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A comparison of oral midazolam and oral dexmedetomidine
as premedication in pediatric anesthesia
ABSTRACT
Context: Oral premedication is widely used in pediatric anesthesia to provide preoperative anxiolysis and ensure smooth
induction. Midazolam is currently the most commonly used premedicant, but newer drugs such as the α2-agonists have
emerged as alternatives for premedication in children.
Aims: The aim of this study was to compare clinical effects of oral midazolam and oral dexmedetomidine on preanesthetic
sedation and postoperative recovery profile in children.
Settings and Design: Randomized controlled trial.
Materials and Methods: We performed a prospective, randomized, controlled study in 60 children, aged 1-7 years undergoing
elective, minor, lower abdominal surgeries under general anesthesia. Patients were randomly assigned to receive either oral midazolam
0.75 mg/kg (Group M, n = 30) or oral dexmedetomidine 4 μg/kg (Group D, n = 30) 40 min prior to mask induction. Preoperative sedation
and anxiolysis, the response at parental separation, quality of mask acceptance and recovery profile were compared for the two groups.
Statistical Analysis Used: Results were analyzed using unpaired Student’s t-test and Chi-squared test. P < 0.05 was
considered statistically significant.
Results: There was no significant difference in the levels of preoperative sedation and anxiolysis between the two groups,
but the onset of sedation was significantly faster with midazolam (18.90 ± 3.68 min) than with dexmedetomidine (30.50 ±
4.44 min). Response to parental separation and quality of mask acceptance was comparable between two groups (P > 0.05).
The incidence of postoperative agitation was significantly less in the dexmedetomidine group (P < 0.05).
Conclusions: In this study, premedication with oral dexmedetomidine produced equally effective preoperative sedation and
a better recovery from anesthesia in children in comparison to oral midazolam.
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Introduction
Almost 50% of children show signs of significant preoperative
anxiety and fear. [1] In order to alleviate physiological
and psychological effects of preoperative anxiety, most
anesthesiologists use either the parental presence or sedative
premedication.
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In children, the issues of premedication are made more
difficult as intravenous (IV) access is frequently absent
and the child may view the placement of an IV cannula
or administration of intramuscular medication as more
invasive than the procedure itself. Therefore, routine
clinical practice frequently makes use of oral administration
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of a sedative agent for premedication prior to anesthesia
induction.[2,3]
Oral midazolam is currently the most commonly used sedative
drug for premedication in children. It has been attributed to
several beneficial effects such as anxiolysis, amnesia, rapid
onset and offset of action. Nevertheless, a bitter taste has
been described after its oral administration. Secondary and
adverse effects to midazolam may include a paradoxical effect
with behavioral changes and agitation and hiccups.[4]
Recently, α2-agonists have emerged as alternatives for
premedication in children. Dexmedetomidine is a centrally
acting selective α2-agonist, which has an anxiolytic and
sedative effect and is devoid of respiratory depression.[5] Few
preliminary studies suggest that dexmedetomidine shows
promise as a premedicant for children to reduce anxiety
and potentially reduce the occurrence and/or severity of
emergence delirium.[6]
We conducted a prospective, randomized clinical trial to
compare characteristics of oral dexmedetomidine and
oral midazolam as premedication in children. Effects of
premedication were assessed with regard to preoperative
sedation and anxiolysis, the response at parental separation,
quality of mask acceptance and postoperative agitation.

of dexmedetomidine (100 μg/ml) was given orally in its
undiluted form. All study drugs were prepared by an
independent investigator not involved in the observation
or administration of anesthesia for the children. Observers
and attending anesthesiologists were blinded to the study
drug given. The child’s response to drug administration was
recorded. All children who refused to take the premedication
or spat it out were excluded from the study protocol.
Sedation status was assessed before the drug administration
and thereafter every 10 min for a maximum of 60 min
after premedication. The onset of sedation was defined
as the minimum time interval necessary for the child to
become drowsy or asleep. Peak sedative effect was defined
as the time interval from drug administration to reach
the maximum level of sedation. The level of sedation was
assessed by using a 4-point scale: 1 = anxious, depressed/
agitated/crying, 2 = awake, calm, quiet, 3 = drowsy, responds
to verbal commands/gentle stimulation, 4 = asleep. When a
sedation score of >1 was reached, the child was transferred
to the induction room. If no satisfactory sedation level was
achieved for parental separation after the maximum time
interval of 60 min, anesthesia induction was still performed.
The response of the child at parental separation was recorded.
It was graded as 1 = crying, cannot be reassured, 2 = awake,
anxious, can be easily reassured, 3 = good separation, awake,
calm, 4 = asleep.

Materials and Methods
After obtaining approval of Ethical Committee, this
prospective, randomized study was carried out on 60 pediatric
patients (American Society of Anesthesiologists [ASA] I and II)
aged 1-7 years, undergoing elective, minor, lower abdominal
surgeries under general anesthesia. Children were excluded
from the study if they were hemodynamically unstable,
had mental retardation or neurobehavioral disorders, were
under treatment with sedatives or anticonvulsants. Patients
were allocated in a randomized manner by sealed envelope
method into two groups (a) Group M (midazolam, n = 30)
and (b) Group D (dexmedetomidine n = 30).

After placement of routine monitoring (electrocardiogram,
pulse oximetry, capnogram, and noninvasive blood
pressure), anesthesia was initiated with sevoflurane 8% in
oxygen-nitrous oxide mixture via a face mask. If the child
came to the induction room already asleep, a steal induction
was performed. Mask acceptance was assessed using a
5-point scale: 1 = combative, crying, 2 = moderate fear of
mask, not easily calmed, 3 = cooperative with reassurance,
4 = calm, cooperative, and 5 = asleep, steal induction. Mask
induction scores of 1 and 2 were considered unsatisfactory
while a score of 3-5 was regarded as a successful response
to premedication.

An informed and written consent was obtained from the
parents or legal guardian during preanesthetic check-up
1 day prior to the surgery. Groups M and D were received
an oral administration of 0.75 mg/kg of midazolam (up to
a maximum of 15 mg) and 4 μg/kg of dexmedetomidine,
respectively mixed with apple juice to make a final volume
of 3-5 ml, in the preoperative holding area 40 min prior
to anesthesia induction. An injectable preservative-free
5 mg/ml preparation of midazolam was used thus limiting
the total volume administered and the IV formulation

After the establishment of IV access, glycopyrrolate
5 μg/kg and fentanyl 2 μg/kg were injected. The airway
was maintained with a facemask or laryngeal mask airway
throughout the surgery. Anesthesia was maintained with
sevoflurane in a 40-60% mixture of oxygen-nitrous oxide
and analgesia was provided by caudal neuraxial block.
At the end of the surgery as soon as a patent airway was
maintained, the child was placed in the recovery position
and allowed to wake up naturally in the postanesthesia
care unit (PACU).
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In the PACU, agitation was assessed as 1 = agitated, crying,
2 = crying, but easily consoled, and 3 = calm. Any episode of
hypoxemia (SpO2 <90%) or any other adverse hemodynamic
events were recorded.
Statistical analysis
All values were reported as mean ± standard deviation
(SD). Data analysis for numerical data was performed using
unpaired Student’s t-test to detect differences between the
groups. Data analysis for categorical data was performed by
Chi-squared test to detect differences in the scores. P < 0.05
was considered statistically significant.

Results
A total of 60 pediatric patients were enrolled in the study,
with 30 children in each group. The two groups were
similar with respect to age, gender, weight and ASA physical
status [Table 1]. None of the children who accepted the
premedication spat it out.

Table 1: Demographic data
Age (years)
Gender: Male/female
Weight (kg)
ASA status: I/II

Group M

Group D

2.9±1.21
15/15
11.9±1.32
28/2

3.03±1.16
13/17
12.2±1.15
29/1

ASA: American Society of Anesthesiologists

Table 2: Preoperative sedation; midazolam compared with
dexmedetomidine
Time interval since oral
premedication (min)

Group M

Group D

10
20
30
40
50
Onset of sedation (min)
Peak sedative effect (min)

2 (6.66)
18 (59.94)
8 (26.64)
2 (6.66)
0
18.9±3.68
23.4±4.92

0
1 (3.33)
12 (39.96)
14 (46.62)
3 (9.99)
30.5±4.44*
40.3±3.93*

Data are reported as a number of patients (frequency %) with a sedation score of
≥2; The onset of sedation and peak sedative effects are reported as mean ± SD;
*P < 0.05 between groups; SD: Standard deviation

All children in both groups were reached the desired level
of sedation prior to induction. However, the onset of
sedation was 18.90 ± 3.68 min in Group M and 30.50 ±
4.44 min in Group D. This difference was statistically
significant (P < 0.05). Peak sedative effect was achieved
at 23.4 ± 4.92 min for midazolam and at 40.3 ± 3.93 min
for dexmedetomidine (P < 0.05). The cumulative number
of children with a sedation score of ≥2 at different time
intervals is depicted in Table 2.

Discussion

There were no significant differences in response at parental
separation and quality of mask acceptance between the two
groups (P > 0.05). The induction scores were comparable
between the two groups (P > 0.05). In the PACU, children
in Group D showed significantly lower agitation scores
compared to Group M [Figure 1].

Oral midazolam is the commonly used drug for premedication
in pediatric anesthesia and has shown to be more effective
in allaying child’s anxiety than the parental presence.[7] The
combination of the sedative and anxiolytic characteristics
is believed to create a calming effect which makes children
less anxious when they are separated from their parents and
during mask placement.[8] It facilitates gamma amino butyric
acid receptor-mediated chloride conductance, which has
an inhibitory effect on neurons in the cerebral cortex. The
dose of 0.75 mg/kg of injectable midazolam given orally as
premedication is acceptable, effective and safe.[9]

Figure 1: Postoperative agitation scores
392

Premedication is often required in children to lessen the
adverse psychological effects of hospitalization, operative
procedure and parental separation. An ideal premedicant
should provide anxiolysis and sedation so as to allow a
smooth anesthesia induction. It should be free from side
effects such as respiratory depression, hemodynamic
disturbances and emergence delirium.

Recently, α2-receptor agonists such as dexmedetomidine
have also been found to be useful for premedication in
children. [10-12] These drugs act on central α2-receptors
located at the locus ceruleus causing inhibition of release
of noradrenaline and create electroencephalogram activity
similar to normal sleep. This results in anxiolytic effects,
sedation and analgesia without respiratory depression.[13]
In one study Mountain et al. postulated that 4 μg/kg of oral
dexmedetomidine resulted in no adverse events, including the
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two most common reported side effects of hypotension and
bradycardia. In fact, there were no differences between the
midazolam and dexmedetomidine groups in hemodynamic
stability or oxygenation prior to, during or after surgery.[6]

clinical studies establishing the safety and efficacy of
dexmedetomidine in children, however, preliminary case
studies discussing the use of dexmedetomidine in children
have been published.

Following oral administration midazolam is completely
and rapidly absorbed. Maximum plasma levels are reached
within 30 min. The amount of conjugated alpha-hydroxy
metabolite excreted in the urine after oral and IV is practically
constant. The oral bioavailability ranged from 31% to 72%.[14]
After oral administration, the maximum dexmedetomidine
concentration in serum was achieved in 2.2 ± 0.5 h after a
lag time of 0.6 ± 0.3 h. Bioavailability of dexmedetomidine
after oral administration is 16% as compared to 82% for
buccal preparations probably due to extensive first pass
metabolism.[15] This would explain the basis for slow onset
of action of oral dexmedetomidine in comparison to oral
midazolam. Our study results confirm that onset of sedation
and peak sedative effect was significantly slower after oral
dexmedetomidine compared with oral midazolam. Oral
dexmedetomidine needs to be administrated at least 40 min
prior to induction to achieve optimum sedation whereas
satisfactory sedation can be achieved 20 min after ingestion of
oral midazolam as evident from previous studies.[16,17] However,
there are obvious disadvantages to use a premedicant with a
long onset time especially in busy surgical centers.

Conclusion

The occurrence of emergence agitation (EA) in children after
sevoflurane anesthesia is common, with a reported incidence up
to 80%. The etiology for EA is not fully elucidated, but possible
risk factors include intrinsic characteristics of an anesthetic,
rapid emergence from anesthesia, postoperative pain,
preschool age, preoperative anxiety and child temperament.
Although the severity of agitation varies, it often requires
additional nursing care as well as treatment with analgesics
or sedatives, which may delay discharge from hospital.[18] We
observed a lower incidence of EA in children premedicated with
dexmedetomidine. These results are consistent with previous
studies as shown by the effective use of either single dose
0.3 μg/kg or continuous perioperative infusion 0.2 μg/kg/h of
IV dexmedetomidine for reduction of postoperative agitation
in children treated with sevoflurane.[11,19] However, children
premedicated with midazolam had a higher incidence of EA
consistent with few published data.[20,21]

5.

Limitations of the study include (1) as oral formulations
of midazolam and dexmedetomidine were not available,
IV preparations of drugs were used, (2) uptake and
bioavailability of drugs varies markedly among the study
population depending on gastrointestinal and metabolic
constitutions of the individual and (3) there are no

In this study, premedication with oral dexmedetomidine
produced equally effective preoperative sedation and a
better recovery from anesthesia in children in comparison
to oral midazolam.
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ABSTRACT
Background and Aims: Transfusion of blood and blood products poses several hazards.
Antifibrinolytic agents are used to reduce perioperative blood loss. We decided to assess the
effect of tranexamic acid (TA) on blood loss and the need for transfusion in head and neck cancer
surgery. Methods: After Institutional Review Board approval, 240 patients undergoing supramajor
head and neck cancer surgeries were prospectively randomised to either TA (10 mg/kg) group or
placebo (P) group. After induction, the drug was infused by the anaesthesiologist, who was blinded
to allocation, over 20 min. The dose was repeated every 3 h. Perioperative (up to 24 h) blood loss,
need for transfusion and fluid therapy was recorded. Thromboelastography (TEG) was performed
at fixed intervals in the first 100 patients. Patients were watched for post‑operative complications.
Results: Two hundred and nineteen records were evaluable. We found no difference in intraoperative
blood loss (TA ‑ 750 [600–1000] ml vs. P ‑ 780 [150–2600] ml, P = 0.22). Post‑operative blood loss
was significantly more in the placebo group at 24 h (P - 200 [120–250] ml vs. TA - 250 [50–1050]
ml, P = 0.009), but this did not result in higher number of patients needing transfusions (TA ‑ 22/108
and P ‑ 27/111 patients, P = 0.51). TEG revealed faster clot formation and minimal fibrinolysis.
Two patients died of causes unrelated to study drug. Incidence of wound complications and deep
venous thrombosis was similar. Conclusion: In head and neck cancer surgery, TA did not reduce
intraoperative blood loss or need for transfusions. Perioperative TEG variables were similar. This
may be attributed to pre‑existing hypercoagulable state and minimal fibrinolysis in cancer patients.

Key words: Blood transfusion, cancer surgery, hypercoagulability, tranexamic acid

INTRODUCTION
Administration of blood and blood products carries the
risk of post‑operative bacterial infection and increased
rates of recurrence in various malignancies.[1,2] Lower
transfusion trigger, pre‑operative autologous blood
donation (with or without erythropoietin), intraoperative
red blood cell salvage, regional anaesthesia, controlled
hypotension and antifibrinolytic agents are all useful
means to decrease the need for allogenic transfusions.
Tranexamic acid (TA) is a synthetic antifibrinolytic
agent that is approximately 7–10 times more potent
than aminocaproic acid. It blocks the lysine‑binding
sites of plasminogen, plasmin and tissue plasminogen
activator (tPA), and thus delays fibrinolysis and
degradation of blood clot.[3] A recent systematic review
of over 10,000 patients undergoing various surgeries

suggested that administration of TA reduces the need
of receiving transfusion by 38% (relative risk [RR]
0.62, 95% confidence interval [95% CI]: 0.58–0.65;
P < 0.001).[4] We wanted to find out whether
intraoperative administration of TA reduced blood
loss in patients undergoing supramajor head and neck
cancer surgery.
This is an open access article distributed under the terms of the Creative
Commons Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows
others to remix, tweak, and build upon the work non‑commercially, as long as the
author is credited and the new creations are licensed under the identical terms.
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Thromboelastography™ (TEG) allows evaluation of
kinetics of clot formation and presence and inhibition
of fibrinolysis.[5] Hypercoagulability, difficult to detect
with routine coagulation tests, can be diagnosed with
TEG displaying a short r‑time, broad alpha angle and
maximum amplitude (MA) >70 mm.

METHODS
This
prospective,
double‑blind,
randomised,
placebo‑controlled trial was conducted after approval
from the Institutional Review Board in a Tertiary
Referral Cancer Institute in India. We included
240 patients with resectable squamous cell carcinoma
of the oral cavity undergoing supramajor surgery viz.,
composite resection of the mandible along with neck
dissection, requiring reconstructive procedures in the
form of pedicled flaps. Informed consent was obtained
from all patients. Patients with coagulopathy (partial
prothrombin time >50 s, or international normalised
ratio >1.5, platelets <50 × 109/L), or those who had
recent history of (<5 days) acetylsalicylic acid ingestion,
patients on anticoagulant therapy (heparin received
within 4 h or warfarin received 3 days pre‑operatively)
or those with peripheral vascular disease, pre‑existing
renal dysfunction (serum creatinine >1.2 mg/dL), liver
dysfunction or known allergy to TA were excluded.
The patients were allocated to two groups by random
numbers generated using a computer programme,
and blocks of 10 were generated. The patient, the
anaesthesiologist and the person assessing the blood
loss were blinded to the assignment. The study drug,
either tranexamic acid (TA) 10 mg/kg in 100 ml of normal
saline (TA group) or placebo (100 ml normal saline) was
prepared by one investigator as per the randomisation and
handed over to the attending anaesthesiologist who was
blinded to the group assignment. Patients were stratified
a priori according to plan of reconstruction (pedicled
pectoralis major myocutaneous flap or pectoralis major
myocutaneous and deltopectoral flap).
The technique of induction, maintenance and reversal
of anaesthesia was left to the discretion of the attending
anaesthesiologist. The study drug, prepared in the
calculated dose, or placebo was infused over 20 min
after induction of anaesthesia before the surgical
incision was taken. In the event of prolonged surgeries,
the infusion was repeated every 3 h.
Intraoperative blood loss was calculated by
gravimetry, the blood collected in the suction
20

bottle and visual assessment of blood loss in the
surgical field. Maximum allowable blood loss
(MABL) was calculated with a transfusion trigger
of 8 g% haemoglobin (Hb) using the formula:
MABL = ([Hb − minimum Hb]/Hb) × (weight in kg)
× (ml of blood per kg body weight). The blood loss
was replaced with Ringer’s lactate or a colloid until it
exceeded the calculated MABL. Then, it was replaced
with either whole blood or packed red cells. The
anaesthesiologist could override the trigger if the
patient developed haemodynamic instability (heart
rate >120 beats/min, or a systolic blood pressure
decrease by >20% of pre‑operative value) despite
adequate volume replacement. Assessment of volume
status and the amount of fluid to be infused was left to
the judgement of the attending anaesthesiologist.
The primary endpoint was reduction in blood loss,
while the secondary endpoint was the number of
patients needing transfusion. We noted demographics,
comorbidities, pre‑operative and post‑operative
Hb concentration on day 1 and platelet count. We
performed TEG in the first 50 patients in each group at
five intervals: Pre‑operatively, 1 h after the first dose,
1 h after the second dose, immediately post‑operatively
on transfer to recovery room and on the morning of the
first post‑operative day. Post‑operative blood loss was
assessed from the blood collected in the suction drain
bottles over the first 24 h. The type and duration of
surgery, experience of the surgeon and mean arterial
blood pressure during surgery were also recorded.
We also noted the urine output in the first 24 h and
serum creatinine on post‑operative day 1 and 3. The
patients were monitored for development of skin flap
and reconstruction flap necrosis (both graded as edge
necrosis, flap loss either more or <50%), oro‑cutaneous
fistulas, symptomatic deep vein thrombosis, need
for surgical re‑exploration and other incidental
complications until discharge from the hospital.
From our previous data, the mean blood loss in patients
undergoing composite resections and reconstruction
was 750 ml (standard deviation [SD] 100). For the trial
to have 80% power to detect a reduction of 40% in
the average blood loss, at α = 0.05, (PS programme,
Copyright© 1997, Vanderbilt University Medical
Center ‑ http://www.mc.vanderbilt.edu/prevmed/ps/)
we calculated that 100 patients in each group were
needed. To compensate for protocol violation such
as failure to administer drug, change of surgical plan
and non‑availability of case record forms, we enrolled
240 patients.
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Statistical analysis was performed on intention to treat
basis using Student’s t‑test and Chi‑square test. Serial
measurements were analysed by paired t‑test (for
two observations) and by repeated measures ANOVA
(for more than two observations) and a P < 0.05 was
considered statistically significant.

RESULTS
Two hundred and nineteen of 240 records were
evaluable. Patients in the TA and control groups were
similar in sex, age, weight, comorbidities and baseline
investigations including the coagulation parameters
obtained with TEG. The type of reconstructive surgery
and duration of surgery was also similar [Table 1].
Anaesthetic technique including the use of narcotic
analgesics and haemodynamic parameters revealed
no differences in two groups. The intraoperative blood
loss and total blood loss (a total of intraoperative
blood loss and post‑operative blood loss) in the first
24 h in perioperative period was similar in both
groups (750 ml in TA vs. 780 ml in control group,
P = 0.22, 1000 ml in TA group and 1100 ml placebo
group, respectively). The difference in post‑operative
blood loss reached statistical significance (TA 250 ml
vs. 320 ml in the control group, P = 0.009), but did
not seem to be clinically significant and did not
result in an increase in need for blood transfusion.
Of 108 patients, 22 needed blood transfusion in
TA group while in the placebo group, 27 of 111
needed transfusion (P = 0.51). No patients were
transfused in the post‑operative period. Intraoperative
fluid replacement, crystalloids and colloids were
similar in both groups [Table 2]. The TEG showed
hypercoagulable profile at baseline, i.e., shorter than
normal r‑time, k‑time and wide α angle indicating
faster acceleration (kinetics) of fibrin build up and
cross‑linking in both groups. At all points when TEG
was performed the MA was higher than the normal
range, and there was absence of significant fibrinolysis
in both groups indicated by high clot lysis index at
60 min [Table 3].
Post‑operative investigations revealed no differences
in two groups and no renal or hepatic dysfunction
in the TA group [Table 4]. Two patients died in the
post‑operative period, one had a hypoxic cardiac
arrest on the second post‑operative day in the ward
due to a blocked tracheostomy tube (TA group),
while the other patient had an unexplained asystolic
cardiac arrest (placebo group). Other post‑operative
complications were similar in both groups viz., two
Indian Journal of Anaesthesia | Vol. 60 | Issue 1 | Jan 2016

Table 1: Baseline characteristics, type of reconstruction
and duration of surgery

Demographics

Age (years)
Male:female ratio
Weight (kg)
Comorbidities
(number of patients)
HT
DM
IHD
Others
Pre‑operative investigations
Haemoglobin (g/dl)
Platelets (×1000/mm3)
Urea (mg%)
Creatinine (mg%)
Bilirubin (mg%)
Reconstruction
Single flap
(number of patients)
Double flap
(number of patients)
Duration of surgery (h)

TA group
Placebo group
(108 patients) (111 patients)
51.26 (11.30) 50.67 (11.68)
79:27
87:23
55.73 (13.74) 53.21 (10.81)

P

‑

15
13
0
4

7
7
1
6

0.068
0.15
1.0
0.751

12.24 (1.79)
2.17 (0.78)
23.34 (8.89)
0.98 (0.19)
0.67 (0.31)

12.15 (1.73)
3.98 (1.17)
22.51 (7.8)
1.03 (0.89)
0.61 (0.4)

0.706
0.202
0.489
0.693
0.349

63

66

0.673

45

45

0.67

5.45 (1.55)

5.51 (1.57)

0.95

IHD – ischaemic heart disease; DM – Diabetes mellitus; HT – Hypertension;
TA – Tranexamic acid

Table 2: Blood loss, fluids and blood replacement

Blood loss, fluids,
blood replacement

Median (IQR)
P
TA group (108) Placebo group (111)
750 (600-1000)
780 (150-2600)
0.22

Intraoperative
blood loss (ml)
Transfusion
22
(number of patients)
Post‑operative
200 (120-250)
blood loss (ml) 24 h
Blood loss 24 h
1000 (735-1250)
(total, in ml)
Intraoperative
3000 (1000-6000)
crystalloids (ml)
Intraoperative
500 (0-3000)
colloids (ml)

27

0.51

250 (50-1050)

0.009

1110 (850-1467)

0.133

3000 (1000-7000)

0.66

500 (0-1500)

0.673

IQR – Interquartile range; TA – Tranexamic acid

Table 3: Baseline TEG parameters

TEG parameter

Median (IQR)
TA group (n=52) Placebo group (n=49)
r (10-14 s)
4.6 (3.33-5.78)
4.3 (3.05-5.75)
k (3-6 s)
1.3 (1.02-1.60)
1.3 (1.0-1.7)
α (54-67 s)
72.8 (68.6-76.3)
71.9 (66.6-75.65)
MA (59-68 mm) 71.75 (67.5-75.2)
72 (65.75-77.20)
A60 (mm)
68.25 (58.3-72.5)
67 (59.4-73.45)
CLI
93.29 (85.04-99.65) 94.66 (89.24-100.28)

P
0.882
0.349
0.406
0.305
0.685
0.59

IQR – Interquartile range; TEG – Thromboelastography; TA – Tranexamic acid;
MA – Maximum amplitude; CLI – Clot lysis index

patients in each group had skin flap necrosis while
three each had >50% necrosis of reconstruction
flap (P = NS). One patient (placebo group) needed
21
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Table 4: Post‑operative (day 1) investigations

Investigation

Haemoglobin (g/dl)
Platelets (1000/mm3)
Urea (mg%)
Creatinine (mg%)
Bilirubin (mg%)

Mean (SD)
TA group
Placebo group
11.5 (2.6)
10.68 (1.98)
267.88 (104.2)
245.01 (83.3)
22.95 (10.76)
21.96 (8.96)
0.941 (0.21)
1.08 (1.59)
0.836 (0.69)
0.87 (0.66)

P
0.87
0.282
0.606
0.728
0.249

SD – Standard deviation; TA – Tranexamic acid

re‑exploration of the wound for bleeding on the day
of surgery. The incidence of oro‑cutaneous fistula
was also similar seen in two patients in TA group
and three patients in placebo group. There were no
thromboembolic complications in either group.

DISCUSSION
In this randomised, double‑blind, placebo‑controlled
study, intravenous administration of TA did not reduce
blood loss in patients undergoing supramajor surgery
for oral cancers. The need for blood transfusions
was also not reduced. Post‑operative blood loss was
lower in the patients receiving TA but this difference
was neither clinically significant and nor did it
cause increased requirement for transfusion in the
placebo group. TA administration was safe as there
was no surgical complication, organ dysfunction or
thromboembolic episode.
Coagulation and fibrinolysis are both activated by
surgical trauma.[6] Inhibiting fibrinolysis reduces
blood loss by increasing clot strength. During major
surgery, exposure of tissues to injury causes release
of enzymes, mainly tPA, thereby activating the
fibrinolytic system.[7] The fibrinolytic response is
most pronounced in the intraoperative and early
post‑operative period. Ekbäck et al. found increased
levels of tPA, plasmin‑antiplasmin complex and
thrombin‑antithrombin complex, indicating activation
of coagulation. Hyperfibrinolytic phase, indicated
by increased levels of D‑dimers was seen in the
placebo group from 4 h onwards intraoperatively.[8]
The D‑dimers levels returned to baseline on the first
post‑operative day. In contrast, the D‑dimers levels
were much lower throughout in patients given TA
indicating inhibition of fibrinolysis. Benoni et al.
measured levels of thrombin fragments (1 + 2),
D‑dimers plasminogen, α2 antiplasmin, tPA and
plasminogen activator inhibitor (PAI‑1) in blood
from wound as well as peripheral venous blood.[9]
They found significant activation of coagulation and
fibrinolysis in both samples, much more in the blood
22

than the wound. D-dimer levels were lower in TA group
indicating inhibition of fibrinolysis. In both these
studies, blood loss was lower in patients receiving TA.
In patients undergoing an orthotopic liver transplant,
there was significant fibrinolytic activity, i.e., high
levels of D‑dimer and fibrin degradation products, in
the normal saline group in contrast to patients receiving
TA. Inhibition of fibrinolysis by TA was evident from
higher clot lysis index than patients given placebo.[10]
However, the need for transfusion was similar in both
groups.
TA has been shown to reduce blood loss in a
variety of surgical procedures such as coronary
revascularisation, orthotopic liver transplantation,
scoliosis correction surgery, other orthopaedic
procedures and caesarean sections.[8,11‑16] A recent
meta‑analysis of over 1100 patients also demonstrated
the efficacy of antifibrinolytic agents in reducing
blood loss in patients undergoing hip athroplasty and
total knee replacement.[17] The likelihood of patients
needing transfusion was reduced by 52%. TA was
the most efficacious (RR 0.47 [95% CI: 0.40–0.55]).
The incidence of venous thromboembolism with
antifibrinolytic agents was similar to placebo. In
trauma patients, TA reduced all‑cause mortality as
well as the risk of mortality due to bleeding.[18] It has
been suggested that TA should be added for routine
use in treatment of trauma patients.[19]
Reducing the need for transfusion in cancer patients
may be particularly important as the literature
suggests increased recurrence rates in head and
neck, colorectal, oesophageal and hepatocellular
malignancies after blood transfusion.[20‑24] Blood
transfusion was associated with earlier recurrence in
patients with advanced ovarian cancer undergoing
cytoreductive surgery.[25] The literature on the use of
TA in cancer patients to reduce blood loss is scarce,
with varied results. In 200 patients undergoing
retropubic radical prostatectomy, TA led to a 21%
absolute reduction (95% CI: 7–34%) in transfusion
rate.[26] The median no of units transfused was
also reduced (0 [interquartile range (IQR): 0–1]
vs. 1 [IQR: 0–1.5]; P = 0.004) in patients who
received TA. The blood loss was higher in placebo
group (1103 ml [SD 500.8] vs. 1335 ml [SD 686.5], [95%
CI: 29.7–370.7; P = 0.02]). In a small case series
with historical controls, Bednar et al. found that
mean estimated blood loss was not reduced by TA in
patients undergoing surgical treatment for metastatic
tumours of the spine.[27] In patients undergoing
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various procedures for head and neck cancers,
TA administration did not reduce the drainage
duration.[28] In patients undergoing hepatectomy for
hepatic tumours, perioperative administration of TA
was shown to reduce blood loss (300 ml [30–2100] vs.
600 ml [40–3410]).[29]
Cancer patients are hypercoagulable due to the
production of various procoagulant activities, such
as tissue factor and cancer procoagulant.[30] Cancer
cells also increase fibrinolytic activity as tPA and
urokinase‑type plasminogen activator and PAI‑1 are
expressed on their surface. We wanted to document
effective inhibition of fibrinolysis with TA, and,
therefore, we performed TEG in first 100 patients.
Modrau et al. found a distinct difference in
coagulation profile when comparing patients with
benign and malignant colorectal lesions.[31] Patients
with malignant lesions were hypercoagulable and
also showed fibrinolysis inhibition. Our patients were
hypercoagulable to start with (shortened r and k‑time
and wide α angle), and there was also decreased
fibrinolytic activity in both groups (high MA
and >80% clot lysis index at 60 min). This explains
why TA administration did not lead to a reduction in
blood loss. It is unlikely that the dose of TA used by
us was inadequate to achieve inhibition of fibrinolysis
as it was similar to doses used in other studies that
demonstrated reduced blood loss.[32‑34] An even
smaller dose of TA (2 mg/kg/h infusion) reduced
fibrinolysis in patients undergoing orthotopic liver
transplantation.[17] In a dose response study, the
D‑dimer concentration was reduced with the smallest
dose (2.5 mg/kg) of TA as compared to placebo but the
reduction of blood loss became significant from the
doses upwards of 10 mg/kg.[35]
Our patients did not experience any episodes of
symptomatic venous thromboembolism. This may be
because the fibrinolytic activity is more pronounced
in the wound than in the peripheral blood in patients
undergoing surgery.[9] The site of action of TA is,
therefore, more likely to be limited to the surgical field
than being generalised. Therefore, TA may be safely
used in these patients.
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OBJECTIVE: To investigate whether early developmental intervention (EDI) can positively

abstract

affect the trajectories of cognitive development among children from low-resource families.
METHODS: Longitudinal analyses were conducted of data from 293 children in the Brain

Research to Ameliorate Impaired Neurodevelopment Home-based Intervention Trial, a
randomized controlled trial of a home-based EDI program, to examine trajectories of Bayley
Scales of Infant Development—Second Edition Mental Development Index (MDI) scores
from 12 to 36 months of age among young children from high- and low-resource families in
3 low- to middle-resource countries.
RESULTS: A 3-way interaction among family resources, intervention group, and age was
statistically significant after controlling for maternal, child, and birth characteristics (Wald
χ2(1) = 9.41, P = .002). Among children of families with high resources, both the intervention
and control groups had significant increases in MDI scores over time (P < .001 and P =
.002, respectively), and 36-month MDI scores for these 2 groups did not differ significantly
(P = .602). However, in families with low resources, the EDI group displayed greater
improvement, resulting in significantly higher 36-month MDI scores than the control group
(P < .001). In addition, the 36-month MDI scores for children in families with low resources
receiving EDI did not differ significantly from children from high-resource families in either
the EDI (P = .509) or control (P = .882) groups.
CONCLUSIONS: A home-based EDI during the first 3 years of life can substantially decrease the

developmental gap between children from families with lower versus higher resources,
even among children in low- to middle-resource countries.
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WHAT’S KNOWN ON THIS SUBJECT: Studies have
found a link between socioeconomic status and
cognitive development. Research suggests that early
interventions can improve cognitive development.
However, studies have not examined whether early
intervention can ameliorate the impact of low
socioeconomic status on cognitive development.
WHAT THIS STUDY ADDS: This study demonstrates that
early intervention can alter trajectories of cognitive
development among children from disadvantaged
backgrounds. Children from low-resource families
receiving the study intervention had 36-month Mental
Development Index scores statistically indistinguishable
from those of children from high-resource families.
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Fewer family resources and lower
socioeconomic status (SES) have
been consistently linked with poorer
child developmental outcomes,1
particularly for cognitive development.
Research in the United States and
other higher-resource countries has
shown that young children from lower
SES families, for example, receive
lower scores on measures of cognitive
and language skills,2–4 perform more
poorly on intelligence tests,5 exhibit
diminished executive functioning,6–8
are less likely to be ready for school,
9–11 and have poorer performance
once they enter school.12
This same socioeconomic differential
in development has been found in
low- to middle-resource countries
as well.13 For example, a study
in Madagascar found significant
variation in cognitive and language
scores based on the mother’s
education and the family’s wealth.14
Similar socioeconomic gaps were
found in Extended Ages and Stages
Questionnaire scores for children in
4 low- to middle-resource countries
(India, Indonesia, Peru, and Senegal),
and these gaps increase during the
first 2 years of life.15
Children from lower SES backgrounds
are also at greater risk for poorer
birth outcomes that can adversely
affect their developmental trajectories.
Lower SES, as measured by either
individual- or community-level
indicators, has been linked with greater
risk of low birth weight (eg, Parker et
al16; Zeka et al17), which in turn has
been linked to diminished cognitive
ability.18 Children in low- to middleresource countries are particularly
at increased risk for poor birth
outcomes. Of an estimated 2.9 million
neonatal deaths occurring each year,
19 the vast majority (∼99%) occur in
low-resource countries.20
Early developmental intervention
(EDI) can improve cognitive
outcomes among socially or medically
disadvantaged children (eg, Nahar
et al21; Nordhov et al22; Wallander et
al23). It is estimated that >200 million

children under age 5 years do not
reach their developmental potential
because of poverty, malnutrition,
poor health, and unstimulating home
environments; the majority of these
children reside in South Asia and
sub-Saharan Africa.24,25 Walker and
colleagues26 identified inadequate
cognitive stimulation as 1 of 4 key
risk factors for which there is an
urgent need for intervention. In a
literature review of EDI in developing
countries, Baker-Henningham and
Boo27 found that 9 of 10 intervention
studies with disadvantaged children
reported significant improvements
in mental development scores. These
interventions generally included
home visits in which the mother
was shown activities to foster child
development and improve mother–
child interactions. The 1 study not
finding a significant effect consisted
primarily of group meetings with
mothers.27,28
The Brain Research to Ameliorate
Impaired Neurodevelopment Homebased Intervention Trial (BRAINHIT) used a randomized controlled
trial (RCT) design and found that
a home-based EDI program that
initiated training shortly after birth
to parents on age-appropriate child
stimulation activities was successful
at improving child cognitive and
psychomotor development at 3
years of age, as measured by Bayley
Scales of Infant Development—
Second Edition (BSID-II),29 among
infants who survived birth asphyxia
or had healthy births in 3 low- to
middle-resource countries (India,
Pakistan, and Zambia).30,31 The aim
of the current study was to examine
whether this early intervention could
also ameliorate the developmental
gap expected between children of
low- versus high-resource families.

METHODS
Study Design
The BRAIN-HIT (registered at
ClinicalTrials.gov: NCT00639184)

was an RCT involving an EDI
program among young children
in rural communities marked by
poverty in India, Pakistan, and
Zambia. As detailed elsewhere,23 this
parallel design RCT was implemented
in 2 populations: (1) infants with
birth asphyxia unresponsive to
stimulation who received bag and
mask ventilation and (2) infants
without asphyxia who did not
require any resuscitation (discussed
subsequently). Infants in each cohort
were randomized individually,
using 1:1 concealed parallel
allocation, matched for country and
chronological time using variable
block sizes to ensure allocation
concealment to either EDI plus health
education or a control intervention
consisting of health education only
(see the flow diagram in Carlo et
al30). The allocation sequence was
generated centrally and distributed
using sealed envelopes to the
local investigators, who obtained
consent for the trial. Written
informed consent was obtained
before randomization. The trial was
approved by institutional review
boards at the University of Alabama,
Birmingham, RTI International, and
each participating clinical site.30,31

Study Populations
Infants with birth asphyxia
unresponsive to stimulation, who
received bag and mask ventilation for
resuscitation at birth, were screened
for enrollment. Birth asphyxia was
defined as the inability to initiate
or sustain spontaneous breathing
at birth using the World Health
Organization32 definition. Exclusion
criteria were (1) the infant’s birth
weight was <1500 g, (2) the infant’s
neurologic examination at 7 days
was severely abnormal (grade III
by criteria from Ellis et al33), (3) the
mother was under 15 years of age,
(4) the mother was unable/unwilling
to participate, or (5) the mother was
not planning to stay in the study
communities for the following 3
years. In addition, infants who did
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not require any resuscitation and had
normal neurologic exams at 7 days
of age but otherwise met the same
criteria as infants with birth asphyxia
were randomly identified from the
next 1 or 2 births after the infant with
asphyxia, matched for country and
chronological time, and enrolled into
this trial

Participants
Among the 540 infants who were
screened, 438 (81%) were eligible
for participation in the study, and
407 (93%) of the eligible infants had
families who consented to participate
in the study.30 Among infants whose
families consented, 293 (72%)
had scores for the BSID-II Mental
Developmental Index (MDI) at 12 and
36 months (discussed subsequently)
and were included in the current
analyses.

Intervention Conditions
Participants and parent trainers in
both conditions were masked to the
objectives and hypotheses of the
study. Both interventions were
delivered using a biweekly schedule
of home visits, starting before age 1
month and ending at 36 months of age.

the parent, who was encouraged
to apply the activities in daily life
with the child until the next home
visit. The trainer introduced new
activities in subsequent visits to
enhance the child’s developmental
competencies. The trainers were
supervised during weekly group
meetings and observations during
home visits. Of all possible home
visits during the study, home visit
completion rates for the intervention
group by site were as follows: India
(92.2%), Pakistan (80.9%), and
Zambia (82.8%). Further information
on the intervention dose (eg, home
visits, intervention adherence) for
BRAIN is available in Wallander and
colleagues.35

Control Intervention
Parents in both trial conditions
received health education during
every home visit, but this was
the sole content of the control
intervention. Implemented
separately by EDI and control
trainers, health education was based
on a World Health Organization36
curriculum that addressed, for
example, breastfeeding, nutrition,
hygiene, and vaccinations.

Measures
EDI
A home-based, parent-implemented
EDI model was the active
intervention (detailed in Wallander
et al23). Following the Partners
for Learning34 curriculum, parent
trainers introduced playful
interactive learning activities and
modeled them for the parents
during home visits. This curriculum
covers (1) cognitive and fine
motor, (2) social and self-help,
(3) gross motor, and (4) language
skills. During each home visit, the
trainer presented 1 or 2 learning
activities, and each activity targeted
a developmentally appropriate skill.
The parent practiced the activity
in the presence of the trainer, who
provided feedback. Cards depicting
the activities were then left with

Data were collected on demographic
characteristics of the mother (age,
education, marital status, education,
parity, prenatal care) and child
(gender), birth-related factors
(vaginal vertex delivery, location,
birth attendant, birth weight,
gestational age, 1- and 5-minute
Apgar scores), and whether the child
had to be resuscitated in the delivery
room.

Family Resources
A Family Resources Index was
calculated on the basis of family
assets and living standards, as shown
in Table 1. Possible scores range from
0 to 20, and higher values indicate
greater resources; for descriptive
purposes, scores were classified into
low versus high resources based on a

median split (<8 vs ≥8). Cronbach’s
α for the measure was high with
a value of 0.79, indicating good
internal consistency. Table 1 depicts
the difference in assets and living
standards between families with high
and low family resources.

Cognitive Development
The primary outcome for the EDI was
cognitive development, measured
by the BSID-II MDI. The MDI is a
standardized score with a mean of
100 and SD of 15. The BSID-II was
used in this study because of its wellestablished reliability and validity
and its previous extensive use in
low- to middle-resource countries.37
As outlined in Biasini and colleagues,
38 the BSID-II was pretested in each
of the sites participating in BRAIN
(India, Pakistan, and Zambia),
and minor modifications were
made to a few items to make them
more culturally appropriate. For
example, a picture of a sandal rather
than shoe was used. Assessments
were completed at 12, 24, and 36
months of corrected age in the local
language. Evaluators from the 3
sites jointly received training on
the BSID-II in 4-day workshops
during which they practiced
administering the instrument until
adequate reliability was achieved.
Each workshop was held before
commencing the yearly assessments.
Evaluators were fluent in the local
language, familiar with the culture,
and masked to the participant’s
resuscitation history or treatment
assignment. If an evaluation could
not be completed because of acute
illness or uncharacteristic behavioral
problems, the assessment was
rescheduled when possible.

Statistical Analyses
Analyses were conducted using an
intent-to-treat approach. Descriptive
statistics were computed for
maternal and infant characteristics.
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TABLE 1 Scoring and Distribution of Family Resources
% With Resource
Resources
Assets
Radio
Television
Refrigerator
Bicycle
Motorcycle or car
Sewing machine
Watch/clock
Sofa
Fan
Videocassette player/recorder
Living standards
Source of water
Private pipe/pump
Public pipe/pump
Other
Source of toilet
Any ﬂush/latrine
Bus/ﬁeld
Source of light
Electricity
Kerosene/gas/oil
Other
House materials
High-quality materials only
High- and low-quality materials
Low-quality materials only
Number of sleepers per room
1–2 sleepers per room
3–4 sleepers per room
5+ sleepers per room

Item Scoringa

Low (n = 160)

High (n = 133)

1
1
1
1
1
1
1
1
1
1

35
6
1
19
4
4
23
2
6
1

80
74
23
52
19
27
80
30
51
23

2
1
0

18
56
26

50
38
11

2
0

25
75

75
25

2
1
0

46
49
5

74
22
4

2
1
0

2
21
78

47
32
20

2
1
0

25
41
34

67
22
11

a The overall Family Resources Index score is computed by summing the scores across all items. Families not owning an
asset are assigned a value of 0 for that item. Overall scores are classiﬁed into low (<8) versus high (8+).

Frequencies and percentages were
reported for categorical variables and
means and standard deviations for
continuous variables.
Generalized estimating equation
models were conducted to
compare trajectories of MDI scores
from the 12-, 24-, and 36-month
assessments by high versus low
family resources and intervention
group, while accounting for repeated
measurements and clustering of
children by site. We began by fitting
a model testing a 2-way interaction
between age and intervention group
to determine whether children in the
EDI group had different trajectories
of MDI scores over time than those
in the control group. We then
tested a 3-way interaction (age ×
intervention × family resources) to

determine whether the impact of
the intervention on the trajectories
of MDI scores varied depending
on family resources. Both models
included site; intervention group;
family resources; resuscitation
status; and the maternal, child, and
birth characteristic listed in Table 2.
The analyses included children with
36-month MDI scores. However, as
a sensitivity check, the regression
models were rerun adding in
children with missing 36-month
scores to determine whether results
are consistent. All analyses were
conducted in SAS version 9.4.

RESULTS
Average maternal age among study
participants was 25.4 years with

a little over half having no formal
education (Table 2). The majority
of mothers were married, had
received prenatal care, and had
a vaginal vertex delivery. Mean
(95% confidence interval) overall
family resource index scores were
4.94 (4.70–5.18) for low-resource
families and 11.98 (11.48–12.53) for
high-resource families (P < .001).
Families with low resources were
more likely to be from Zambia, have
no formal education, be married,
have not received prenatal care, have
delivered at home, and have had a
traditional birth attendant (Table 2).
Confirming results of a previous
BRAIN-HIT evaluation,31 when
controlling for site; intervention;
and the other maternal, child, and
birth characteristics, children in the
EDI and control groups displayed
significantly different trajectories
of MDI scores from 12 to 36 months
(Wald χ2[1] = 9.56, P = .002; Table 3,
Model 1). Pursuant to the aim of the
current study, in the model including
family resources as a moderator of
this intervention-by-age interaction
effect, the 3-way interaction among
age, intervention, and family
resources was statistically significant
(Wald χ2[1] = 9.41, P = .002; Table 3,
Model 2). This finding is consistent if
participants missing 36-month scores
are also included (Wald χ2[1] = 10.25,
P = .001).
As shown in Fig 1, trajectories of MDI
scores varied by family resources.
In families with high resources, as
defined here (see Table 1), both the
intervention and control groups
had significant increases in MDI
scores over time (P < .001 and P =
.002, respectively), and 36-month
MDI scores for these 2 groups did
not differ significantly (adjusted
means: 102.5 vs 101.5; P = .602).
However, in families with low
resources, the EDI group displayed
greater improvement, resulting
in significantly higher 36-month
MDI scores than the control group
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TABLE 2 Maternal, Child, and Birth Characteristics and Outcomes by Family Resources
Family Resources
Variable
Intervention group, n (%)
Early developmental intervention
Control
Site, n (%)
India
Pakistan
Zambia
Maternal characteristics
Age (y), mean ± SD
Age (y), n (%)
<20
20–24
25–34
≥35
Highest level of maternal education, n (%)
No formal education
Literate/primary education
Secondary/university
Married, n (%)
Primiparous, n (%)
Prenatal care, n (%)
Child characteristics
Gender (male), n (%)
Birth wt (g), n (%)
1500–2499
2500–2999
>3000
Apgar scores, mean ± SD
1 min
5 min
Preterm, n (%)
Resuscitated, n (%)
Birth characteristics
Vaginal vertex delivery, n (%)
Location of birth, n (%)
Home
Clinic
Hospital
Birth attendant, n (%)
Physician
Nurse/midwife/health worker
Traditional birth attendant
Family/unattended

(adjusted means: 101.2 vs 94.1; P
< .001). In addition, the 36-month
MDI scores for children in families
with low resources receiving EDI did
not differ significantly from children
from high-resource families in either
the EDI (adjusted means: 101.2 vs
102.5; P = .509) or control (adjusted
means 101.2 vs 101.5; P = .882)
groups.
Resuscitation status was included
along with the other control variables

Total (n = 293)

Low (n = 160)

High (n = 133)

P

146 (50)
147 (50)

79 (49)
81 (51)

67 (50)
66 (50)

.865

81 (28)
120 (41)
92 (31)

36 (23)
49 (31)
75 (47)

56 (41)
32 (24)
45 (34)

.002

25.4 ± 5.6

25.5 ± 5.5

25.4 ± 5.7

.894

36 (12)
102 (35)
129 (44)
26 (9)

19 (12)
53 (33)
75 (47)
13 (8)

17 (13)
49 (37)
54 (41)
13 (10)

.751

143 (51)
80 (29)
55 (20)
278 (95)
94 (32)
231 (79)

99 (63)
42 (27)
15 (10)
159 (99)
48 (30)
113 (71)

44 (36)
38 (31)
40 (33)
119 (89)
46 (35)
118 (89)

<.001

<.001
.418
<.001

166 (58)

92 (58)

74 (58)

.944

68 (24)
109 (39)
105 (37)

41 (26)
58 (37)
58 (37)

27 (22)
51 (41)
47 (38)

.649

7.2 ± 2.6
9.2 ± 1.4
91 (32)
123 (42)

7.3 ± 2.5
9.3 ± 1.3
57 (36)
73 (46)

7.1 ± 2.6
9.0 ± 1.5
34 (26)
50 (38)

.671
.106
.060
.166

277 (99)

155 (99)

122 (98)

.433

155 (55)
66 (23)
63 (22)

99 (63)
28 (18)
30 (19)

56 (44)
38 (30)
33 (26)

.005

23 (8)
120 (42)
132 (46)
9 (3)

12 (8)
52 (33)
87 (55)
6 (4)

11 (9)
68 (54)
45 (35)
3 (2)

.004

TABLE 3 Regression Models of Trajectories of MDI Scores (12–36 Months)
Model 1: Intervention Effect
Only
Variable
Early developmental intervention
Age (mo) at assessment (adjusted)
Family resources
Age × intervention
Age × family resources
Intervention × family resources
Age × intervention × family resources

Model 2: Family Resources as
Moderator of Intervention Effect

B (SE)

P

B (SE)

P

−3.67 (2.51)
0.16 (0.05)
0.41 (0.21)
0.22 (0.07)
N/A
N/A
N/A

.144
.002
.049
.002
N/A
N/A
N/A

−11.21 (5.41)
−0.08 (0.10)
−0.23 (0.39)
0.60 (0.15)
0.03 (0.01)
0.94 (0.58)
−0.05 (0.02)

.038
.398
.553
<.001
.006
.102
.002

N = 292. All models adjusted for site, resuscitation status, and all maternal, child, and birth characteristics noted in Table
2, none of which contributed signiﬁcantly in the models.
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Children from high-resource
families in the control condition still
reached a cognitive development
at 36 months of age that was not
different from children from the
same background receiving EDI.
It is possible that parents in these
families are already engaging their
children in stimulating interactions
and providing a rich environment,
so additional training and prompts
do not have an additional impact
on their children’s development.
For example, more highly educated
mothers in the United States talk
more, ask more questions, and use
fewer directives than less educated
mothers,3,39 and at least 1 study
indicates that a similar pattern exists
in low-resource countries.40
FIGURE 1
Model-adjusted mean BSID-II MDI scores by family resources and intervention. Means are adjusted
for intervention, adjusted age, family resources, site, gender, maternal age, education, marital status,
prenatal care, primiparous, vaginal vertex delivery, gestational age, birth weight, birth attendant,
location of birth, 1- and 5-minute Apgar scores, resuscitation, and age × intervention, age × family
resources, intervention × family resources, age × intervention × family resources interactions.

in both models to account for the
possible impact of birth asphyxia
on MDI scores. Resuscitation status
did not have a significant impact on
MDI scores in either model: Model 1
(P = .178) and Model 2 (P = .233). In
the addition, the 3-way interaction
among age, intervention, and family
resources remains significant when
the resuscitated group is removed
(Wald χ2[1] = 12.06, P < .001).

DISCUSSION
Results indicate that a homebased EDI during the first 3 years
of life can substantially decrease
the developmental gap between
children from families with lower
versus higher resources, even among
children in low- to middle-resource
countries and who experience
asphyxia at birth. Whereas children
of low-resource families who did
not receive the EDI experienced
a widening gap in cognitive
development over time than those
in high-resource families, children of

low-resource families who received
36 months of EDI reached similar
levels of cognitive development
as those in high-resource families.
Although already behind in
development at 12 months, children
in low-resource families appeared to
catch up in cognitive development
to become indistinguishable from
those in high-resource families after
2 additional years of receiving EDI.
This is a noteworthy achievement
given the challenges a low-resource
family environment poses for
children’s development, especially
in developing countries,25 which EDI
appears to overcome.
Consistent with expectations,
children from low-resource families
not receiving EDI maintained
a relatively flat developmental
trajectory from 12 to 36 months,
obtaining an MDI ∼0.5 SD below
that of children in high-resource
families who also did not receive
EDI. In contrast, for children in highresource families, EDI did not make a
difference on cognitive development.

We are not aware of studies that
examined the differential impact
of EDI for children in low- versus
high-resource families. Numerous
studies in low-resource countries
have reported beneficial effects from
EDI on the cognitive development
of children in low socioeconomic
families as well as those with
biological risks (see reviews by
Aboud and Yousafzai24; Walker et
al26), but none have examined the
moderating effect of family resources
on developmental outcomes when
children are exposed to EDI. If
replicated, the present findings
suggest that EDI should target
primarily children from low-resource
families, which may result in a
decrease in the developmental gap
otherwise expected between children
in low- versus high-resource families.
Limitations include that the
independent variable of interest,
family resources, was not
experimentally manipulated. Thus,
the primary findings here are
from an observational study. In
addition, children were evaluated
across the first 3 years when
neurodevelopmental assessments
may be less predictive of long-term
outcomes than at later ages. It is
conceivable that larger benefits will
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be observed at school age. Finally,
the findings may not generalize to
high-resource countries, such as the
United States, where family resources
can differ greatly from those in
the low-middle income countries
included in the current study.

CONCLUSIONS
EDI may be beneficial in reducing
the intergenerational transmission
of poverty in low- and middleresource countries. Early cognitive
development predicts later school
outcomes. Nationally representative

studies from many countries
show associations between
family resources and children’s
school enrollment and dropout,
grades attained, and educational
achievement.25 Children who achieve
poorly in school are more likely to
have low incomes in adulthood and
difficulty providing for their own
children,41 resulting in reduced
developmental outcomes in the
next generation. Much evidence
accumulated to date suggests that
EDI should be one of the approaches
used to improve early development
in low- and middle-income countries.
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ABSTRACT
Introduction: Maternal cardiovascular changes in pregnancy are
numerous and increase in double product throughout pregnancy is
the part of the same process. Double product is a cardinal surrogate
of the myocardial oxygen demand and cardiac workload. It is the
product of heart rate and systolic blood pressure and an important
determinant of cardiovascular risk in hypertensive patients.
Aim: This study was intended to determine the double product
by comparing normal individuals with different trimesters of
pregnancy.
Materials and Methods: A cross sectional study was conducted
in 220 healthy women in the age range of 18-35 years with 60
subjects each in 1st, 2nd and 3rd trimesters and 40 non pregnant
subjects as control group. Cardiovascular parameters were
recorded in both the groups. Statistical analysis was done by

comparison of parameters using one-way ANOVA and post-hoc
by Tukey-Krammer test. Correlation of double product and weeks
of pregnancy was done using Pearson’s correlation. Regression
analysis was done to know the predictor of double product.
Results: It was observed that there was statistically very highly
significant increase (p=0.000) in the double product throughout
the pregnancy and duration of pregnancy was found to be the
predictor of the product.
Conclusion: The increase in the double product is due to
increase in heart rate and stroke volume. Double product is the
useful predictor for early identification of preeclampsia and acute
myocardial infarction in pregnant women when compared to normal
non- pregnant women and hence helps in the early management
of complications.

Keywords: Acute myocardial infarction, Diastolic blood pressure,
Heart rate, Myocardial oxygen demand, Systolic blood pressure

Introduction
Pregnancy is the most important and essential physiological
adaptation in the body. Overwhelming changes occur virtually in all
the systems of the body, modifications in the cardiovascular system
are constituent of the same. Systolic and diastolic blood pressures
are found to decrease during second trimester. Cardiac output,
heart rate and stroke volume tend to increase during pregnancy,
thereby reducing the myocardial oxygen demand [1].
Myocardial oxygen consumption is relatively high compared to other
organs. High oxygen consumption by the myocardium is required
for the contraction and relaxation of cardiac muscle. Hence, the
myocardial metabolism and function are closely related [2]. These
adaptations during pregnancy are usually well tolerated by healthy
women. However, there is a threat to those who are with ischemic
heart diseases.
Acute Myocardial Infarction (AMI) is rare in women of child bearing
age. But increase in risk of AMI has been shown from 3-4 fold [3-6].
Recent advances in reproduction and child bearing by older women
are expected to increase the occurrence of AMI [7].
The double (rate-pressure) product (DP) is an increasingly used
surrogate measure of myocardial oxygen demand and cardiac
workload. It is systolic blood pressure (SBP) multiplied by heart
rate (HR). The strong collation of DP with left ventricular mass has
identified it as determinant of cardiovascular risk in hypertensive
patients [8,9].
Fick’s principle is used to persuade the myocardial oxygen con
sumption in human beings, which is an invasive procedure and
cannot be performed routinely. DP calculation by multiplying HR and
SBP is non-invasive predictor of myocardial oxygen consumption
that can be easily used on a larger population [10].
However, there is no previous study on the potential diagnostic use
of the DP in pregnancy in our country. So this study was intended to
20

determine the double product by comparing normal individuals with
different trimesters of pregnancy.

Materials and Methods
The present cross-sectional study was conducted in the Department
of Physiology of a Shri B.M. Patil Medical college and Research
center, Bijapur to determine the cardiovascular changes in 1st, 2nd
& 3rd trimesters of pregnancy and to compare the results with age
matched healthy non pregnant women.

Method of Collection of Data
Study Group comprised of 180 pregnant women in the age group of
18-35 years attending the outpatient department of Obstetrics and
Gynecology of a tertiary care hospital. The study group was further
subdivided into 3 subgroups. Each sub group comprised of 60
women in 1st, 2nd and 3rd trimesters of pregnancy and Control Group
comprised of 40 apparently healthy age matched (18-35 years) non
pregnant women. Apparently healthy subjects were included in the
study. History taking and thorough clinical examination was done
to assess the apparent health status of the subject. Patients with
history of cardiovascular diseases, diabetes mellitus, hypertension,
tobacco consumption, alcohol intake, endocrine disorders, obesity
& moderate to severe anaemia were excluded from the study.
Institutional ethical clearance was obtained. Purpose of the
study was explained to the subjects who had volunteered for the
study. An informed written consent was obtained. A thorough
physical & systemic examination (cardiovascular system) of
each subject was done. Recordings were taken between 9 am
to 12 Noon. The study was conducted from December 2009 to
January 2011.

The following parameters were recorded
Record of Study Parameters: After giving 20mins of rest in supine
position, Blood Pressure (SBP and DBP in mmHg) and ECG were
Journal of Clinical and Diagnostic Research. 2016 Feb, Vol-10(2): CC20-CC22
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Parameters

Group 1
(n=40)
Control

Group 2
(n=60)
1st tri

Group 3
(n=60)
2nd tri

Group 4
(n=60)
3rd tri

p-values

SBP (mmHg)

118.6+4.34

116.3±7.28

109.63±5.53*#

117.6±7.76 ƒ

0.000

DBP (mmHg)

74.0+4.83

74.46 + 6.47

66.8+5.03*

75.9+7.09 ƒ

0.000

HR (b/mins)

75.58+4.17

83.38 + 8.20*

88.26+8.54*#

95.7+6.66*# ƒ

0.000

8998±615.92

9692.8±1114.0*

9626.2±1032.79*

11237±1007.5* ƒ

0.000

DP (mmHg/min)

#

#

[Table/Fig-1]: Blood pressures, heart rates and double products of control and study group subjects.
Data presented are Mean±SD. Analysis of data was done by one-way ANOVA and post-hoc by Tukey- Krammer test. The *depicts comparison with Group 1, # depicts
comparison with group 2, the ƒ depicts comparison with Group 3 *p < 0.05, # p < 0.05, ƒ p < 0.05. Group 1 (Control), Group 2 (1st Trimester), Group 3 (2nd Trimester), Group 4
(3rd Trimester). SBP is the systolic blood pressure, DBP is diastolic blood pressure, HR is heart rate and DP is double product.

recorded. Heart rate was calculated by 1500/R-R interval. The
double product was calculated by multiplying SBP by HR (mmHg/
min).

Statistical analysis
Statistical analysis was done using SPSS 20. Data was analysed
for normal distribution [Table/Fig-1]. Comparison of parameters
was done using one-way ANOVA and post-hoc by Tukey-Krammer
test. Correlation of DP and weeks of pregnancy was done using
Pearson’s correlation. Regression analysis was done to know if
duration of pregnancy is the predictor of DP.

Results
Mean + SD of HR, SBP, DBP and double product was calculated
and compared using one-way ANOVA test and post-hoc by TukeyKrammer test and have been tabulated in [Table/Fig-1]. One-way
analysis of variance showed a significant difference in heart rate,
SBP, DBP and DP between the control group and 1st, 2nd, 3rd
trimesters of pregnancy.
Parameters
Weeks of pregnancy

R2

b

Significance

0.200

0.447

0.000

[Table/Fig-2]: Linear regression analysis model.

[Table/Fig-3]: Data showing normal distribution.

Heart Rate: Although heart rate was in the normal range, it
was significantly higher during different trimesters of pregnancy
compared to the control group. The maximum increase in heart rate
was observed in 3rd trimester.
SBP: In comparison with the control groups there was a slight
decline in SBP in 1st, 2nd and 3rd trimesters of pregnancy with
maximum decline in 2nd trimester.
DBP: In comparison with the control groups there was a decline in
DBP in 1st and 2nd trimester of pregnancy with maximum decline in
2nd trimester.
DP: DP was significantly elevated in all three trimesters with peak
value in 3rd trimester.

Correlation between Weeks of Pregnancy and DP
On Pearson correlation we observed a significant positive correlation
(r = 0.447, p = 0.000) between weeks of pregnancy and DP [Table/
Fig-2].
Linear regression analysis was done to predict the value of DP based
on duration of pregnancy. We observed that duration of pregnancy
was a significant predictor of DP and overall regression model is a
good fit for the data [Table/Fig-3,4].

[Table/Fig-4]: Correlation graph of double or rate pressure product and duration
of pregnancy.

Pregnancy is a normal physiological process. There occur widespread
adaptations in all the systems during pregnancy. The pregnancy
induced changes in the cardiovascular system develop primarily to
meet the increased metabolic demands of mother & fetus.

1st and 3rd trimesters of pregnancy, which was found to be significant
statistically. In the normal course of pregnancy, the blood pressure
during the first few months is similar to that of pre-pregnant women.
In pregnancy there is usually 6-8% drop in SBP with 20-25% drop
in DBP in second trimester. Pressures return to pre-pregnant level
at term. The hormones oestrogen, progesterone, prostacyclins and
prostaglandin E2 act as vasodilating factors thereby reducing the
systemic vascular resistance. In addition decreases in pressures are
also due to arteriovenous shunting in placenta [11]. Our study is in
agreement with the findings of studies by Schier RW and Voss A et
al., [12,13].

Our study revealed reduction in SBP and DBP in the 2nd trimester of
pregnancy compared to control group and also when compared to

Statistically significant increase in the heart rate in all trimesters of
pregnancy as compared to non pregnant women was noticed in our

Regression equation: DP = 8891.89 + 62.809 * weeks of pregnancy.

Discussion

Journal of Clinical and Diagnostic Research. 2016 Feb, Vol-10(2): CC20-CC22
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study. Heart rate increased by approximately 15% in the 5th week.
It increased after 8th week to a maximum of approximately 85-90
beats per minute. There is usually an increase of 10-20 beats per
min of heart rate in the last trimester of pregnancy. The increase in
heart rate may have been prompted to maintain the cardiac output
in a state of relative hypovolaemia [12]. The decrease in the both
parasympathetic tone and vagal baroreflex activity are the mainstay
for increase in heart rate [13]. The increased heart rate recompense
for the fall in the stroke volume resulting from caval compression
[14]. Our study was in agreement with the findings of the study
conducted by Schier RW [12].
There was statistical significant increase in double product in
all trimesters when compared with the control group. The rise
was more noticed in the third trimester. The reason is being an
enhanced stroke volume and heart rate during pregnancy [1] and
also increasing the myocardial oxygen demand.
Oxygen supply to myocardium is decreased during pregnancy due
to reduced diastolic blood pressure and physiological anaemia.
Myocardial oxygen consumption is increased by 3-folds due to
anxiety, pain and contraction of uterus during labour. Above factors
may lead to of myocardial ischemia when coronary blood supply is
compromised [3].
A study by Ayala D et al., identified Rate Pressure product as one of
the cardiovascular risk factor. Their study on hypertensive pregnant
women also showed linear increase in RPP throughout gestation until
34 weeks of pregnancy and found values were significantly elevated
in complicated pregnancies and computed as the results should be
taken into consideration for early identification of preeclampsia in
both normotensive and hypertensive pregnant women [8].

www.jcdr.net

Conclusion
The increase in the double product throughout pregnancy in
all trimesters may be useful predictor for early identification of
preeclampsia and acute myocardial infarction in pregnant women
when compared to normal non- pregnant women. It is the safe and
non- invasive test for determination of myocardial oxygen demand
and hence helpful for early determination of complications and their
management.
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ABSTRACT
Introduction: Non-communicable diseases (NCD) are a clear threat not
only to human health, but also to development and economy. Fatalities
due to chronic non-communicable diseases occur in prime of productive
life. Coronary heart disease such as angina pectoris, myocardial infarction
or sudden death due to coronary thrombosis is well known NCD which is
mainly due to atherosclerosis. Information about the start of an atherosclerotic
process in arterial wall, as well as various stages of atherosclerosis and the
relationship of risk factors is evident from autopsy studies, as living subjects can provide information about lesions when they are quite advanced.
Thus, the information gathered from autopsies in this study will assess the
earliest age at which atherosclerotic process starts to occur and age by
age progression of the process. Methodology: A cross-sectional pathobiology study of atherosclerosis was conducted among 40 apparently normal
individuals within the age group of 30 years who died accidentally were
included in the study (28 males and 12 females; mean age, 22.42 years)
The histopathological report was tabulated and analyzed with respect to
age and life style. Age related progress in atherosclerosis was assessed in
correlation of panniculus fat thickness. Results: The results were based on
macroscopic and microscopic appearance of athero
sclerotic changes.
The earliest age at which microscopic atherosclerotic change was seen
at 7 years of age and the earliest macroscopic changes was seen at
17 years of age. Most of the subjects under 30 years of age showed
fatty streaks, the precursors to develop advanced plaques. Among
the risk factors smoking, obesity, and alcohol consumption surpass
the others. Conclusion: In stratification of risk, and in monitoring the

effects of intervention in obese children with non manifesting clinical
atherosclerotic cardiovascular disease, assessment of the subclinical markers
of atherosclerosis may help in the evaluation of the progression of atherosclerosis. The assignment of a “vascular age,” may be a useful method to
quantify the “end organ” effects of exposure to these various risks. Broad
social, cultural, legislative and policy changes that support healthy lifestyles
within families and communities need to be implemented to decrease the
prevalence of childhood obesity and its cardiovascular consequences in
communities.
Key words: Atherosclerosis, Panniculous fat, Dyslipidemias, Non-communicable diseases, Smoking, Tobacco chewing, Alcohol, Junk food.
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INTRODUCTION
The global battle of non-communicable diseases (NCD) is becoming
more and more furious with continuous rise in the prevalence of NCD,
habits and life style. NCDs are clear threat not only to human health, but
also to development and economy. Over the next 20 years, NCDs will
cost more than US$ 30 trillion, representing 48% of global GDP in 2010,
and pushing millions of people below the poverty line.1 The rise in the
prevalence of NCDs is strongly associated with universal trends such as
ageing, rapid unplanned urbanization and the globalization of unhealthy
lifestyles which has a dramatic impact on productivity and quality of
life. Atherosclerosis is one such NCD whose prevalence is alarmingly
increasing. Atherosclerosis or hardening of the arteries, occurs when fat,
cholesterol, and other lipoid substances accumulate in the walls of arteries
and form hard structure called plaques. With aging, these plaques escalate,
narrow the arteries and make them stiffer. Blockage of blood flow starves
the tissues from oxygen and nutrients and results in tissue damage, eventually leading to clinical endpoints of coronary heart disease, renal and
cerebral ischemia, and peripheral ischemia.
Atherosclerosis starts earlier than one may think and hardening of the
arteries starts earlier than one can estimate. The process of narrowing and
hardening starts early and progresses over decades before complications
arise at a later age. Developing atherosclerosis is often inevitable owing
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to its genetic preponderance. However, behavior and lifestyle choices are
of paramount importance in initiation and progression of atherosclerosis
throughout life. Atherosclerotic process in arteries occurs as a result of
interaction between known and unknown genetic and environmental
factors, the effect on the arterial wall of a particular individual is dependent not only on the genetically determined response to the risk factor
but also the level of risk varies with type, intensity, nature and the duration
of exposure, even among the most homogenous subgroups with the
same age, sex, race, disease, and cause of death.2
Among the risk factors obesity, smoking, and alcohol consumption
surpass the others. Obesity is a positive risk factor for atherosclerotic
lesions and smoking has the greatest effect on the development of
advanced plaques in young adults, approximately 6-fold increased incidence.3 Conclusive evidence has been provided in autopsy studies such as
the Oslo study where in elevated serum cholesterol and increased blood
pressure have been associated with increased atherosclerosis. Thus, it
can be inferred that factors that lead to increased serum cholesterol and
elevated blood pressure accelerate the development of atherosclerosis.
Also, HDL cholesterol is inversely related to coronary atherosclerosis
and probably also to cerebral atherosclerosis. Therefore, factors that
lead to decreased HDL cholesterol can also be implicated in accelerat16
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ing atherosclerosis. Owing to the definitive evidence provided by this
study we can conclude that elevated serum cholesterol, elevated blood
pressure, and lowered HDL cholesterol are factors which accentuate the
atherosclerotic process, and the total risk for an individual varying
depending on the duration of exposure and intensity of each risk factor. 4
Visceral obesity plays a key role in the development of an unfavorable
metabolic and cardiovascular risk profile.5 Fat depot is recognized as a
rich source of free fatty acids and a number of bioactive molecules, such
as adiponectin, resistin, and inflammatory cytokines, which might significantly affect cardiac pathology.6,7
Obesity is usually centripetal in nature. It is not uncommon for centri
petal fat to correlate with the intra-abdominal visceral fat and several
metabolic parameters. Therefore, assessment of centripetal fat could
be a simple and reliable indicator of the amount of adipose tissue and
cardiovascular risk. There is a vast variation in the age of initiation of
habits like smoking and alcoholism among individuals of different environments and generally tends to be during early adulthood and beyond,
however other modifiable risk factors for atherosclerosis such as obesity,
unhealthy eating habits and a sedentary lifestyle are practices which take
root at a ripe young age.
Active smoking, as well as exposure to environmental tobacco smoke has
an impact on the initiation and progression of atherosclerosis. The fact
that pack-years of smoking but not current v/s past smoking was associated with progression of atherosclerosis suggests that some adverse effects
of smoking may be cumulative and irreversible.8
The relation between alcohol consumption and incident hypertension
is still unclear, and most observational studies have not accounted for
socio-economic factors. The consumption of low to moderate amounts
of alcohol also appears to be associated with a higher risk of hypertension
as explained due to atherosclerosis.9
Normally clinicians follow a specific recognition pattern for diagnosing
the disease. As most of the illness has distinctive signs and symptoms
and based on these, further confirmation is done through constellation
of specific laboratory investigation. However, this knowledge or understanding of a disease becomes difficult when the clinical features are
either few, subtle or insufficient to characterize. Information about the
start of an atherosclerotic process in an arterial wall, as well as various
stages of atherosclerosis and the relationship of risk factors to atherosclerotic process is evidence that can only be conclusively derived from
autopsy studies, as living subjects can provide information about lesions
when they are quite advanced. Thus, we have used autopsies to derive
our data. The information gathered from autopsies in this study will
assess the earliest age at which atherosclerotic process starts to occur and
age by age progression of the process.

RESEARCH METHODS AND PROCEDURES
After ethical clearence and written consent from the kith and kin of the
deseased, a cross-sectional study was conducted among 40 apparently
normal individuals, over a period of 1 year who died due to RTA within
the age group of 30 years without any cardiac pathology or other chronic
disease; deaths occurred as a consequence of trauma were included in
the study (28 males and 12 females; mean age, 22.42 years) at Department
of Forensic Medicine and Toxicology, Jawaharlal Nehru Medical College,
Belgaum, Karnataka, India. The intervals between death and refrigeration
of the body, as well as performance of the autopsy, were generally short of
6-8 hours. The autopsy for studies of the Pathobiology of atherosclerosis
was done among the individuals. The inclusion criteria being medico-legal
cases of less-than 30 year of age and both sexes, and exclusion criteria
being known cases of cardiac disorders, dyslipidemias and metabolic
errors, family history of cardiac disorders, dyslipidemias and metabolic
errors.
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The information about personal data, date and time of admission, marital
status, domicile, literacy level, occupation, socio-economic status and
nature of morbidity for which the person was admitted were collected by
the attendants (parents, relatives, and friends). Personal history like
eating habits, smoking, alcoholism and any other addictions were
enquired for and noted. A note on the duration of smoking and alcoholism
was done. The medico-legal records and case sheets were referred for
necessary information about the cause of death.
During the autopsy coronaries, whole of aorta and renal arteries were
dissected out and histopathologically analyzed for presence of athero
sclerosis. The pathologist, blinded to clinical or pathological observations
or demographic data, independently evaluated the arteries by studying
the formalin fixed paraffin embedded sections stained with hematoxylin
and eosin stain. Using procedures developed in the International
Atherosclerosis Project (lAP).10 the extent of intimal surface coated by
fatty streaks, fibrous plaques, and complicated and calcified lesions was
estimated by inspection of the arteries. The sum of the percentages of
surface involved with fibrous plaques, complicated lesions, and calcified
lesions was designated “raised lesions.” Thus the spectrum of atherosclerotic changes in the population was classified macroscopically into
dots, streaks and plaques, and microscopically into Type I to Type VI as
designated by the American Heart Association descriptive morphological
classification. For centripetal or panniculus fat mass determination,
the area subtended was midway between the xiphisternum and pubic
symphysis. The thickness was noted by measuring panniculus adipesus in terms of millimeters between skin and the outer layer of rectus
abdominis muscle with a metallic scale. The histopathological report was
tabulated and analyzed respect to age and life style. Age related progress
in atherosclerosis was assessed in correlation of panniculus fat thickness.

RESULTS
Data collected is allocated into two sets of information
ȤȤ One set of data entails the information based on macroscopic
appearance of atherosclerotic changes (Table 1), the purpose of this
enquiry being to determine how many autopsies in individuals below 30 years of age have yielded the appearance of fatty streaks which
are a prelude to atherosclerotic plaques and the amount of panniculous fat deposition of each individual.
ȤȤ Another set of data provides information regarding the microscopic
appearance of atherosclerotic changes in various arteries, from
which we can determine:
> the blood vessel in which atherosclerotic changes are more
common.
> type or severity of atherosclerosis as per the morphological
classification, American Heart Association
> from the enquiry regarding lifestyle changes we can postulate
which unhealthy habit may have been associated with atherosclerotic process.
According to the data provided (Figure 1),
ȤȤ the earliest age at which macroscopic changes were seen was in the
autopsy conducted in a 17 year old. Fatty streaks are the predominant macroscopic lesions that were present in most of the subjects
under 30 years of age, which are nothing but the precursors to
developing advanced plaques, and the rate of development of
advanced plaques being dependant on the subject’s genetic constitution as well as environmental factors. Presence of fatty streaks in
majority of the subjects’ maybe even suggests that their appearance
is inevitable but their progression is dependent on an amalgamation
of factors.
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Table 1: Macroscopic appearance of atherosclerotic process and its age
wise progression
Age (years)

Lesion
Normal

5

+

6

+

6

+

7

+

16

+

17

+

Thickening

Streaks

17

+

17

+

20

+

20

+

20

+

20

+

21

+

22

+

22

+

23

+

23

Dots

Figure 1: Macroscopic changes in atherosclerotic process
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+

+

+
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+

23

+

24

+

+

24

+

+

25

+

25

+

26

+

26
26

Plaques

Figure 2: Microscopic changes in atherosclerotic process
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+

+

+

27

+

27

+

+

+

+

28

+

29

+

+

29

+

+

+

29

+

+

+

30

+

30

+

+

30

+

+

30

+

30

+

30
30
30

According to the data provided (Figure 2),
ȤȤ Among the 40 autopsies done, type III and Type II atherosclerotic
lesions were the most prevalent, advanced lesions of type IV and V
were seen in a few individuals. Type VI was absent in these sample
of individuals below thirty years of age, and no changes at all were
found in two autopsies of a five and six year old. The earliest age
at which a histological change was found was in a seven year old
(Figure 2).

+
+

+

+
+

+

+

Figure 3: Arterial segments involved in coronary and aortic atherosclerosis

Sample size=40.

ȤȤ atherosclerotic changes that typify under advanced changes as per
the histological evaluation are Types IV, V, VI according to a definition of advanced atherosclerotic lesion provided by American
Heart association. Types I, II, III are the initial fatty streaks and intermediate lesions which are classified as three different types based
on their distinguishing histological features.
18

According to the data provided (Figure 3),
ȤȤ Sample-40 autopsies
ȤȤ RCA-Right coronary Artery
LCA-Left coronary Artery
ȤȤ Root-Root of Aorta 		
AscA-Ascending Aorta
ȤȤ Arch-Arch of Aorta 		
DesA-Descending Aorta
ȤȤ TA-Thoracic Aorta 		
AA-Abdominal Aorta
ȤȤ RA-Renal Artery
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ȤȤ According to the figure shown above, descending aorta was the most
common site for atherosclerotic changes among the 40 autopsies
followed by the arch of aorta.
ȤȤ Among the 40 deaths that occurred, almost every autopsy with the
exception of 3 cases (all below the age seven), had both macroscopic
as well as microscopic atherosclerotic changes. Addictions and
unhealthy eating habits were enquired for from the family members
of these 40 individuals, and we found that unhealthy eating habits
was a common operating factor among the majority, possibly contributing to the early initiation of atherosclerotic process. The earliest
microscopic changes in the wall of the arteries were found in a seven
year old, and the earliest macroscopic changes in a seventeen year
old, also suggesting that microscopic deterioration starts occurring
much before it even presents as a significant macroscopic lesion and
even more earlier before it presents as a clinical condition.

Figure 4: Distribution of subjects in relation to habits

Figure 6: Dots and streaks in descending aorta

Figure 7: Plaques in descending aorta

As per the Figure 4 the habits and life style of the cases were noted.
ȤȤ Junk food and unhealthy eating habits-36 individuals (90%)
ȤȤ Smoking-8 individuals (20%)
ȤȤ Alcohol consumption-6 individuals (15%)
ȤȤ Tobacco chewing-4 individuals (10%)
ȤȤ Including those individuals who practice more than one of these
habits.

Figure 8: Type 2 atherosclerosis (100x, H and E stain)

Figure 5: Relation between severity of atherosclerosis and panniculous fat

ȤȤ The above graph (Figure 5) shows that there is in fact a positive correlation between the panniculous fat and severity of atherosclerosis.
With the increase in panniculous fat, there is an increase in the type
or severity of atherosclerosis. There are however a few exceptions, as
in subjects who even with a small amount of panniculous fat have
type IV or V atherosclerosis, probably due to their genetic constitution or unhealthy lifestyle causing the progression of atherosclerotic
process to be augmented.
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Figure 9: Type 3 atherosclerosis (100x, H and E stain)
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Figure 10: Type 5 atherosclerosis, Fibroatheroma (100x, H and E stain)

DISCUSSION
Atherosclerosis of the aorta has become a universal phenomenon due to a
conglomeration of numerous risk factors operating from ones childhood.
The common risk factors attributed to this disease process are tobacco smoking,
diabetes mellitus, hypertension, hypercholesterolemia, obesity, and sedentary lifestyle.11 Age of onset of atherosclerosis and its progression correlates positively with the duration of exposure and age of initiation of habits,
contributing to an unhealthy life style. Global burden of this non-communicable disease is 63% of all deaths worldwide currently.1 Atherosclerosis
remains the major cause of death and premature disability in developed
societies and moreover, current predictions estimate that by the year 2020
cardiovascular diseases, notably atherosclerosis, will become the leading
global cause of total disease burden. Although many generalized or systemic
risk factors predispose to its development, atherosclerosis affects various
regions of the circulation preferentially and yields distinct clinical manifestations depending on the particular circulatory bed affected. Atherosclerosis
of the coronary arteries commonly leads to myocardial infarction and angina
pectoris. Atherosclerosis of the arteries supplying the central nervous system
frequently provokes strokes and transient cerebral ischemia. In the peripheral
circulation, atherosclerosis causes intermittent claudication and gangrene
and can jeopardize the viability of the limb itself. Involvement of the splanchnic
circulation can lead to mesenteric ischemia. Atherosclerosis can affect the
kidneys either directly by involving the renal vessels (e.g., renal artery stenosis)
or as a frequent site of atheroembolic disease.12
Childhood obesity has got lifetime cardiovascular risk. An increase
in the incidence of coronary artery disease, as well as an earlier age of onset is expected in these children at a later age. Consequences of obesity,
such as dyslipidemia, insulin resistance syndrome, hypertension,
associated nutritional deficiencies, and a sedentary lifestyle or associated lifestyle factors such as tobacco smoke exposure, are likely to account
for this increase because these are all independent risk factors for
accelerated atherosclerosis.13 Risk factors like high cholesterol or blood
pressure, smoking, and diabetes are the fundamental causes prevailing
in causing damage to the endothelium, and damage, which cannot be
detected with routinely used tests. Endothelial disruption causes endo
thelial dysfunction. The endothelium actively works to keep arteries
free from plaques or clots. Healthy endothelium means healthy arteries.
Impaired endothelium is a “canary in the coal mine,” signaling that
atherosclerosis is likely to develop. The fatty streaks (Figure 6) are
the earliest form of atherosclerosis; these are cholesterol deposits in
the walls of arteries. Virtually, in every individual fatty streak starts
developing in early life. In our autopsy based analysis, among the 40
autopsies conducted the earliest age at which microscopic changes
20

of atherosclerotic process were seen at 7 years of age and the earliest macroscopic changes were seen at 17 years of age. The severity of
atherosclerosis was designated based upon the microscopic changes
(Figure 8, 9, and 10) that were seen in the arterial wall and was typified as per American Heart Association morphological classification
for atherosclerosis, which includes type I-VI and type I being the least
severe and type VI being the most severe. Type III (Figure 9) was the predominant type found among the autopsies and ascending aorta was the
most common site of lesion in majority. We were also able to determine that
among the subject’s unhealthy eating habits were the premiere and most
common practice that could possibly be attributed to the initiation and
progression of the atherosclerotic process. Risk factors, lifestyle choices,
and genetic factors are amalgamation of factors which cause fatty streaks
to grow further, becoming atherosclerotic plaques. The plaques are continued cholesterol deposits in artery walls, thus fatty streaks are quintes
sentially nothing but predecessors of atherosclerotic plaques, whose
rate of growth is dependent on numerous factors stated above. Plaques
represent “true” atherosclerosis. Fatty streaks turn into fibroatheromas
and advanced plaques are sometimes complicated by hemorrhage, calci
fication, ulceration and thrombosis resulting in myocardial ischemia
and even cerebrovascular accidents. The present study describes the risk
involved by assessing centripetal fat and correlation with the atherosclerotic changes in aorta within the age group of 30 years. In terms of age by
age analysis of atherosclerosis, the process of atherosclerosis may begin
as early as infancy. Studies of premature babies show that fatty streaks
develop even before birth. Babies whose mothers had high cholesterol
had more prominent fatty streaks. Similar features were found in other
studies involving children younger than 13. Fatty streaks began to look
more like atherosclerosis in older children, especially kids with obesity
or higher cholesterol. For many of us, these fatty streaks have progressed
to mild atherosclerosis even before we turn 20. In a study that looked
inside young people’s arteries with ultrasound, the arteries of 17%
of teenagers had small plaques of atherosclerosis.12 As stated by Wissler
et al14 “the results of the (PDAY) study reflect the state of atherosclerosis
development in young people living in the U.S.A. late in the 20th century.” Among the many important findings reported, the following were
the significant observations.
1. All U.S. teenagers sampled had fatty streaks in some segment of their
arterial system.
2. Intermediate lesions (fatty plaques) developed from fatty streaks in
the aorta and coronary with wide age variation but the extent of the
lesions increased steadily from 15 to 34 years, as measured in 5-year
age-group intervals.
3. Raised lesions were detected earlier in the aorta than in coronary
arteries; lesions containing lipids were present in the aorta of 15-to
20-year-old individuals.
4. The presence of coronary artery lesions having concentric microarchitecture and a large number of inflammatory cells was correlated
with the presence of circulating immune complexes.
5. Obesity was a positive risk factor for the development of vascular
lesions.
6. Raised lesions in the abdominal aorta were greatly increased in smokers
in the 25–34 age group.
7. Smoking and hypertension had the greatest effect on the development
of advanced plaques in young adults (approximately 6-fold and 4-fold
increased incidence, respectively).
8. Ten percent of the individuals in this study had advanced atherosclerosis consisting of plaques with necrotic fat-filled centers and fibrous
caps. Approximately 80% of these individuals were smokers.
Journal of Cardiovascular Disease Research, Vol 7, Issue 1, Jan-Mar, 2016
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It is debatable whether the presence of fatty streaks in individuals 15 to
34 years of age has pathogenetic importance for the development of
atherosclerosis. However, it is truly alarming that 10% of individuals in
this age group had advanced atherosclerosis. There is no reason to
believe there was a bias in the selection of cases for study. Indeed, I agree
with Wissler et al that the PDAY cases represent a random sample of
U.S. youth. Do all individuals with advanced lesions have gene mutations
known to predispose one to atherosclerosis? Answers to this question
and many others still remain uncertain and undetermined. The material
used in the PDAY project is available to the scientific community
through the administrative center at Louisiana State University. I hope
that publication of the paper by Wissler et al will further increase the use
of this material for scientific investigation of the causes and progression
of atherosclerosis. Although not completely explained, the remarkable
differences in the development of lower abdominal aortic atherosclerosis
compared to the thoracic involvement are strikingly demonstrated by the
results of the recently published study of Miller et al.15 They revealed
that young women had more extensive fatty streaks in the abdominal
aorta and the young men had more fatty streaks in the thoracic aorta.
Also, Male subjects had more extensive lesion distribution and a higher
prevalence of raised lesions in the right coronary artery than did female
subjects.16,17,18
The unique sampling strategy resulted from the demonstration by
Cornhill, Herderick, and Stary, that there is a disctinctive pattern in
human descending aortic lesion development. This explains the remarkable
contrasts which are evident between the extent of lesion development in
the lower abdominal aorta and the thoracic aorta where lesions rarely
progress substantially in this 20-year period. Similarly, this study led to
a sampling strategy in which the lesions of the ventral and dorsal areas
of the aorta could be quantified separately because their study confirmed
that progression of lesions and the development of raised fatty plaques
are more or less limited to the dorsal parts of the aorta.19
Important Prevention Procedures for the Pediatrician and the Primary
Care Physician Derived from PDAY Observations; This research program
is far from complete and is likely to yield many more publishable contributions to our understanding of the development of atherosclerosis
during youth. Nevertheless, the results thus far have produced a number
of important guidelines that can support national and international
efforts to prevent the development of coronary heart disease starting
with young people in their mid-to late teens. These efforts include:
1.
2.

3.
4.

5.

Increased organized efforts to prevent smoking among children and
adolescents and to prevent and overcome addiction to tobacco;
speeded-up development of programs to systematically check
for serum hypercholesterolemia and low HDL cholesterol levels in
people as young as their late teens;
expanded efforts to prevent and treat obesity and to encourage and
support organized exercise for young people;
increased support for research on atherogenic genetic traits to
develop practical ways to identify and to reveal the mechanisms by
which these factors influence atherogenesis, including the special
augmenting effects of Lp(a) and homocysteine on the artery walls;
intensified efforts to identify and control hypertension in youth;
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6.
7.

encouragement of effective testing for a tendency toward hyperglycemia and glucose intolerance in young people; and
greater vigilance and sensitivity to the evidence indicating that
disorders with sustained circulating immune complexes or with
frequent hyperstimulation of the release of vasoactive amines may
constitute important accelerating influences on atherogenesis.

It is also the responsibility of the entire biomedical scientific community
to encourage and support the development of new noninvasive methods
to identify, measure, and evaluate the developing plaque components
in the coronary artery wall and abdominal aorta of young people even
when lesions are at the intermediate plaque stage.
Value of the PDAY Study for the Anatomical Pathologist and Forensic
Pathologist; The PDAY Research Program demonstrates the value of
the autopsy as a powerful research tool and establishes forensic centers
as valuable generators of research data and the forensic pathologist as
an important medical research scientist. This is particularly true if one
wishes to obtain accurate and much needed information about the development of our most important and most serious disease processes, such
as cardiovascular disease.
In our society, these external forces often represent the most frequent
causes of death among our young people. Studying the arteries of 3000 of
these individuals can give us a reflection of the risk factors at work in the
development of our country’s number one killer, atherosclerosis, which
is responsible for most fatal heart attacks and strokes: two clinical events
which, combined, cause more fatalities in our population than any other
serious disease.

CONCLUSION
Because clinical atherosclerotic cardiovascular disease does not manifest
in obese children, assessment of the subclinical markers of atherosclerosis may help in the evaluation of the progression of atherosclerosis,
in further stratification of risk, and in monitoring the effects of intervention. Furthermore, because multiple risk factors with poorly understood
interplay might be present in obese children and younger age group,
assessment of the vasculature directly, and perhaps the assignment of a
“vascular age,” may be a useful method to quantify the “end organ” effects
of exposure to these various risks. Broad social, cultural, legislative
and policy changes that support healthy lifestyles within families and
communities need to be implemented to decrease the prevalence of
childhood obesity and its cardiovascular consequences in communities.
The effect of risk factor modification on the vasculature will continue
to be a resource for the direction of evidence-based therapy in obese
children.
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Abstract:
Cryptogenic Multifocal Ulcerous Stenosing Enteritis
(CMUSE) is a rare idiopathic disease of the small
bowel. Its origin and pathophysiology has not been
well described. Clinicopathologic features include
unexplained ileal strictures with supercial ulceration.
We present a case of a 31-year-old HIV positive lady
who was admitted with complaints of recurrent
abdominal pain and constipation. Laboratory
investigations revealed iron deciency anemia.
Ultrasonography of the abdomen showed dilated
bowel loops and a subsequent barium follow through
showed ve strictures in the ileum. Segmental small
bowel resection with end-to-end anastomosis was
performed. Grossly ileum showed ve ileal strictures.
The diagnosis of CMUSE was made on histopathology
after ruling out other causes of strictures. The present
case highlights the importance of considering CMUSE
in patients with chronic or recurrent episodes of
intestinal obstruction with multiple small intestinal
ulcers and strictures after other common causes have
been ruled out.
Keywords: Cryptogenic Multifocal Ulcerous
Stenosing Enteritis, Small Intestine Strictures, Ileum

Introduction:
Small bowel obstruction can be a result of much
pathology, the most common ones being
adhesions, hernias, strictures and tumors. One of
the rarest causes is Cryptogenic Multifocal
c

Ulcerous Stenosing Enteritis (CMUSE). CMUSE
is characterized by intermittent episodesof smallintestinal obstruction which is caused by benign
non granulomatous ulceratedstenosis. CMUSE
has been reported to localize in the jejunum or
proximal ileum and is associated with shallow,
rather than deep transmural ulcerations [1]. The
location of the ulcers and the absence of any
associated granulomatous inammatory changes
in resected bowel can differentiate it from Crohn's
disease, tuberculosis etc.
Case Report:
A 31 year old HIV positive lady with history of
diabetes on insulin presented with complaints of
intermittent colicky abdominal pain with on and
off vomiting and constipation for the past two
years. There was no history of blood in stools,
chemotherapy or radiation.
Abdominal examination showed distension of
abdomen with tenderness over the right iliac and
lumbar region. Abdominal x-ray showed multiple
air uid levels in the centre of abdomen (Fig. 1).
Ultrasonography of the abdomen revealed dilated
bowel loops. Barium meals follow through
showed ve strictures in the ileum. She was clinically diagnosed as a case of subacute intestinal
obstruction and was treated symptomatically on
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multiple hospital admissions. However the exact
cause of the obstruction could not be established.
She was empirically treated with anti-tubercular
drugs two years ago with no improvement in
symptoms. Hematological investigation revealed
microcytic hypochromic anemia (Hb-10.8 gm %).
The other biochemical investigations were within
normal limits.
Exploratory laparotomy was performed for small
bowel segmental resection with end-to-end
anastomosis. Intraoperative and postoperative
course was uneventful.
Grossly, the resected specimen of ileum measured
73 cms and showed ve strictures. Cut section
showed thickened rm transverse strictures with
small ulcerations. Rest of the mucosa appeared
normal (Fig. 2). Histological sections from the
strictured area revealed supercial ulceration of
mucosa. The muscularis mucosa was thinned out
and the submucosa showed dense brocollagenous tissue (Fig. 3). There was diffuse mixed
inammatory inltrate in the mucosa, lamina
propria and sparse inltrate in muscularis and
subserosa. Few of the blood vessels showed
features of vasculitis. The common causes for
strictures like tuberculosis and Crohn's disease
were ruled out because of the absence of any
granulomatous lesions. Periodic Schiff stain,
Gram's stain, Giemsa stain and Zeihl Neelson
(ZN) stain were performed to rule out tuberculosis, fungi and other microorganisms. There
was no evidence of villous atrophy or any viral
inclusions. Thus, a diagnosis of Cryptogenic
Multifocal Ulcerous Stenosing Enteritis
(CMUSE) was offered.
c

Fig. 1: X-Ray showing Multiple Air Fluid
Levels

Fig. 2: Cut Section of the Ileum Showing
Stricture (Arrow)

Fig. 3: Mucosa of the Ileum shows Supercial
Ulceration (Arrow) and Submucosa Shows
Increased Fibrocollagenous Tissue,
(H & E stain, x40)
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Discussion:
CMUSE was rst described by Debray et al in
1964 [2]. It is a poorly understood entity of the
jejunum and ileum characterized by the presence
of multiple small intestinal strictures that often
require surgical intervention or therapy with
steroids (or both). No association with any of the
other forms of inammatory bowel disease has
been reported [3]. Only about fty cases of
CMUSE have been published so far, although this
entity is probably misdiagnosed, mostly with
Crohn's disease and Non-Steroidal AntiInammatory Drugs (NSAIDs) induced
enteropathy [4].
The origin and pathophysiology of this entity has
not been well described. However, Brooke et al.
identied mutations in PLA2G4A as a cause of
CMUSE in two of the affected siblings [3].
Vasculopathy has also been suggested as the cause
of CMUSE. Perlemuter reported 17 cases in
France where he suggested that CMUSE could be
related to vasculitis [5]. Chang et al classied
CMUSE into CMUSE-I (idiopathic) and
CMUSE-V (vasculitis-related) suggesting that all
the cases may not be associated with vasculitis.
The present case infact didshow features of
vasculitis. Some authors have suggested that the
overstimulated brous tissue and disturbance of
collagen degradation could play a role in
pathogenesis of CMUSE. Fibroblast proliferation
can be augmented by pro-inammatory cytokines
(IL-6, IL-8, TNF-alpha), granulocyte /
macrophage colony-stimulating factor (GMCSF), broblast growth factors (FGS II), plateletderived growth factor (PDGF) and transforming
c
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growth factor beta (TGF-beta) [4, 6]. Fraile et al.
diagnosed CMUSE in a man with a diagnosis of
X-linked reticulate pigmentary disorder [7].
CMUSE typically has a relapsing clinical course
even after surgery [2]. Matsumoto from Japan
reported 12 cases where he described chronic
intestinal bleeding, anemia and ulcers in the
intestine with the tendency to stenose as the
predominant features [8]. The diagnosis of
CMUSE should be considered after ruling out
other differentials such as Crohn's disease
involving the small intestine, lymphoma
(especially invading the mucosa only), infections
(including Tuberculosis, CMV), drug-induced
small bowel disease, traumatic injury, and
ischemic ulcers as these diseases have similar
clinical and radiological presentation [9]. When
compared with Crohn's disease, CMUSE is not
associated with any clinical and laboratory feature
of systemic inammation. Crohn's disease shows
transmural ulceration and non caseating
granulomas whereas in CMUSE the ulcers are
localized to the mucosa and sub mucosa as was
seen in the present case [10]. The mucosa on both
sides of the ulcer was normal and there was no
villous atrophy which ruled out any malabsorption syndrome. NSAID induced enteropathy
was ruled out as there was no history of long term
intake of NSAIDs. Absence of caseating
granulomas and negative ZN stain ruled out
tuberculosis as the cause.
CMUSE remains as a diagnosis of exclusion as
there are no specic laboratory tests to diagnose
CMUSE. The treatment of CMUSE is symptomatic and it responds to glucocorticoids, but can
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result in dependence. In patients with mechanical
intestinal obstruction who do not respond to
medical treatment, surgery is the treatment of
choice [10]. Nowadays, they have even been
treated endoscopically by means of double
balloon enteroscopy [4]. The prognosis remains
poorly understood and it has a propensity to recur
even after surgery. So, the patient should be
followed up closely [10].

Amandeep Kaur et. al.

Conclusion:
Although CMUSE is a rare cause of small
intestine obstruction, it should be considered in
cases of chronic or relapsing episodes of small
intestinal obstruction resulting from multiple
small intestinal strictures and multiple shallow
ulcers. However, other causes of small intestinal
strictures should rst be ruled out before
considering the diagnosis of CMUSE.
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A comparative evaluation of antibacterial effectiveness
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ABSTRACT
Context: In endodontics, most of the commercial
intra-canal medicaments have cytotoxic reactions
and because of their inability to eliminate bacteria
from dentinal tubules, recent medicine has turned
its attention to the usage of biologic medication
prepared from natural plants. The literature to testify
the efficacy of natural alternatives in primary teeth
is meagre and its effects as irrigating solutions need
to be evaluated. Aim: To evaluate the antibacterial
effectiveness of sodium hypochlorite, ethanolic
extracts of Curcuma longa (turmeric) and Camellia
sinensis (green tea) as irrigating solutions against
the anaerobic bacteria isolated from the root canals
of infected primary teeth. Materials and Methods:
Thirty patients were selected based on the selected
inclusion and exclusion criteria. Preoperative
radiographs were taken. Rubber dam isolation
and working length estimation were done,
following which thirty samples were taken from
the root canals of infected primary teeth using
sterile absorbent paper points and transferred to
tubes containing thioglycolate transport medium.
The bacteria were then isolated using standard
microbiological protocols and were subjected to
antibiotic sensitivity testing using the three test
irrigants. Statistical Analysis: SPSS 18 software
using Chi-square test was used for statistical
analysis. Results: The most commonly isolated
bacteria included Porphyromonas sp., Bacteroides
fragilis, Peptostreptococcus, and Staphylococcus aureus.
Sodium hypochlorite and C. longa (turmeric) showed
good antibacterial effect and were effective against
most of the isolated bacteria. There was statistically
significant difference in the antibacterial effect
among the three tested groups (P < 0.001). The least
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effective was C. sinensis (green tea). Conclusion:
The infected primary teeth almost always present
with a polymicrobial structure with a wide variety
of anaerobic bacteria. The chemo-mechanical
preparation plays an important role in eradicating
the population of predominant micro-organisms in
treating these teeth with promising effects with the
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use of newer test irrigants while avoiding the side
effects of sodium hypochlorite.

KEYWORDS: Anaerobic, bacteria, Camellia sinensis,
Curcuma longa, irrigation, sodium hypochlorite

Introduction
The unique histological characteristics of the primary
teeth and its interactions with the oral cavity present an
interesting challenge to treat its diseases and associated
conditions, unlike the permanent teeth. The abundance
of accessory and lateral canals, easy communication of
the pulp with the furcal region due to highly porous
inter-radicular dentin at the pulpal floor, ample of
medullary bone spaces, and its association with
the delicate developing permanent tooth bud are
the critical areas in determining a successful pulpal
treatment, especially in cases with necrotic pulps, teeth
with abscesses, and/or with draining sinus tracts.[1,2]
Belanger[3] mentioned that an intact primary tooth
gets adequately disinfected and a restored natural
tooth acts as a best space maintainer than any artificial
appliance. Due to these reasons, much importance is
given to chemical cleaning and disinfection of canals as
opposed to thorough mechanical shaping of the canals.
The pathway of progression of the infection and the
ecology of infecting micro-organisms are different in
the deciduous dentition as compared to the permanent
dentition.[4] Hence, for complete elimination of
infection, irrigation is an important step for the success
of pulpectomy.[1]
In endodontics, most of the commercial intra-canal
medicaments such as sodium hypochlorite and
hydrogen peroxide cause cytotoxic reactions, have side
effects, unpleasant taste, foul smell, allergic potential,
and because of their inability to eliminate bacteria
from dentinal tubules, recent medicine has turned its
attention to the usage of biologic medication prepared
from natural plants.[5] Hence, an impending need is
upon the fraternity of dentistry to find alternatives to
which it can best adapt to primary tooth physiology
with maximum clinical benefit and minimum
unwanted side effects.
The literature to testify the efficacy of various natural
alternatives has been obtained for the permanent
dentition. However, their use in primary teeth and
its effects as irrigating solutions needs to be further
evaluated. Hence, in this study, an attempt has been
made to compare the antibacterial effect of turmeric
and green tea extracts against the anaerobic bacteria
isolated from infected primary teeth.

Materials and Methods
The following materials were used in the study:
166

Twenty percent ethanolic extract of Curcuma longa,
20% ethanolic extract of Camellia sinensis, 3% sodium
hypochlorite, micro-organisms isolated from the root
canals of the infected primary teeth, Whatman No. 1
filter paper sensitivity discs, thioglycolate transport
media tubes (2 ml Borosil), 5% sheep blood agar,
anaerobic jar, anaerobic catalyst, vacuum suction,
platinum loop, etc.
The study was conducted in the Department of
Pediatric and Preventive Dentistry. Ethical clearance
for the study was obtained from the Ethical Committee
of the institution prior to the start of the study. Thirty
samples were taken from the root canals of infected
primary teeth. Parental consent and child’s assent were
obtained after explaining them the entire procedure
before taking the samples. The cases were selected
based on standard inclusion and exclusion criteria.[6]

Inclusion criteria

1. Patient aged 3-10 years.
2. Primary teeth with necrotic pulp, chronic abscess,
and/or sinus tract.
3. Compliant patients.

Exclusion criteria

1. Teeth with more than two-third loss of root
structure/evidence of root resorption and/or
mobility.
2. Teeth with antibiotic usage for systemic diseases in
past 4 weeks.
3. Patient with systemic diseases.
4. Unco-operative patients.
5. Patients who were not willing to accept proposed
treatment plan and/or participate in the study.

Preparation of ethanolic extract of Curcuma longa

Turmeric (C. longa) rhizomes were obtained and cut into
irregular pieces and dried in an oven at a temperature
of 45°C ± 5°C for a period of 24 h till completely
moisture-free and then were ground to form a fine
powder. Powdered spices were soaked in 200 ml of
95% ethanol and kept at room temperature, macerated
for 7 days, and were filtered. The filtrate was heated at
40-50°C using water baths till the ethanol evaporated
and until thick paste was formed. The thick paste was
considered as 100% concentration of extract [Figure 1].
These extracts were stored at 4°C in refrigerator.

Preparation of ethanolic extract of Camellia sinensis

Dried green tea leaves were obtained and ground
into powder form. About 20 mg/ml concentration of
ethanolic extract was obtained by boiling the leaves
in 95% ethanol for 40-50 min following the similar
procedure as mentioned above [Figure 1].

Clinical procedure

After administering local anesthesia using 2%
lignocaine with 1:80,000 adrenaline, rubber dam

Journal of Indian Society of Pedodontics and Preventive Dentistry | Apr-Jun 2016 | Vol 34 | Issue 2 |

[Downloaded free from http://www.jisppd.com on Monday, July 13, 2020, IP: 182.48.228.10]

Dhariwal, et al.: Antibacterial effectiveness of irrigating solutions used in primary teeth

isolation was done. A standard access cavity
preparation was made and working length estimation
was done. Three absorbent points were taken into the
canal till the apex per canal [Figure 2] and were held
there till 30 s, each one following another. They were
then removed from the canals and transferred directly
into a tube containing thioglycolate broth.[6] This tube
was processed within 30 min of sample collection
according to the standard microbiological protocol
where growth was checked every 24 h [Figure 3].
Strains were identified based on Gram staining
and classified by colony morphology and oxygen
tolerance.
All isolated microbial strains were subjected to
antibiotic sensitivity testing [Figure 4] using disc
diffusion method on agar plates. The isolated microorganisms were then tested against the three irrigants
used in the study [Figure 5]. The sensitivity or resistance
of the isolated bacteria was determined.

Results
There were ten different strains of bacteria isolated from
the samples. These micro-organisms were divided into
four different groups based on whether Gram-positive
or Gram-negative, facultative or obligatory anaerobes,
cocci or Bacilli.
Each isolated micro-organism was tested against
all the three irrigants that were freshly dispensed.
It was observed that sodium hypochlorite and C.
longa (turmeric) showed 84.6% sensitivity whereas
C. sinensis (green tea) was resistant in 82.05% cases
[Table 1]. The observation of Table 1 shows that there
is statistically significant difference in the three groups
(P < 0.001) using the Chi-square test. The intergroup
comparisons done using Chi-square tests state that
there is statistically significant difference between
NaOCl and green tea, turmeric and green tea, but
there was no significant difference between NaOCl
and turmeric groups [Tables 2-4].
The most sensitive micro-organisms were the obligatory
anaerobes such as Bacteroides fragilis, Porphyromonas

Figure 1: Ethanolic extract of Curcuma longa (turmeric) and Camellia
sinensis (Green tea)
Figure 2: Absorbent paper points in the canal

Figure 3: Primary growth obtained after 48 h of incubation in
anaerobic jar

Figure 4: Identification of bacteria by antibiotic sensitivity testing
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gingivalis, and Prevotella intermedia, which were
most commonly isolated. In addition, the facultative
anaerobes such as Peptostreptoccci, Enterococcus faecalis,
and Streptococci groups showed good antibacterial
susceptibility against NaOCl and turmeric [Table 5].

The Graphs 1 and 2 show the overall effect of the
cocci and Bacilli against the test irrigants. Sodium
hypochlorite and turmeric are equally effective while
green tea showed resistance in maximum cases.

Discussion
Primary teeth serve an important function in the
growth and development of a child because they
prepare the child for assimilation of food. They also
have an important role in the maintenance of space
for the permanent teeth along with the stimulation of
jaw growth.[7] Dental caries is one of the most common
reasons for the early loss of tooth. In this process, the oral
microflora plays a very crucial role. The colonization of
the bacteria along with the other contributing factors
is responsible for the progression of caries leading to
Table 1: Overall comparison of all three
irrigants using Chi-square test

Figure 5: Determination of sensitivity of isolated bacteria against
test chemicals

Irrigants
NaOCl (%)
Turmeric (%)
Green tea (%)
Total

U

P

49.420

<0.001*

Antibacterial sensitivity Total
Resistant
6 (15.40)
6 (15.40)
32 (82.05)
44

Sensitive
33 (84.60)
33 (84.60)
7 (18)
73

39
39
39
117

*Statistically significant

Table 2: Comparison between sodium
hypochlorite and turmeric irrigants using
Chi-square test
Irrigants

Antibacterial sensitivity

NaOCl (%)
Turmeric (%)
Total

Resistant
6 (15.40)
6 (15.40)
12

Total

U

P

39
39
78

760

0.1^

Sensitive
33 (84.60)
33 (84.60)
66

Statistically insignificant

^

Graph 1: Graphical representation of overall intergroup comparison
of the three irrigants against the Bacilli

Table 3: Comparison between sodium
hypochlorite and green tea irrigants using
Chi-square test
Irrigants
NaOCl (%)
Green tea (%)
Total

Antibacterial sensitivity Total
Resistant
6 (15.38)
32 (82.05)
38

Sensitive
33 (84.60)
7 (18)
40

39
39
78

U

P

253.50 <0.001*

*Statistically significant

Table 4: Comparison between turmeric
and green tea irrigants using Chi-square test
Irrigants

Graph 2: Graphical representation of overall intergroup comparison
of the three irrigants against the cocci

168

Turmeric (%)
Green tea (%)
Total

Antibacterial sensitivity Total
Resistant
6 (15.38)
32 (82.05)
38

Sensitive
33 (84.60)
7 (18)
40

39
39
78

U

P

253.50 <0.001*

*Statistically significant
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Table 5: The antimicrobial susceptibility of the individual isolated anaerobic micro-organisms against
sodium hypochlorite, turmeric, and green tea
Organisms isolated
Bacteroides fragilis
Enterococcus faecalis
Fusobacterium sp.
Peptostreptococcus
Prevotella intermedia
Porphyromonas sp.
Staphylococcus aureus
Streptococcus pyogenes
Streptococcus mutans
Biophilia
Total (39)

NaOCl
Resistant
1
0
0
1
1
2
0
0
0
1
6

Turmeric
Sensitive
7
3
1
4
3
6
5
2
2
0
33

pulpal inflammation, infection, swelling, abscesses,
etc. For this reason, the identification of the oral
microbiota found in the primary teeth is important.[8] If
the collateral circulation is inadequate, in the necrotic
pulpal area, the usual clearing process and the immune
mechanisms of the body get hampered thus healing
does not take place. The transformation of the root
canal into a “refuge” for micro-organisms and their byproducts occurs, along with the degeneration products
of micro-organisms and the pulpal tissues.[9]
In the present study, it was observed that the most
predominant organisms isolated from the infected,
abscessed primary teeth were the black-pigmented
colonies of obligatory anaerobic Bacilli such as
P. intermedia, Porphyromonas species, Bacteroides
species, and Fusobacterium species followed by the
obligatory Gram-positive cocci Peptostreptococcus
species. Facultative Gram-positive anaerobic cocci
such as Streptococcus mutans, Streptococcus pyogenes,
E. faecalis, and Staphylococcus aureus were also found
but were comparatively less in number. Various
studies have stated that in pulpitis and dentoalveolar
abscesses, predominant organisms found were in
accordance with this study.[10,11] In human deciduous
root canals with necrotic pulp and periapical lesions,
the infection is polymicrobial with a large number of
micro-organisms and a predominance of streptococci
and black-pigmented Bacilli.[11] The results obtained
by Cogulu et al. were contrasting to our study where
E. faecalis and Treponema denticola were isolated only in
a limited number of cases.[12]
The method used for antibacterial susceptibility testing
was the agar disk diffusion method. It is one of the
most convenient, cost-effective, and practical methods,
which is well standardized.[13]
The antimicrobial effectiveness of sodium hypochlorite
has similarity to the mechanism of action of calcium
hydroxide based on its high pH (hydroxyl ions
action). The high pH causes an irreversible enzymatic
inhibition by interfering with the cytoplasmic

Resistant
1
0
0
0
1
3
1
0
0
0
6

Green tea
Sensitive
7
3
1
5
3
5
4
2
2
1
33

Resistant
8
3
1
2
4
8
3
1
1
1
32

Sensitive
0
0
0
3
0
0
2
1
1
0
7

membrane integrity, biosynthetic alterations in
cellular metabolism, and phospholipid degradation in
lipidic peroxidation. The amino acid chloramination
reaction forming chloramines interferes with cellular
metabolism and oxidation that promotes irreversible
bacterial enzymatic inhibition thus replacing hydrogen
with chlorine. Thus, sodium hypochlorite presents
antimicrobial activity with its action on essential
enzymatic sites promoting irreversible inactivation
originated by hydroxyl ions and chloramination
action. The saponification reaction verifies the ability
of sodium hypochlorite to dissolve organic tissue
when sodium hypochlorite degrades fatty acids and
lipids resulting in soap and glycerol formation.[14]
Sodium hypochlorite preparations are virucidal and
sporicidal and show a far greater tissue dissolving
effects on necrotic than on vital tissues.[15] Other than the
effect on various tissues and allergic reactions caused,
complications occur if it extrudes the root canal apex.
A severe acute inflammatory reaction of the tissues can
occur with a rapid tissue swelling both intraorally and
extraorally extending to the skin and subcutaneous
tissues. Edematous, hemorrhagic, or both kinds of
swelling can occur and can extend in the region beyond
than that expected with an acutely infected tooth.[16]
Exactly, the mechanism of NaOCl to destroy
micro-organisms has never been demonstrated
experimentally. The disinfecting efficiency of NaOCl
depends on the concentration of undissociated
hypochlorous acid (HOCl) in the solution. As essential
enzymes are inhibited, important metabolic reactions
are disrupted, resulting in the killing of the bacterial
cells. However, some resistant strains of microorganisms such as E. faecalis are resistant to NaOCl,
especially at low concentrations.[17] For instance, 0.5%
NaOCl took 30 min to destroy bacterial cells while the
use of NaOCl at high concentrations is undesirable
because it is an irritant to periapical tissues even
though its antimicrobial action is proportional to its
concentration.[18] Three percent sodium hypochlorite
showed good antibacterial sensitivity against wide

Journal of Indian Society of Pedodontics and Preventive Dentistry | Apr-Jun 2016 | Vol 34 | Issue 2 |

169

[Downloaded free from http://www.jisppd.com on Monday, July 13, 2020, IP: 182.48.228.10]

Dhariwal, et al.: Antibacterial effectiveness of irrigating solutions used in primary teeth

array of micro-organisms isolated in the present study
[Table 1].

conventional antibiotics, but its effect against the
endodontic microflora is less explored.[24,25]

The search for alternatives to NaOCl has been evident
since many years owing to its effects as stated earlier.
Materials used on day-to-day basis for routine
processes have been tested. One such area of interest
is the herbal products which have been in the market
for a wide range of products. Curcumin is the primary
yellow bioactive component of turmeric and has a
wide spectrum of actions such as anti-inflammatory,
anti-oxidant, antibacterial, antifungal, antiprotozoal,
and antiviral activities.[19] Curcumin, a polyphenolic
compound, strongly inhibits bacterial cell proliferation
by inhibiting the assembly dynamics of filamenting
temperature-sensitive mutant-Z (FtsZ) in the Z-ring
needed for bacterial cell division. It also increases
the guanosine tri-phosphatase (GTPase) activity of
FtsZ. The perturbation of the GTPase activity of FtsZ
assembly is lethal to bacteria. Curcumin has a potent
antibacterial activity against a number of pathogenic
bacteria.[20]

In the present study, only few strains of Gram-positive
cocci facultative anaerobe and Gram-positive cocci
obligatory anaerobe showed some antibacterial effect.
The results of the present study were in accordance
with other studies.[26] The results of the present study
showed good but not 100% sensitivity of green tea
against S. mutans, S. pyogenes, S. aureus, etc. Completely
contrasting results (zero percentage sensitivity) were
found in case of Porphyromonas sp., P. intermedia, B.
fragilis, E. faecalis, etc., organisms isolated in the present
study.

Except for a few Gram-negative Bacilli obligate
anaerobes and Gram-positive cocci facultative
anaerobes, turmeric showed a wide spectrum of
antibacterial effect against the organisms most
commonly seen in the infected primary teeth such as
Porphyromonas species, P. intermedia, Peptostreptococci,
and E. faecalis that were isolated in this study.
The active ingredient curcumin does not lose its
active potential when extracted in the ethanolic
solvent. Various authors in their studies observed that
compared to the aqueous extract, ethanolic extract
showed better efficacy as the active component is
not soluble in water and stated that ethanol is a good
solvent for turmeric.[21,22] The present study also
concluded turmeric to have a good antibacterial agent
[Table 1] and was equally effective as NaOCl.
C. sinensis (green tea) is a commonly used beverage
that can lower the risk of cardiovascular problems,
periodontal disease, and has a good antibacterial effect.
These effects are a result of large amount of polyphenols
present within it such as the catechin, epicatechin, and
epigallocatechin gallate (EGCG). The EGCG is the
main component which acts as an anti-oxidant and
scavenger of free radicals. The antibacterial activity
is by disrupting the cell membrane and prevention of
DNA supercoil formation, thus destroying the bacteria.
Various studies have stated that polyphenols can
inhibit or kill pathogens such as S. aureus, Streptococcus
sobrinus, S. mutans, and P. gingivalis.[23]
Various studies have stated its anticaries effect, its effect
against periodontal pathogens such as P. gingivalis,
Aggregatibacter actinomycetemcomitans, and Prevotella
species, resistant strains of S. aureus and Pseudomonas
aeruginosa in nosocomial infections that can replace
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One remarkable finding is the high proportion of
black-pigmented colonies of bacteria isolated in the
study which correlates with many studies so far. The
results of the present study can be justified by a larger
sample size and use of some other antibacterial tests
before its clinical application in dentistry.

Conclusion
In endodontic therapy, the main aim of treatment,
especially in the primary teeth is eradication of microorganisms. Hence, the antibacterial efficacy of the
irrigants is an important consideration. From the
present study, we conclude that:
1. The micro-organisms prevalent in primary teeth
with necrosis, abscess, and/or sinus tract include
Porphyromonas species, P. intermedia, B. fragilis
Peptostreptococcus, Fusobacterium, as obligate
anaerobes. Streptococcus pyogenes, S. mutans,
E. faecalis, and S. aureus, as facultative anaerobes.
2. The antimicrobial sensitivity testing done
with agar diffusion method on isolated microorganisms showed sodium hypochlorite and
C. longa (turmeric) to be equally effective whereas
C. sinensis (green tea) had least antibacterial activity
against the isolated microbes from primary teeth.
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Abstract
Background: Antenatal corticosteroids (ACS) for women at high risk of preterm birth is an effective intervention to
reduce neonatal mortality among preterm babies delivered in hospital settings, but has not been widely used in
low-middle resource settings. We sought to assess the rates of ACS use at all levels of health care in low and middle
income countries (LMIC).
Methods: We assessed rates of ACS in 7 sites in 6 LMIC participating in the Eunice Kennedy Shriver National Institute
of Child Health and Human Development’s Global Network for Women and Children’s Health Research Antenatal
Corticosteroids Trial (ACT), a cluster-randomized trial to assess the feasibility, effectiveness, and safety of a multifaceted
intervention designed to increase the use of ACS. We conducted this analysis using data from the control clusters,
which did not receive any components of the intervention and intended to follow usual care. We included women
who delivered an infant with a birth weight <5th percentile, a proxy for preterm birth, and were enrolled in the
Maternal Newborn Health (MNH) Registry between October 2011 and March 2014 in all clusters. A survey of the
site investigators regarding existing policies on ACS in health facilities and for health workers in the community
was part of pre-trial activities.
Results: Overall, of 51,523 women delivered in control clusters across all sites, the percentage of <5th percentile
babies ranged from 3.5 % in Kenya to 10.7 % in Pakistan. There was variation among the sites in the use of ACS
at all hospitals and among those hospitals having cesarean section and neonatal care capabilities (bag and mask
and oxygen or mechanical ventilation). Rates of ACS use for <5th percentile babies in all hospitals ranged from 3.
8 % in the Kenya sites to 44.5 % in the Argentina site, and in hospitals with cesarean section and neonatal care
capabilities from 0 % in Zambia to 43.5 % in Argentina. ACS were rarely used in clinic or home deliveries at any
site. Guidelines for ACS use at all levels of the health system were available for most of the sites.
Conclusion: Our study reports an overall low utilization of ACS among mothers of <5th percentile infants in
hospital and clinic deliveries in LMIC.
Trial Registration: clinicaltrials.gov (NCT01084096)
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Background
Preterm birth is a leading cause of neonatal mortality
and morbidity [1]. Antenatal corticosteroids (ACS) for
pregnant women at high risk of preterm delivery are
among the most effective hospital-based interventions in
high resource settings to reduce neonatal mortality among
preterm newborns [1–7] Despite the burden of pretermrelated morbidity and mortality, as well as the effectiveness
of ACS, global uptake of this intervention has been relatively low [8–12]. To that purpose, the Eunice Kennedy
Shriver National Institute of Child Health and Human Development (NICHD)’s Global Network for Women and
Children’s Health Research Antenatal Corticosteroids Trial
(ACT) [13–15] assessed the feasibility, effectiveness, and
safety of a complex intervention to increase the use of ACS
at all levels of care at seven study sites in low and middleincome countries (LMIC) (Argentina, Guatemala, Kenya,
Zambia, Pakistan and India [2 sites]). The results showed
that the intervention did not significantly reduce neonatal
mortality for <5th percentile infants, a proxy for preterm
birth, and was associated with an overall 12 % increase in
neonatal deaths compared to the control group [16].
The unanticipated ACT results had important implications for policy, practice, and research. The recently released World Health Organization (WHO) guidelines on
interventions to improve preterm birth outcomes [17]
recommend the use of ACS when several conditions are
met: gestational age assessment can be accurately undertaken; preterm birth is considered imminent; there is no
clinical evidence of maternal infection; adequate childbirth
care is available (including the capacity to recognize and
safely manage preterm labor and birth); and the preterm
newborn can receive adequate care if needed (including resuscitation, thermal care, feeding support, infection treatment and safe oxygen use). In LMIC’s these preconditions
may be met in well-equipped referral hospitals, but are less
likely to be met in lower- level facilities, such as second
level hospitals and primary health centers, where most of
the facility-based deliveries occur in these countries [18].
One of the most important implications for research
derived from the ACT results was the need to assess
the effectiveness of ACS in lower-level facilities [19, 20].
To define the current patterns of use of ACS for preterm newborns in LMICs is thus important for both practice and research. For large hospitals having cesarean
sections capability across 29 LMICs, Vogel et al. [21] reported rates of ACS use ranging from 19 to 91 % among
women having preterm births between 26 and 34 weeks
gestation. However, the use in lower-level health facilities
is still not well known. The ACT trial provides a good
source to estimate current use at those settings. The clusters assigned to the control group of the ACT trial received no active intervention, and the data collection
procedures depended on an independent health registry
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that was ongoing since well before the trial started (16).
Therefore the use of ACS in the health facilities of these
clusters may be a close estimation of the routine use of
ACS in these settings.
We sought to determine the rates of ACS use both for
health facility and community settings in the clusters
assigned to the control group during the ACT trial in
six LMICs, aiming to estimate the current use of ACS in
preterm births in LMICs.

Methods
ACT was an 18-month, two-arm, cluster-randomized
trial to assess the feasibility, effectiveness, and safety of a
multifaceted intervention designed to increase the use of
ACS at all levels of health care in LMICs. The trial
methods and results are described in detail elsewhere
[14, 16]. Briefly, we randomly assigned rural and semiurban clusters (geographic areas with about 500 births
per year) within six countries (Argentina, Guatemala,
India [2 sites], Pakistan, Kenya, and Zambia) to standard
care or a multifaceted intervention including components to improve identification of women at risk of preterm birth, referral for care, and to facilitate appropriate
use of ACS. The primary outcome was 28-day neonatal
mortality among infants less than the 5th percentile for
birth weight (defined by site-specific data as a proxy for
preterm birth). Secondary outcomes included use of ACS,
neonatal and perinatal mortality, and suspected maternal
infection for all births, irrespective of birth weight.
The outcome data were collected independently by
trained registry administrators in a prospective maternal
and newborn health (MNH) registry [13], which enrolled
and collected outcomes for all pregnant women residing
within the study clusters, defined geographic areas which
included health facilities. The trial period included births
between October 2011 and March 2014, depending on
each site’s 18-month enrollment period, with most births
occurring in 2012 and 2013.
The clusters assigned to the control group did not receive any training or ACS supplies that were components
of the intervention and were intended to follow standard
care. Thus the use of ACS in these settings was likely to be
similar to routine practice, or perhaps somewhat higher,
given that the control clusters were part of the overall
ACT project and contamination may have influenced ACS
use. In preparation for the trial to help define the standard
care for ACS within the health systems, prior to the intervention training activities, each of the study sites conducted a survey of the Ministry of Health and the health
facilities serving the study catchment area regarding the
existing policies and practice for providing ACS to
pregnant women at risk of preterm birth. The survey
addressed the use of ACS at hospitals, health clinics as
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well as use by community health workers outside of
formal health facilities.
Statistical analysis

The aim of this analysis is purely descriptive. We
assessed the use of ACS within the control clusters by
study site, among the live births with birth weight <5th
percentile [16]. Unadjusted frequencies and percentages
of characteristics of the control clusters, signs of preterm
birth and use of ACS at the individual level are provided.
No measures of inference have been calculated, and as
such, measures are not adjusted for cluster. We used birth
weight rather than gestational age for the main analysis
because many women in the registry had missing or uncertain gestational age, ultrasound was often unavailable,
and the intervention was designed to improve estimation
of gestational age, which could potentially bias gestational age-based analyses. The <5th percentile birth
weight group (referred to as <5th percentile babies) was
established separately for each site with birth weight
data for the pretrial year, in view of the differences in
birth weight distributions across the sites. Site-specific
cutoffs based on measured weights of live births were
2450 g for Argentina, 2267 g for Guatemala, 2000 g for
Belgaum, India, 2000 g for Nagpur, India, 2150 g for
Pakistan, 2400 g for Zambia, and 2500 g for Kenya. Babies
were classified as <5th percentile on the basis of measured
birth weights when available, otherwise, by estimated
weights by clinical assessment. Those missing both measured and estimated weights were classified as <5th percentile, since based on historical data from the registry,
most of the missing data were for preterm infants. Using
this classification, we estimated that 60 % of less-than-5thpercentile births were born at a gestational age younger
than 37 weeks in the main study [16].
Just for descriptive purposes, we also estimated the
baby’s preterm birth status, as calculated using gestational age from last menstrual period and estimated due
date, and classified those with measured birth weight
greater than or equal to the 95th percentile for weight at
36 weeks gestational age as term. We did not report
ACS use by gestational age, acknowledging the uncertain
quality of the assessment.
The ACS rates are reported for all <5th percentile babies
and by subgroups according to the location at delivery:
hospitals, clinics (health centers), and the community
(home). The hospitals were further subdivided into those
having cesarean section and neonatal care capabilities
(bag and mask and oxygen or mechanical ventilation). For
this subgroup analysis, we limited the dataset to births
that either occurred at home or at a facility that was regularly utilized by the women living in the MNH clusters.
For each health facility, we determined whether or not
each of the following services had been provided to at
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least two people during the course of the trial: cesarean
section, bag and mask resuscitation, and oxygen or mechanical ventilation. Deliveries were then divided into those
occurring at a facility with all of these care capabilities
versus at home or a facility with none or some of the capabilities. We also describe the antepartum complications
generally associated with risk of preterm delivery and indicators of use of ACS reported for the mothers of <5th percentile babies. Additionally, we report the characteristics
of all women and babies delivered at the control clusters by site. All analyses were done with SAS v 9.3 (SAS
Institute, Cary, NC).

Results
From our survey, all sites except one reported that
guidelines for ACS at the hospital level of care were routinely available. Additionally, several sites (Guatemala,
Belgaum, India, and Pakistan) had guidelines for prescribing ACS at the primary health centers and only
Pakistan had guidelines to administer ACS at the community level. The recommended gestational age (GA)
for ACS use varied, but generally included administration of ACS for women with signs of preterm birth at 28
to 36 weeks. All sites reported that only doctors or medical officers could prescribe ACS at hospitals or health
centers with the exception of Zambia and Pakistan,
which allowed ACS prescription by nurses. All sites reported that prescribed ACS could be administered by
doctors or nurses.
During the trial period, 51,523 women delivered at the
control clusters across all sites, with the number of deliveries ranging from 2,292 in Argentina to 16,630 in
Belgaum, India (Table 1). In Argentina, 99 % of births
occurred in hospitals, compared with 75 % at the Indian
sites and 14 % in Kenya. Among all births, rates of <5th
percentile neonates for the site including both stillbirths
and live births ranged from 3.5 % in Kenya to 10.7 % in
Pakistan. The estimated rates of preterm birth ranged
from 7.8 % in Guatemala to 14.8 % in Pakistan. Low
birth weight (LBW, <2500 g) rates ranged from 3.5 % in
Kenya to 20.3 % in Pakistan.
Among the risk factors reported for mothers who delivered <5th percentile babies, the two most common
were threatened preterm labor and preterm premature
rupture of membranes (PPROM) (Table 2). Hypertensive
disorders were reported to be much higher in Pakistan than
the other sites, as were reported cases of chorioamnionitis
or fever (37.6 %). The most common type of ACS used
across all sites was dexamethasone. A full course of ACS
(considered to be four doses for dexamethasone or two
doses for betamethasone) was only given to 18 % of women
with <5th percentile babies in Argentina and was less than
3 % in all other sites.
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Table 1 Characteristics of the ACT control clusters by site during the ACT trial period
Latin America

South Asia

sub-Saharan Africa

Argentina

Chimaltenango, Guatemala

India, Belgaum

India, Nagpur

Thatta, Pakistan

Kafue, Zambia

W. Provence, Kenya

Clusters, N

6

9

20

20

20

10

16

Total deliveries, N

2,292

3,960

16,630

7,597

8,202

5,739

7,103

Birth location
Hospital

2,275 (99.3)

1,753 (44.3)

12,374 (74.4)

5,828 (76.7)

3,261 (39.8)

864 (15.1)

990 (13.9)

Clinic

3 (0.1)

45 (1.1)

3,374 (20.3)

1,648 (21.7)

1,758 (21.4)

2,833 (49.4)

2,014 (28.4)

Home

13 (0.6)

2,162 (54.6)

882 (5.3)

119 (1.6)

3,182 (38.8)

2,042 (35.6)

4,099 (57.7)

1,847 (80.7)

1,784 (45.1)

11,123 (66.9)

5,956 (78.4)

2,226 (27.1)

146 (2.5)

151 (2.1)

Birth attendant
Physician
Nurse/Midwife

430 (18.8)

19 (0.5)

4,733 (28.5)

1,537 (20.2)

2,269 (27.7)

3,462 (60.3)

2,916 (41.1)

TBA

0 (0.0)

2,133 (53.9)

175 (1.1)

48 (0.6)

3,565 (43.5)

1,322 (23.0)

3,191 (44.9)

Family/Self Delivery

12 (0.5)

24 (0.6)

599 (3.6)

56 (0.7)

141 (1.7)

809 (14.1)

845 (11.9)

2,162 (94.6)

3,924 (99.2)

16,459 (99.9)

7,585 (99.9)

7,231 (89.7)

5,711 (99.6)

6,999 (98.7)

LMP only or LMP with
clinical exam

518 (22.8)

2,994 (75.6)

14,444 (86.9)

7,306 (96.2)

5,504 (67.1)

5,619 (98.0)

6,333 (89.4)

Clinical exam only

28 (1.2)

87 (2.2)

203 (1.2)

28 (0.4)

133 (1.6)

0 (0.0)

22 (0.3)

USG only or USG with other

789 (34.7)

636 (16.1)

364 (2.2)

16 (0.2)

616 (7.5)

0 (0.0)

0 (0.0)

Not applicable (after delivery)

854 (37.5)

165 (4.2)

1,610 (9.7)

235 (3.1)

316 (3.9)

71 (1.2)

366 (5.2)

Date unknown

87 (3.8)

77 (1.9)

9 (0.1)

7 (0.1)

1,629 (19.9)

45 (0.8)

365 (5.2)

Preterm births

184 (9.4)

308 (7.8)

1,743 (10.4)

714 (9.3)

1,098 (14.8)

667 (11.6)

615 (8.9)

<2500 g birth weight

163 (7.1)

514 (12.9)

3,216 (19.2)

1,143 (14.9)

1,684 (20.3)

301 (5.2)

252 (3.5)

<5th percentile for birth
weight babies

149 (6.4)

192 (4.8)

874 (5.2)

377 (4.9)

890 (10.7)

263 (4.5)

252 (3.5)

Antenatal care (≥1)
Methods to estimate delivery date

Table includes pregnancies resulting in stillbirths and live births. TBA traditional birth attendant, USG ultrasonography

Table 2 Signs of risk of preterm birth and ACS use among mothers of small babies (stillbirths and livebirths) by site during the trial period
Latin America

South Asia

sub-Saharan Africa

Argentina Chimaltenango, Guatemala India, Belgaum India, Nagpur Thatta, Pakistan Kafue, Zambia W. Provence, Kenya
Women with small (<5th %ile)
babies and non-missing, N

142

181

808

336

816

243

199

Antepartum conditions reporteda
Threatened preterm labor

21 (14.8)

76 (42.0)

507 (62.7)

115 (34.2)

231 (28.3)

83 (34.2)

38 (19.1)

Preterm PROM

17 (12.0)

33 (18.2)

127 (15.7)

31 (9.2)

299 (36.6)

42 (17.3)

22 (11.1)

Hypertensive disorders

20 (14.1)

24 (13.3)

96 (11.9)

10 (3.0)

267 (32.7)

4 (1.6)

13 (6.5)

Hemorrhage

8 (5.6)

5 (2.8)

54 (6.7)

6 (1.8)

155 (19.0)

31 (12.8)

34 (17.1)

Chorioamnionitis or fever

4 (2.8)

15 (8.3)

32 (4.0)

1 (0.3)

307 (37.6)

1 (0.4)

13 (6.5)

Other antepartum condition

14 (9.9)

2 (1.1)

46 (5.7)

11 (3.3)

79 (9.7)

7 (2.9)

3 (1.5)

No condition reported

73 (51.4)

85 (47.0)

208 (25.7)

196 (58.3)

157 (19.2)

122 (50.2)

113 (56.8)

61 (44.2)

21 (12.0)

89 (11.0)

15 (4.7)

29 (3.6)

8 (3.4)

4 (2.0)

Dexamethasone

41 (29.7)

19 (10.9)

48 (5.9)

6 (1.9)

18 (2.2)

7 (3.0)

0 (0.0)

Betamethasone

17 (12.3)

0 (0.0)

28 (3.5)

4 (1.3)

0 (0.0)

0 (0.0)

0 (0.0)

Other steroids

0 (0.0)

0 (0.0)

3 (0.4)

0 (0.0)

1 (0.1)

0 (0.0)

0 (0.0)

Full course

25 (18.1)

3 (1.7))

19 (2.4)

0 (0.0)

3 (0.4)

6 (2.5)

0 (0.0)

ACS administered prior
to deliverya

Table includes pregnancies resulting in stillbirths and live births. Excludes 66 mothers of small babies who are missing data (2 from Argentina, 17 from
Nagpur, 18 from Pakistan and 29 from Kenya)
a
Denominator includes responses of ‘Yes’, ‘No’, ‘Don’t know’ and ‘Missing’
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Use of ACS among mothers of <5th percentile babies
was 44 % in Argentina, compared with 5–11 % in the
Indian sites, 2–3 % in African sites and 12 % in
Guatemala (Table 3). The same pattern was found when
we used different categories such as preterm birth and
LBW (<2500 g) to identify mothers that were eligible to
receive ACS (data not shown).
When we restricted the analysis to hospital births, the
use of ACS in mothers of <5th percentile babies ranged
from 4 % in Kenya to 45 % in Argentina. Sites in subSaharan African and south Asian countries showed ACS
rates not higher than 13 %. Considering the use in hospitals with all maternal and neonatal care capabilities, the
rates were slightly higher in Guatemala (25.9 %) and
Belgaum, India (20.2 %). Zambia did not have any facilities
with all care capabilities available; however, in all hospitals,
11 % of mothers with <5th percentile babies received
ACS. In health centers, ACS were only used in South Asia,
with the highest rate of 8.4 % found in Belgaum, India.

Discussion
Across seven sites in LMICs, we found an overall low
utilization rate of ACS among mothers of <5th percentile
babies, ranging from 44 % in Argentina to 2 % in Kenya.
In hospitals in particular, the rates in the sub-Saharan
African and south Asian sites did not exceed 13 or 20 %
when only hospitals with maternal and neonatal care capabilities were considered. With the exception of Argentina,
these rates are lower than previous studies including only
large hospitals with cesarean section capabilities [21].
One of the study limitations was that the survey was
administered only at Global Network study sites and was
not designed to be representative of the whole country.
For the study data, because gestational age dating was unreliable, we used birth weight <5th percentile as a proxy
measure. This decision may have misclassified some preterm births as term births. We also acknowledge that the

subgroup of <5th percentile babies included around 40 %
of small term babies. This misclassification could have resulted in an underestimation of the real use of ACS in preterm babies. Conversely, because the ACS utilization rates
were measured in the context of a cluster randomized trial
intending to increase its use, it is possible that the ACS
rates observed in the control group in this study could
have been actually higher than those seen in routine practice. In that sense, the ACS use rates in routine care may
be even lower.
Our data showed that across all sites, between 1 and
9 % of <5th percentile babies born in clinics received ACS.
In light of the current WHO preterm guidelines, and until
evidence of benefit in those sites is available, this use should
be discouraged. Considering these results, the recommendations in India, Pakistan and Guatemala to use ACS in
women at high risk of preterm birth attending primary
health centers should probably be revised.
The observed use of ACS among pregnancies likely to
be preterm and occurring in hospitals is lower than 25 %
in all sites except Argentina where ACS use is still lower
than 50 %. These results may be interpreted in different
ways. In hospitals that meet the conditions for ACS use
based on the new WHO preterm guidelines, low rates of
ACS use can be interpreted as substandard care. We
have shown that the ACS rates in hospitals having
cesarean section capacity and neonatal care including
resuscitation and oxygen therapy are not substantially
different than those reported for all hospitals. This low
use would imply the need for improvement in use in
such hospitals. However, this interpretation should be
taken cautiously since our categorization of hospitals
according to maternal and neonatal capabilities may
not include the care actually available 24 h a day, 7 days
a week. Moreover, this classification does not consider
the capacity of the hospital to assess gestational age
accurately.

Table 3 Antenatal corticosteroid use by level of care
Latin America

South Asia

sub-Saharan Africa

Argentina

Chimaltenango,
Guatemala

India,
Belgaum

India,
Nagpur

Thatta,
Pakistan

Kafue,
Zambia

W. Provence,
Kenya

142

181

808

336

816

243

199

Hospitals (overall), n (%)

61/137 (44.5)

21/94 (22.3)

80/645 (12.4)

14/252 (5.6)

21/342 (6.1)

7/63 (11.1)

2/53 (3.8)

Facilities with maternal and
neonatal care capabilities2

57/131 (43.5)

16/62 (25.8)

40/198 (20.2)

12/163 (7.4)

12/214 (5.6)

0/0 (0.0)

1/25 (4.0)

Clinic, n (%)

0/0 (0.0)

0/3 (0.0)

8/95 (8.4)

1/43 (2.3)

7/162 (4.3)

1/101 (1.0)

1/62 (1.6)

Home, n (%)

0/1 (0.0)

0/78 (0.0)

1/67 (1.5)

0/23 (0.0)

1/312 (0.3)

0/72 (0.0)

1/84 (1.2)

Women with small (<5th %ile)
babies and ACS use reported, N
Received any antepartum steroids
by location of delivery1

1

Denominator includes all births at facilities typically utilized by MNH participants and home births. 2Care capabilities include cesarean section, neonatal bag and
mask, and neonatal oxygen or mechanical ventilation. It is further limited to those with data available on steroid administration
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Conclusion
In hospitals with maternal and neonatal care capabilities
meeting the WHO preterm guidelines criteria, ACS use
is likely to be lower than expected. However, it is also
likely that the majority of the health facilities included in
this report did not meet these WHO criteria. As such, it
is unknown if its use in these low resource hospitals results in more benefit than harm.
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Abstract
Background: Postpartum haemorrhage (PPH) is the leading cause of maternal mortality in low-income countries
and contributes to nearly a quarter of maternal deaths globally. The current available interventions for prevention of
postpartum haemorrhage, oxytocin and carbetocin, are limited by their need for refrigeration to maintain potency,
as the ability to maintain a cold chain across the drug distribution and storage network is inconsistent, thus
restricting their use in countries with the highest burden of maternal mortality. We describe a randomized,
double-blind non-inferiority trial comparing a newly developed room temperature stable formulation of carbetocin
to the standard intervention (oxytocin) for the prevention of PPH after vaginal birth.
Methods/design: Approximately 30,000 women delivering vaginally will be recruited across 22 centres in 10 countries.
The primary objectives are to evaluate the non-inferiority of room temperature stable carbetocin (100 μg intramuscular)
versus oxytocin (10 IU intramuscular) in the prevention of PPH and severe PPH after vaginal birth. The primary
endpoints are blood loss ≥500 mL or the use of additional uterotonics (composite endpoint required by drug
regulatory authorities) and blood loss ≥1,000 mL (WHO requirement). Non-inferiority will be assessed using a two-sided
95 % confidence interval for the relative risk of the above endpoints for room temperature stable carbetocin versus
oxytocin. The upper limit of the two-sided 95 % confidence interval for the relative risk for the composite endpoint of
blood loss ≥500 mL or the use of additional uterotonics, and for the endpoint of blood loss ≥1,000 mL, will be
compared to a non-inferiority margin of 1.16 and 1.23, respectively. If the upper limit is below the corresponding
margin, non-inferiority will have been demonstrated. The safety analysis will include all women receiving treatment.
Safety and tolerability will be assessed by a review of adverse events, by conducting inferential testing with significance
levels for between-group comparisons.
(Continued on next page)
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Discussion: If the results of the study show that room temperature stable carbetocin is a safe and effective alternative
to oxytocin, this could have a substantial impact on the prevention of postpartum haemorrhage and maternal survival
worldwide.
Trial registration: ACTRN12614000870651 (14 August 2014)
Keywords: Postpartum haemorrhage, Room temperature stable carbetocin, Oxytocin, Non-inferiority trial

Background
Postpartum haemorrhage (PPH) is defined as a blood
loss of ≥500 mL within 24 hours of delivery, while severe
PPH (sPPH) is defined as a blood loss of ≥1,000 mL
within the same time frame [1]. PPH is the leading cause
of maternal mortality in low-income countries, contributing to nearly a quarter of maternal deaths globally. In
addition, PPH is a significant contributor to severe maternal morbidity and long-term disability, as well as to a
number of other severe maternal conditions generally
associated with more substantial blood loss, including
shock and organ dysfunction [2–4]. Improving health
care for women during childbirth in order to prevent
and treat PPH is an essential step towards the achievement of the United Nations Millennium Development
Goals.
The majority of deaths due to PPH could be avoided
through the use of prophylactic uterotonics during the
third stage of labour and by timely and appropriate management. Injectable oxytocin has been recommended by
the World Health Organization (WHO) for routine use
during the third stage of labour and is the preferred drug
for the prevention and management of blood loss after
childbirth; however, several studies have demonstrated
that oxytocin loses potency in field conditions, particularly in tropical climates [1, 5, 6]. To decrease potency
loss due to degradation, oxytocin must be either stored
at controlled room temperature (25 °C or lower) for a
restricted amount of time or refrigerated (2 °C to 8 °C),
making its use difficult in low resource settings. To ease
this barrier, several groups have been researching heat
stable oxytocin formulations [5]. Though some progress
has been made in this area, there is currently no heat
stable oxytocin formulation for therapeutic use [7].
Carbetocin (1-deamino-1-monocarba-(2-O-methyltyrosine)-oxytocin) is a long-acting synthetic agonist
analogue of the human oxytocin, and it appears to be a
promising agent in the prevention of PPH following vaginal delivery. The clinical and pharmacological properties
of carbetocin are similar to those of oxytocin. However,
carbetocin is a more stable molecule and induces a prolonged uterine response, when administered postpartum,
in terms of both amplitude and frequency of contractions
due to its longer half-life [8–10]. In a Cochrane systematic
review including 11 studies (2,635 women), the use of

carbetocin resulted in a statistically significant reduction
in the use of additional/therapeutic uterotonics compared
to oxytocin for those who underwent caesarean delivery
(risk ratio (RR) 0.62; 95 % confidence interval (CI) 0.44 to
0.88; four trials, 1,173 women), but not for vaginal delivery. Compared to oxytocin, carbetocin was associated with
reduced uterine massage following both caesarean delivery
(RR 0.54; 95 % CI 0.37 to 0.79; two trials, 739 women) and
vaginal delivery (RR 0.70; 95 % CI 0.51 to 0.94; one trial,
160 women). There were no statistically significant differences between carbetocin and oxytocin in terms of risk of
any PPH or in risk of sPPH [11].
Carbetocin is currently approved in multiple countries
for the prevention of PPH during caesarean section. The
drug is licensed to be administered by slow intravenous
(IV) single injection at a dose of 100 μg. Its current formulation requires refrigeration.
A room temperature stable (RTS) variant of carbetocin
has recently been developed and is now approved in the
European Union; this variant differs from the current
carbetocin formulation only in its excipients (Table 1).
The stability data from long-term studies performed at
30 °C and 75 % relative humidity, as well as accelerated
at 40 °C and 75 % relative humidity, indicate a shelf life
of at least 36 months at 30 °C for the new RTS formulation of carbetocin. Carbetocin RTS therefore represents
a promising intervention for reducing PPH, particularly
in settings where cold storage is difficult to achieve and
maintain. Here, we describe a planned randomized trial
to evaluate the non-inferiority of carbetocin RTS versus
oxytocin after vaginal delivery in the prevention of PPH
and sPPH.

Methods/design
Primary objectives and hypotheses

The trial has two primary objectives: 1) To evaluate
non-inferiority of carbetocin RTS versus oxytocin after
vaginal delivery in the prevention of the composite endpoint “blood loss of 500 mL or more or the use of additional uterotonics” at one hour and up to two hours for
women who continue to bleed after one hour; and 2) to
evaluate non-inferiority of carbetocin RTS versus oxytocin in the prevention of sPPH (≥1,000 mL blood loss) at
one hour and up to two hours for women who continue
to bleed after one hour.

Widmer et al. Trials (2016) 17:143

Page 3 of 9

Table 1 Composition of carbetocin RTS and carbetocin
Current carbetocin refrigerated formulation (Duratocin®, Ferring)a

New carbetocin RTS formulation
Component

Amount (mg/mL)

Function

Component

Amount (mg/mL

Function

Carbetocin

0.100

Active substance

Carbetocin

0.100

Active substance

Succinic acid

1.19

Buffer

Sodium chloride

9

Isotonicity agent

Mannitol

47.0

Isotonicity agent

Glacial acetic acid

to pH 3.8

pH adjustment

L-methionine

1.00

Antioxidant

Water for injection

1.0 mL

Solvent

Sodium hydroxide 2 N

to pH 5.45

pH adjustment

–

–

–

Water for injection

1.0 mL

Solvent

–

–

–

Carbetocin 100 μg/mL was first approved in Canada in June 1997 and is currently registered in more than 70 countries under the trade
names PABAL/DURATOCIN/LONACTENE/DURATOBAL
RTS room temperature stable
a

For both objectives the hypotheses are: 1) carbetocin
RTS is non-inferior to oxytocin in terms of the proportion of women with blood loss ≥500 mL or the use of
additional uterotonic drugs after vaginal delivery within
a non-inferiority margin of 1.16 on the relative risk scale,
and the proportion of women with blood loss ≥1,000 mL
after vaginal delivery within a non-inferiority margin of
1.23 on the relative risk scale; and 2) carbetocin RTS is
superior to oxytocin in terms of the proportion of women
with blood loss ≥500 mL or use of additional uterotonic
drugs, and in terms of the proportion of women with
blood loss ≥1,000 mL after vaginal delivery. For each of
the two primary endpoints, superiority will be tested if
non-inferiority has been demonstrated.
Investigators and other assessors will be blinded to individual treatment allocation. The study will be conducted by the HRP/WHO, and WHO staff will also
remain blinded to individual participant treatment allocation during the conduct of the trial.
Study drug

Carbetocin RTS (Ferring, St. Prex, Switzerland) will be
administered as a single IM dose of 100 μg in a 1 mL solution. Oxytocin 10 IU/mL (Syntocinon®, Novartis, Basel,
Switzerland) will be administered as a single intramuscular (IM) dose in a 1 mL solution. In order to maintain
the blindness of the trial, carbetocin RTS and oxytocin
will be provided in 1 mL ampoules in consecutively
numbered treatment packs arranged in dispensers and
will be stored in a refrigerator at 2 °C to 8 °C.
Study design

This clinical trial will be conducted in compliance with the
clinical trial protocol, good clinical practice and the applicable regulatory requirements. The trial is planned to be
conducted at 22 centres in 10 countries: Argentina, Egypt,
India, Kenya, Nigeria, Singapore, South Africa, Thailand,
Uganda and the United Kingdom. Approximately 30,000
women will be included in the trial. The recruitment period
will be approximately 12 months in each country.

The care provider in charge of antenatal care visits at
the hospital will inform potentially eligible pregnant
women (women with no allergies to carbetocin, other
oxytocin homologues or excipients, or serious cardiovascular disorders) about the trial.
At admission for labour at the hospital, the woman will
be approached for participation in the trial when she is in
early labour and if her vital signs are normal, and she is
not stressed. The investigator will invite her to sign the informed consent. Informed consent will be obtained before
any trial-related procedures are carried out.
During the second stage of labour when vaginal delivery
is imminent, the woman will be randomized to receive
either a single dose of oxytocin 10 IU IM or a single dose
of carbetocin RTS 100 μg IM.
The investigator will administer the investigational
medicinal product (IMP) immediately after the birth of
the baby (preferably within one minute). Once the IMP
has been administered, the investigator will follow the
management of the third stage of labour as recommended in WHO guidelines and as detailed in the trial’s
manual of operations.
Once the cord is clamped (1–3 minutes after delivery
of the baby) and cut, the investigator will place a calibrated drape under the woman’s buttocks and blood loss
will be measured for one hour or two hours postpartum
if the bleeding continues beyond one hour (blood loss
measuring details are provided in the trial’s manual of
operations).
The woman will end her participation in the trial after
her discharge or if she is transferred to a higher care
unit, such as an intensive care unit (ICU). Data will be
entered into a validated online database system compliant with the FDA 21 CFR part 11.
The trial master protocol was approved by the World
Health Organization Research Ethics Review Committee.
All sites received ethics approval from their institutional/national boards (see additional file 1 for the list
of ethics committees that reviewed and approved the
proposal).
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Inclusion/exclusion criteria

Table 2 Primary and secondary endpoints

Women will be eligible for inclusion into this trial if they
are expected to deliver vaginally, have a cervical dilatation equal to or less than 6 cm, have a known singleton
pregnancy and have provide written informed consent.
Women will not be eligible for study participation if
they: 1) are in an advanced first stage of labour (>6 cm
cervical dilatation) or are too distressed to understand,
confirm and give informed consent regardless of cervical
dilatation; 2) are non-emancipated minors (as per local
regulations) without a guardian; 3) have been scheduled
for a planned caesarean section; 4) have a birth considered to be an abortion according to local guidelines; 5)
have known allergies to carbetocin, other oxytocin homologues or excipients in the medicinal products used
in the trial; 6) have serious cardiovascular disorders; 7)
have serious hepatic or renal disease; 8) have epilepsy; or
9) are not capable of giving consent due to other health
problems such as obstetric emergencies (for example,
antepartum haemorrhage) or mental disorder.
Participants will be free to discontinue the trial at any
time without giving their reason(s). Participants who
withdraw will not be replaced; that is, randomized numbers will be uniquely linked to each participant. Data
collected up to that point will be included unless participants request the opposite. After a participant has completed the trial or has withdrawn early, usual treatment
will be administered, if required, in accordance with the
trial centre’s standard of care and generally accepted
medical practice and depending on the participant’s individual medical needs.

Primary endpoints

Randomization

The random allocation sequence will be generated centrally at WHO headquarters using computer-generated
random numbers. Randomization will be stratified by
country and will use permuted blocks, with an allocation
ratio of 1:1. Participants will randomly be assigned
within each country to one of the two treatment groups:
oxytocin 10 IU IM or carbetocin RTS 100 μg IM. Allocation of the randomly generated sequence will be performed by consecutively numbered treatment packs
arranged in dispensers.
Primary and secondary endpoints

The primary and secondary endpoints are listed in
Table 2. The trial is being conducted as an effectiveness
trial with the objective of carbetocin RTS being registered for the indication “prevention of postpartum
haemorrhage” by drug regulatory authorities if it is
shown to be non-inferior or superior to oxytocin. The
primary composite endpoint is blood loss ≥500 mL or
use of additional uterotonics. For the purpose of evaluating clinical effectiveness and for the potential inclusion

The proportion of women:
• with blood loss of 500 mL or more or the use of additional
uterotonics at one hour and up to two hours for women who
continue to bleed after one hour;
• with blood loss of 1,000 mL or more at one hour and up to two
hours for women who continue to bleed after one hour.
Secondary endpoints
The proportion of women:
• with blood loss of 500 mL or more at one hour (or two hours
postpartum if the bleeding continues beyond one hour);
• receiving additional uterotonics at one hour (or two hours
postpartum if the bleeding continues beyond one hour);
• receiving additional uterotonics up to time of discharge;
• receiving blood transfusion up to time of discharge;
• with manual removal of placenta up to time of discharge;
• having additional surgical procedures (for example, suturing of
cervix/high vaginal tear, exploration of uterine cavity under
general anaesthetic, uterine compression suture, uterine or
hypogastric ligation, hysterectomy) up to time of discharge;
• with maternal death;
• with composite outcome of maternal death or severe morbidity
(admission to intensive care unit, hysterectomy, blood loss of two
litres or more, uterine inversion) up to time of dischargeBlood loss
in mL at one hour (or two hours postpartum if the bleeding
continues beyond one hour).
The incidence and severity of adverse or serious adverse events
up to the time of discharge.
Newborn outcomes (vital status, Apgar score at 5 minutes,
resuscitation of the baby, mechanical ventilation).

of carbetocin RTS in future WHO guidelines and the
Model List of Essential Medicines, the more substantive
endpoint of blood loss ≥1,000 mL is also a primary endpoint. Since the two primary endpoints serve independent objectives, there will be no adjustment for the type I
error rate for multiplicity of endpoints.
Assessment of efficacy

Efficacy will be assessed using blood loss volume measurement per the two primary endpoints listed in Table 2.
Blood loss will be measured using a calibrated drape
[12], which will be placed under the participant’s buttocks
once the cord is clamped (1–3 minutes after delivery of
the baby) and cut. Blood loss will be measured for one
hour, or for two hours postpartum, if the bleeding continues beyond one hour. Blood loss weight in grams will
be converted to millilitres by dividing the figure in grams
by 1.06 (blood density in grams per millilitre) [13].
Assessment of safety

Comprehensive assessment of the safety of the study
drugs will be performed throughout the course of the
trial, from the time of the participant’s signature of informed consent until discharge. Trial centre personnel
will report any adverse event (AE), whether observed by
the investigator or reported by the participant.
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The intensity of an AE will be classified using a threepoint scale: mild ─ awareness of signs or symptoms,
but no disruption of usual activity; moderate ─ event
sufficient to affect usual activity; and severe ─ inability
to work or perform usual activities. AEs will also be classified as possibly related to study drug (that is, there is
evidence or argument to suggest a causal relationship
between the AE and the study drug), or not related to
study drug (that is, there is no reasonable evidence or
argument to suggest a causal relationship between the
AE and the study drug).
The outcome of an AE will be classified as: recovered/
resolved (fully recovered or the condition has returned
to the level observed at initiation of trial treatment); recovered/resolved with sequelae (resulted in persistent or
significant disability/incapacity); recovering/resolving;
not recovered/not resolved; or fatal.
An AE will be considered serious if it results in death,
is life-threatening, requires in-patient hospitalization or
prolongation of existing hospitalization, results in persistent or significant disability/incapacity, is a congenital
anomaly/birth defect, or is an important medical event.
If an investigator becomes aware of a serious AE after
the participant’s hospital discharge, and he/she assesses
the serious AE to have a reasonable possible causality to
the study drug, the case will be reported, regardless of
how long after the end of the trial the AE took place.
Since the amount of blood lost is collected as an efficacy endpoint, only the following blood loss events that
fulfil the criteria for a serious AE will be recorded: ICU
admission (adult ICU admission, not maternity/labour
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ward high care); surgical intervention for control of haemorrhage (hypogastric artery ligation or uterine compression
sutures); peripartum hysterectomy, blood loss ≥ 2,000 mL;
and uterine inversion.
Sample size calculation

The two endpoints that guided the sample size estimation for the trial were sPPH (blood loss ≥1,000 mL),
PPH (blood loss ≥500 mL) or the use of additional
uterotonics. Severe PPH is a more serious endpoint that
is closely associated to severe maternal morbidity and
related to additional interventions. The sPPH endpoint
is also less frequent and thus guided the overall sample
size estimation.
A non-inferiority design was chosen since the aim of
the trial is to determine if carbetocin RTS is non-inferior
in efficacy to the standard intervention (oxytocin 10 IU
IM). In order to demonstrate non-inferiority within a
margin of 0.46 %, with a power of 80 % and with a significance level of 2.5 %, a total of 29,082 women are
needed assuming an equal sPPH prevalence of 2 % with
both treatments, calculated by the standard formula (see
Additional file 2 for the rationale of the choice of the
margin) [14]. The margin of 0.46 % on the difference
scale corresponds to 1.23 on the relative scale for the assumed prevalence. Figure 1 shows the total sample size required to assess non-inferiority at the 2.5 % level of
significance (usually required for non-inferiority trials) for
different scenarios. We also assumed, from a similar large
trial [15], a 3 % loss of study participants who are eligible
to contribute to the analysis due to exclusion of women

Fig. 1 Total sample size for non-inferiority with equal proportions = 1.5 % or 2 %, 80 % power and different values of the margin on the relative scale
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with a caesarean section or abortion after randomization,
and those who are not protocol-compliant (excluded only
in the per-protocol analysis), bringing the sample size to
30,000. This sample size will provide 90 % power for a
conventional two-sided 5 % test of superiority to detect a
minimum significant difference between 1.5 % and 2 % in
the rate of sPPH for the two treatment groups.
Similarly, we calculated the sample size for the composite endpoint defined as blood loss ≥500 mL or administration of additional uterotonics. With active management,
the risk of this event is estimated as 16 % (personal communication) [15]. Assuming equal prevalence for this
event of 16 % with both treatments, in order to demonstrate non-inferiority within a margin of 1.16 on the relative scale, with a power of 80 % and with a significance
level of 2.5 %, a total of 6,242 women are needed. With
30,000 women the power obtained would be more than
99 % [14]. This sample size will provide a power of 99.5 %
for a conventional two-sided 5 % test of superiority to
detect a minimum significant difference between 16 %
and 18 % in the occurrence of PPH or administration of
additional uterotonics for the two treatment groups
(Stata version 13.1).
Analysis populations

Analyses will be performed in three populations:
intention-to-treat (ITT), modified ITT, and per-protocol.
The ITT population includes all randomized participants, using the treatment as randomized. The modified
ITT analysis excludes women having a caesarean section
after randomization and those withdrawing consent. The
per-protocol population includes all participants randomized into the trial, who were compliant with, and
treated according to, the protocol, and who fulfil the following criteria: compliance with all entry criteria, absence of major clinical trial protocol violations with
respect to factors likely to affect the efficacy of treatment, and adequate compliance with trial medication
(giving oxytocin or carbetocin to women as randomized). Declaring carbetocin RTS non-inferior to oxytocin
will require non-inferiority to be demonstrated for both
per-protocol and the modified ITT analyses. For testing
the superiority of each endpoint, the modified ITT analysis will be the main analysis. The primary population
for safety analysis will consist of all women receiving
treatment.
Statistics

Safety and tolerability will be assessed by a review of
AEs, by conducting inferential testing with significance
levels for between-group comparisons. The betweentreatment difference for the occurrence of AEs will be
tested using the stratified Mantel-Haenszel chi-square if
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frequencies are sufficiently high, or otherwise with exact
methods taking stratification into account.
For efficacy, non-inferiority will be assessed using a
two-sided 95 % confidence interval (CI) for the relative
risk (RR) of sPPH and of PPH or additional uterotonic
use (carbetocin RTS versus oxytocin). The upper limit of
the two-sided 95 % CI for the RR for the composite endpoint of blood loss ≥500 mL or additional uterotonic use
will be compared to the non-inferiority margin of 1.16.
The upper limit of the two-sided 95 % CI for the RR for
the endpoint of blood loss ≥1,000 mL will be compared
to the non-inferiority margin of 1.23. If the upper limit
is below the corresponding margin, non-inferiority will
have been demonstrated. This upper limit is the same as
the upper limit of the one-sided 97.5 % CI; therefore, the
significance level for the non-inferiority test will be
2.5 % (one-sided). For each endpoint, to declare carbetocin RTS non-inferior to oxytocin, we will require noninferiority to be demonstrated for both PP and the
modified ITT analyses. If non-inferiority is demonstrated, a two-tailed superiority test will be conducted at
5 % level of significance. Interpretation will be as in Fig. 1
of Piaggio et al. [16]. Comparisons will also be expressed
as risk differences with 95 % CIs.
The statistical technique used to conduct tests and obtain CIs for the main endpoints will be a logistic model
with a binary endpoint, a binomial distribution and the
log link to obtain RRs. The identity link will be used to
obtain risk differences. Stratifying variables (country) will
be included in the model. The model will be fitted using
SAS Software version 9.3 (SAS Institute Inc., Cary, NC,
USA). A separate model will be fitted for each of the
two primary endpoints.
We will use the RR as measure of treatment effect on
the relative scale for the two primary endpoints. For the
composite endpoint of blood loss ≥500 mL or use of additional uterotonics, the margin has been justified as 1.2 on
the odds ratio (OR) scale and 1.16 on the RR scale. Heterogeneity across centres will be assessed by using a term
in the logistic model for the interaction between treatment
and centres. If there is heterogeneity between the centres
for any of the results, the possible causes will be explored.
The secondary binary endpoints of blood loss
≥500 mL, use of additional uterotonics, blood transfusion, manual removal of placenta, additional surgical
procedures, maternal death and the composite endpoint
of maternal death or severe morbidity, will be analysed
using the modified ITT population and will be assessed
only for conventional superiority using risk differences
and relative risks with 95 % CIs estimated with the same
techniques described for the main endpoints.
The secondary outcome of blood loss in millilitres will
be analysed using the log transformation. This is based
on the following: 1) the blood loss distribution is
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positively skewed; 2) different distributions were fitted to
blood loss data from a large trial [15] and the lognormal
distribution was found to have a very good fit (personal
communication); and 3) the lognormal distribution was
used for blood loss data in the literature [13]. Therefore,
a lognormal distribution will be fitted to the blood loss
data and the probabilities of blood loss ≥500 mL and of
≥1,000 mL will be compared between treatments using
parametric methods. The quantiles will be compared between treatments using quantile regression [17].
Trial oversight

The trial will be overseen by two committees. The Trial
Steering Committee (TSC) is composed of the WHO/
HRP coordination team, investigators from the 10 participating countries and five independent members with
expertise in clinical, statistical and scientific disciplines.
The TSC should provide oversight of the progress of the
trial and ensure the trial is conducted in accordance
with the principles of good clinical practice (GCP).
The Data and Safety Monitoring Committee (DSMC),
with no direct involvement in the trial, will handle any
ethical issues that may arise while the trial is in progress
and will scrutinize two interim analyses, the first to look
at safety when 5,000 participants have been recruited,
and the second conducted when 15,000 women have
been recruited to look at both safety and efficacy. The
interim analyses will be masked to trial investigators,
trial statistician, WHO, Merck for Mothers and Ferring
staff, but not to DSMC members. The DSMC will be expected to provide an ongoing risk-benefit evaluation that
addresses the uncertainty necessary to continue.

Discussion
PPH is one of the major contributors to maternal mortality and morbidity worldwide. Prevention of PPH is
therefore of great importance in the pursuit of improved
health care for women. The decision to proceed with a
large, randomized controlled trial to address this unmet
medical need by evaluating the effectiveness of carbetocin RTS compared to oxytocin was based on several
considerations. This included the frequent concerns
about the quality of oxytocin and its stability in some
developing countries, the potential advantage of carbetocin RTS due to its longer half-life (than that of oxytocin),
especially when administered intramuscularly, and its
heat stability. This study will be conducted under conditions where both study drugs, oxytocin and carbetocin
RTS, will be kept under strict refrigeration. If the trial
meets its primary endpoint of non-inferiority to oxytocin, the carbetocin RTS formulation will be made available in high-burden countries at an accessible public
sector price. This would have major implications for
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expanding access to effective care and could have a substantial impact on maternal survival.
The risk-benefit relationship was carefully considered
in the planning of the trial, as was the selection of the
dose of carbetocin RTS. The selected dose for the carbetocin RTS IM injection is 100 μg, the same as the dose
approved for IV injection following caesarean section.
The safety profile of a 100 μg dose of the carbetocin refrigerated formulation, when administered intravenously,
is derived from clinical studies as well as from pharmacovigilance activities that comprise nearly 5 million women
exposed. Reported AEs during clinical trials when administered by IV after caesarean section under spinal or epidural
anaesthesia are headache, tremor, hypotension, flushing,
nausea, abdominal pain, pruritus, anaemia, dizziness, chest
pain, dyspnoea, metallic taste and vomiting. The AEs observed were of the same type and frequency as those observed with the comparator, oxytocin. In addition, efficacy
and safety data on 100 μg of the carbetocin refrigerated
formulation delivered intramuscularly during vaginal delivery is available from several published randomized clinical
trials [11, 18, 19]. Although the population from whom
these safety data are generated is different from the study
population of this protocol, women undergoing caesarean
section are expected to be at the same or higher risk of
AEs than women having a vaginal delivery. It is therefore
expected that a carbetocin RTS dose of 100 μg IM, when
used in women after vaginal delivery, will be efficacious
and have a safety profile that is equal to or better than the
well-characterized safety profile of 100 μg IV when used in
women following caesarean section.
The study has several strengths. It is a global, multicentred, randomized, double-blind, active comparator controlled study. The active comparator is oxytocin, which is
the most commonly recommended drug for PPH prophylaxis and considered the current gold standard in WHO
guidelines. The 10 IU dose of oxytocin was chosen as this
is currently the most commonly used dose in clinical practice internationally when IM administration is practiced.
Blood loss of ≥1,000 mL is a primary endpoint in this trial,
as it was considered as one of the three critical endpoints
(together with blood transfusion and maternal death) for
the earlier 2007 WHO recommendations for PPH prevention where outcomes were rated by an independent panel
[1]. We also used reliable estimates of prevalence of blood
loss ≥1,000 mL under active management with oxytocin
from different trials and systematic reviews. Additionally,
an external DSMC has been established for the ongoing
assessment of the risk-benefit ratio. One limitation of our
study is that the predicted sample size makes assumptions
that in reality might not hold. For example, if the efficacy
of oxytocin is much better than that of carbetocin RTS,
this would imply that non-inferiority is not likely to be
demonstrated and the trial should be stopped for futility. If
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oxytocin is just slightly better than carbetocin RTS, the
predicted sample size could have been underestimated,
but this is not likely given previous evidence [11].
Results of this trial will be extremely useful, particularly in tropical settings, where cold storage is difficult to
achieve and maintain. Should this trial demonstrate that
carbetocin RTS is non-inferior to oxytocin in preventing
postpartum haemorrhage, in settings where the cold
chain cannot be guaranteed, oxytocin could be replaced
by carbetocin RTS as the uterotonic used during the
third stage of labour. In addition, and based on the tripartite agreement signed between WHO/HRP, Merck for
Mothers and Ferring Pharmaceuticals, carbetocin RTS
could be available in high-burden countries at a public
sector price comparable to oxytocin’s price. This could
have major implications for preventing PPH and a substantial impact on maternal survival worldwide.
Trial status

The trial has started recruitment in five countries. The
other five countries are expected to receive regulatory
authorities’ approval before April 2016.
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Abstract
Background: The Antenatal Corticosteroid Trial assessed the feasibility, effectiveness, and safety of a multifaceted
intervention to increase the use of antenatal corticosteroids (ACS) in mothers at risk of preterm birth at all levels of
care in low and middle-income countries. The intervention effectively increased the use of ACS but was associated
with an overall increase in neonatal deaths. We aimed to explore plausible pathways through which this intervention
increased neonatal mortality.
Methods: We conducted a series of secondary analyses to assess whether ACS or other components of the multifaceted
intervention that might have affected the quality of care contributed to the increased mortality observed: 1) we
compared the proportion of neonatal deaths receiving ACS between the intervention and control groups; 2) we
compared the antenatal and delivery care process in all births between groups; 3) we compared the rates of possible
severe bacterial infection between groups; and 4) we compared the frequency of factors related to ACS administration
or maternal high risk conditions at administration between the babies who died and those who survived 28 days
among all births in the intervention group identified as high risk for preterm birth and received ACS.
Results: The ACS exposure among the infants who died up to 28 days was 29 % in the intervention group compared to
6 % in controls. No substantial differences were observed in antenatal and delivery care process between groups. The
risk of pSBI plus neonatal death was significantly increased in intervention clusters compared to controls (2.4 % vs. 2.0 %,
adjusted RR 1.17, 95 % CI 1.04–1.30, p = 0.008], primarily for infants with birth weight at or above the 25th percentile.
Regarding factors related to ACS administration, term infants who died were more likely to have mothers who received
ACS within 7 days of delivery compared to those who survived 28 days (26.5 % vs 17.9 %, p = 0.014), and their mothers
were more likely to have been identified as high risk for hypertension and less likely for signs of preterm labor.
Conclusions: These results suggest that ACS more than other components of the intervention may have contributed to
the overall increased neonatal mortality. ACS may have also been involved in the observed increased risk of neonatal
infection and death. Further trials are urgently needed to clarify the effectiveness and safety of ACS on neonatal health
in low resource settings.
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Background
Preterm birth remains a leading cause of child mortality
and morbidity [1]. To reduce neonatal mortality associated with preterm birth, antenatal corticosteroids (ACS)
for pregnant women at high risk of preterm delivery is
among the most effective hospital-based interventions in
high resource settings [1–7]. Currently, less than 10 %
and less than 50 % of women at risk of preterm delivery
in low income countries and middle income countries,
respectively, receive ACS [5, 8]. Scaling up ACS has been
a priority for some international health organizations
[9, 10]. To that purpose, the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (NICHD)’s Global Network for Women and
Children’s Health Research Antenatal Corticosteroids
Trial (ACT) [11, 12] assessed the feasibility, effectiveness, and safety of a complex intervention to increase
the use of ACS at all levels of care at seven study
sites in low and middle-income countries (LMIC)
(Argentina, Guatemala, Kenya, Zambia, Pakistan and
India [2 sites]). Because the gestational age data in
those settings was unreliable, we elected to define the
target group as those pregnancies delivering an infant
at a weight below the site-specific 5th percentile.
Overall, the intervention effectively increased the use
of ACS among women who delivered infants with a
birthweight below the 5th percentile. Forty-five percent
of <5th percentile births in the intervention group compared to 10 % in the control group received at least
one dose of ACS (p < 0.0001). Of all women who received antenatal corticosteroids in the intervention
group, 976 (16 %) of 6109 had delivered a less-than5th-percentile infant. However, the intervention did
not significantly reduce neonatal mortality for infants
with birthweight <5th percentile and was associated
with an overall increase in neonatal deaths by 3.5 per
1000 livebirths in the intervention compared to the
control group [12]. This harmful effect on neonatal
mortality was observed among infants with a birthweight greater than the 25th percentile. The intervention was also associated with a significant increase of
suspected infection in the women (2.5 % intervention
vs. 1.7 % in controls, p < 0.0001).
The ACT results raised questions about pathways
through which the intervention may have increased neonatal mortality in the general population of the intervention group. The trial was pragmatic in design, with
limited data collection beyond study outcomes. The
intervention was multifaceted, including training on
identification of women at risk for preterm birth as well
as ACS administration, the ability to identify the causal
pathways of the increased mortality is limited. Nevertheless, because ACT is the largest trial of ACS in LMICs
to date and because of the unanticipated results, we
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conducted a series of post-hoc secondary analyses to explore the trial outcomes further.
The aim of these secondary analyses was to explore
plausible pathways through which the multifaceted intervention might increase neonatal mortality in the overall
populations of the intervention group compared to the
control group.

Methods
Study design and participants

ACT was an 18-month, two-arm, parallel, clusterrandomised trial to assess the feasibility, effectiveness,
and safety of a multifaceted intervention designed to increase the use of antenatal corticosteroids at all levels of
health care in low-income and middle-income countries.
The trial methods and results are described in detail
elsewhere [11, 12]. Briefly, we randomly assigned rural
and semi-urban clusters within six countries (Argentina,
Guatemala, Kenya, Zambia, Pakistan and India [2 sites])
to standard care or a multifaceted intervention including
components to improve identification of women at risk
of preterm birth, referral for care, and to facilitate appropriate use of antenatal corticosteroids. The primary outcome was 28-day neonatal mortality among infants less
than the 5th percentile for birthweight (defined by sitespecific data as a proxy for preterm birth). Additionally,
use of antenatal corticosteroids, neonatal and perinatal
mortality, and suspected maternal infection were measured for all births, irrespective of birthweight.
The outcome data were collected independently by
trained Registry Administrators in a prospective maternal and newborn health (MNH) registry [13, 14], which
enrolled and collected outcomes for all pregnant women
residing within the study clusters, defined geographic
areas which included health facilities. In addition, in
the ACT intervention clusters, process data were collected on the use of ACS and the characteristics of the
eligible women. The trial period included births between
October 2011 and March 2014, depending on each site’s
18-month enrollment period, with most occurring in 2012
and 2013. Additionally, we included data collected during
the pretrial period for births occurring mainly in 2010,
although the pretrial period included some births in
2011 and 2012 in four clusters in Belgaum that were
added in 2011.
Research questions

1) Were ACS a direct cause of the increased mortality
in the intervention group? The multifaceted
intervention effectively increased the ACS use fourfold in women who delivered <5th-percentile for
birthweight infants (45 % vs 10 %) and six-fold
among all women with livebirths (12 % vs 2 %), in
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intervention compared to control clusters [12].
However other components of the multifaceted
intervention could have played a role in the observed
effects. To strengthen the hypothesis of ACS as the
main cause, an increased use of ACS should be
observed among the neonatal deaths in the
intervention group compared to the control group
as well. To answer this question we compared the
proportion of neonatal deaths receiving ACS
between the intervention and control groups among
all neonatal deaths and in the deaths of babies ≥25th
percentile for birthweight, the group among whom
the increase in mortality was concentrated.
2) Did the ACT intervention affect the quality of care
in the intervention compared to the control group?
An explanation of the increased mortality could be
that the intervention affected the quality of perinatal
care and thereby increased neonatal mortality
[15, 16]. We hypothesized that the harmful effects
could have been mediated or confounded by aspects
of care other than ACS, namely, the process of
antenatal, obstetric and neonatal care. To answer
this we compared the antenatal and delivery care
processes between the intervention and control
groups, taking into consideration pre-trial imbalances.
We have focused on detecting potential clinically
relevant differences in the process of care rates, rather
than statistical differences. With these large numbers,
small and clinically not important differences would
appear as statistically significant, thus we have not
conducted statistical tests for the analysis answering
this question.
3) Did the intervention increase the risk of neonatal
severe infection in the intervention compared to
the control group? One hypothesis was that
infection was the pathway by which neonatal
mortality increased, based on the known
immunosupresor effect of corticosteroids [17]. As
reported in the primary paper, suspected maternal
infection was higher in the ACT intervention arm
[3 %] compared to the control arm [2 %]) [12]. Data
on confirmed maternal or neonatal infection were
not collected for the trial. However, clinical
symptoms data were used to define neonatal
possible severe bacterial infection (pSBI) based on
the World Health Organization Young Infants
Clinical Signs Study criteria [18]. An infant with any
of the following was defined as having pSBI:
breathing difficulty, feeding problems (i.e., stopped
suckling or feeding), high fever (>38 °C),
hypothermia (<35 °C), convulsions, and bleeding
or pus-like discharge from umbilicus. The goal of
this analysis was to compare pSBI rates, and pSBI
plus death rates, in the first 6 weeks of life in
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intervention vs. control groups, adjusting for
pre-trial imbalances.
4) Were factors related to ACS administration (such
as the number of doses and the time between ACS
administration and delivery) or the maternal
conditions at administration associated with
neonatal mortality in the intervention group? In
ACT intervention clusters, health providers were
trained to identify pregnant women before 36 weeks’
gestation at risk of preterm birth (i.e., with signs of
labor, preterm premature rupture of membranes,
pre-eclampsia or eclampsia, or obstetric
hemorrhage) and to administer one course of
dexamethasone every 12 h. The main aim of this
observational analysis was to assess whether factors
related to ACS administration were associated with
neonatal death. To assess this, we compared the
frequency of the factors related to ACS administration
between the neonatal deaths and those who survived
to 28 days, among livebirths whose mothers were
identified as high risk for preterm birth and received
ACS in the intervention clusters. We focused on the
subgroup of term babies (≥37 weeks gestation), as
the harmful effect was primarily in this group, and
to reduce the confounding effect of gestational age
in the comparison between neonatal deaths and
survivors.
The definitions for variables constructed from the
study data forms for these analyses are provided in
Appendix 1. Unless otherwise noted, the remaining
variables are defined as collected on the study forms.
Statistical analyses

Generalized linear models were used to assess differences between groups and to develop point and interval
estimates for relative risk (RR) of the outcome of interest. Models were log binomial when possible; otherwise
Poisson models were utilized. Generalized estimating
equations were used to account for the correlation of
outcomes within cluster to develop appropriate confidence intervals. In general, models included adjustment
for randomization strata except that research site, rather
than strata, was included in models assessing differences
in the intervention group only (research question 4). For
question 3, the proportions of infants with pSBI in
clusters assigned to receive the intervention and in control clusters were compared during the pretrial period
and during the trial period. Relative risks for pSBI during
the trial period were estimated with adjustment for
randomization strata only and again with adjustment for
both strata and the pretrial proportions of pSBI at the
cluster level. All tests were performed at a nominal significance level of α = 0.05. Due to the exploratory nature
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of the analyses, no correction was made for multiple
comparisons. Additional statistical methods are noted
under the results of each question, as needed. Analyses
were done by RTI International with SAS versions 9.3
and 9.4 (SAS Institute, Cary, NC, USA).
Approvals

The ACT trial was reviewed and approved by the ethics
committees at each site, the World Health Organization
and the Eunice Kennedy Shriver National Institute of
Child Health and Human Development (NICHD). An
independent data monitoring committee appointed by
NICHD reviewed the progress of the trial, as specified in
the protocol. All women provided informed consent
prior to enrollment.
Role of the funding source

Staff from the funder (NICHD) had input into study
questions and data interpretation and reviewed and approved the report. However, the authors’ views do not
necessarily represent those of the NICHD. The authors
had access to all the data in the study upon request and
all reviewed and approved the paper prior to submission.

Results
The study populations for each analysis are shown in
Fig. 1. Overall, the population included 48,219 women
and 48,698 babies (47,394 live births) in the ACT intervention group and 51,523 women and 52,007 babies

Fig. 1 Trial profile and analyses
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(50,743 live births) in the control group. At 28 days,
there were 1300 neonatal deaths (27.4/1000 livebirths) in
the intervention group and 1211 (23.9/1000 livebirths)
in the control group. When we limited analyses to the
newborns whose mothers received ACS in the intervention group, the population included 6109 women and
6257 babies (of whom 5971 were livebirths).
Antenatal corticosteroids as a cause of neonatal mortality

The ACS exposure among the infants who died up to
28 days was 29 % in the intervention group compared to
6 % in the control group. Among infants who were
≥25th percentile for birthweight and died up to 28 days,
the ACS exposure was 11 % and 2 % in the intervention
and control groups, respectively.
Did the intervention change the process of care
compared to the control group?

There were no substantial differences in antenatal care
attendance rates between the groups. The proportion of
women screened for syphilis or HIV was also similar
between groups, as were the use of preventive interventions such as tetanus vaccine and prenatal vitamins or
iron (Table 1). Fewer women in the intervention group
were delivered by a physician or in hospital during the
trial period. However, similar differences in delivery location and attendant existed during the pretrial period,
as well. A smaller proportion of women in the intervention group delivered at facilities with C-section
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Table 1 Factors related to process of care by ACT treatment group among all births (SB + LB)
Characteristic

Pretrial

Trial

Treatment

Control

Treatment

Control

30,492

34,533

48,219

51,523

Any antenatal care

28,743 (94.4)

32,801 (95.1)

Number of antenatal visits

Data not collected during pretrial period

Deliveries, N
Antenatal Care

45,374

48,052

0

1216 (2.7)

1111 (2.3)

>3

24,663 (54.4)

25,491 (53.0)

43,980

46,632

1st

22,196 (50.5)

24,801 (53.2)

2nd

14,648 (33.3)

14,059 (30.1)

3rd

7136 (16.2)

7772 (16.7)

Trimester of 1st antenatal visit

Administration of diagnosis tests or preventive care
Syphilis or HIV test

21,944/30,435 (72.1)

24,071/34,446 (69.9)

37,975/47,961 (79.2)

40,343/51,185 (78.8)

Tetanus toxoid vaccine

26,892/30,422 (88.4)

30,467/34,478 (88.4)

40,313/47,980 (84.0)

44,453/51,219 (86.8)

Prenatal vitamin/iron

27,706/30,405 (91.1)

30,829/34,472 (89.4)

44,321/47,952 (92.4)

47,212/51,191 (92.2)

Delivery care
Delivery attendant

30,490

34,531

48,215

51,519

Physician

10,305 (33.8)

12,709 (36.8)

19,122 (39.7)

23,233 (45.1)

Nurse/nurse midwife/LHW

10,348 (33.9)

10,094 (29.2)

18,166 (37.7)

15,366 (29.8)

9837 (32.2)

11,728 (34.0)

10,927 (22.7)

12,920 (25.1)

TBA/Family/Unattended
Delivery location
Hospital

30,482

34,494

48,217

51,519

12,013 (39.4)

15,008 (43.5)

23,798 (49.4)

27,345 (53.1)

Clinic

8486 (27.8)

7619 (22.1)

13,593 (28.2)

11,675 (22.7)

Home/Other

9983 (32.8)

11,867 (34.4)

10,826 (22.5)

12,499 (24.3)

C-section

3001 (9.8)

3279 (9.5)

7133/48,218 (14.8)

7655/51,520 (14.9)

Use of new gloves

28,391/30,240 (93.9)

32,262/34,140 (94.5)

44,932/47,860 (93.9)

48,587/51,095 (95.1)

Use of clean razor

27,685/30,263 (91.5)

31,707/34,181 (92.8)

46,963/47,248 (99.4)

49,846/50,261 (99.2)

Births at facility with c-section capabilities

9122/27,831 (32.8)

10,859/31,783 (34.2)

17,802/43,072 (41.3)

21,038/45,190 (46.6)

Births at facility with C-section and neonatal care capabilitiesa

4134/27,831 (14.9)

4590/31,783 (14.4)

11,138/43,072 (25.9)

12,290/45,190 (27.2)

Babies, N

30,762

34,863

48,698

52,007

Babies receiving resuscitation

1451/30,757 (4.7)

2001/34,861 (5.7)

3429/48,535 (7.1)

3973/51,871 (7.7)

a

Neonatal care capabilities include bag and mask, and oxygen or mechanical ventilation

capabilities. No substantial differences were observed
between the proportions of women in the intervention
and control groups who delivered in facilities with all
care capabilities. Additionally, the mode of delivery
was similar in the groups with 15 % cesarean section
during the trial period. Intervention and control
groups also had similar use of new gloves (approximately 94 %), and a clean razor to cut the umbilical
cord (99 %), as available measures of quality of care.
The proportion of babies that received resuscitation was
slightly lower in the intervention than in the control group
(7.1 % vs 7.7 %), but a similar trend was observed in the
pre-trial period (4.7 % vs 5.7 %).

Did the intervention increase risk of neonatal possible
severe bacterial infection (pSBI)?

During the pretrial period, 12.4 % of live born infants in
the ACT intervention group versus 14.2 % of infants in
control clusters had pSBI (Table 2). Risk of pSBI was not
significantly different for infants during the pretrial
period in intervention versus control clusters overall
[adjusted RR: 0.95 (0.75–1.21), p = 0.68]. Similarly,
during the trial period risk of pSBI was not significantly different for infants in intervention compared
to control clusters overall after adjustment for pretrial
rates [14.8 % vs. 13.9 %, adjusted RR: 1.05 (0.92–1.20), p =
0.44]. Among infants with birth weight <25th percentile,
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Table 2 pSBI and pSBI plus death in the first 6 weeks of life among live born infants in ACT intervention clusters during the pretrial
and trial periods
pSBI
Characteristic
Pretrial, N
pSBI, n (%)
ACT period, N

Intervention

Control

29,783

33,900

3702 (12.4)

4814 (14.2)

Adjusted RR (95 % CI) of pSBI Intervention vs. Adjusted RR (95 % CI) of pSBI Intervention vs.
Controla
Control w/adjustment for pretrial pSBI %a

0.95 (0.75–1.21)

46,688

49,990

6891 (14.8)

6945 (13.9)

1.01 (0.89–1.14)

1.05 (0.92–1.20)

< 25 P

2718/10,479
(25.9)

2818/10,726
(26.3)

0.99 (0.89–1.11)

1.03 (0.92–1.15)

≥ 25th P

4058/36,007
(11.3)

4015/39,030
(10.3)

1.10 (0.95–1.28)

1.15 (0.98–1.35)

Characteristic

Intervention

Control

Adjusted RR (95 % CI) of pSBI & death
Intervention vs. Controla

Adjusted RR (95 % CI) of pSBI & death Intervention
vs. Control w/adjustment for pretrial pSBI %a

Pretrial, Nb

29,780

33,892

Had pSBI and
died, n (%)

681 (2.3)

829 (2.4)

ACT period, N

46,688

49,990

Had pSBI and
died, n (%)

1132 (2.4)

1018 (2.0)

1.16 (1.04–1.29)

1.17 (1.04–1.30)

< 25th Pc

627/10,479
(6.0)

601/10,726
(5.6)

1.02 (0.90–1.16)

1.03 (0.90–1.17)

≥ 25th P

405/36,007
(1.1)

317/39,030
(0.8)

1.36 (1.13–1.64)

1.36 (1.12–1.65)

pSBI, n (%)
th

c

pSBI and Death

0.96 (0.87–1.07)

a
Relative risks and confidence intervals from log binomial or poisson models fit to the binary pSBI or pSBI and death outcome that included effects for
randomization strata and intervention group, with and without adjustment for pretrial pSBI proportions at the cluster level. Relative risks significantly different
from 1.0 are shown in bold
b
11 infants born in the pretrial period who had pSBI and were missing 6 week status were excluded (three intervention, eight control)
c
Birth weight percentile was missing for 436 (0.5 %) infants (intervention: 202, control: 234) with missing measured birth weight

the relative risk during the trial period was similar to that
in the overall population [adjusted RR: 1.03 (0.92–
1.15), p = 0.63]. However, in infants with birth weight
≥25th percentile we observed a marginally significant
15 % increase in the risk of pSBI [adjusted RR: 1.15
(0.98–1.35), p = 0.08].
The risk of pSBI plus neonatal death did not differ significantly during the pretrial period for the intervention
versus control group [2.3 % vs. 2.4 %, adjusted RR: 0.96
(0.87–1.07), p = 0.45]. During the trial period, the risk of
pSBI and death was increased for infants in the intervention compared to control group overall [2.4 % vs. 2.0 %,
adjusted RR: 1.17 (1.04–1.30), p = 0.008]. Similarly,
among infants with birth weight ≥25th percentile risk
of pSBI plus death was increased during the trial
period for infants in the intervention compared to
control group [adjusted RR: 1.36 (1.12–1.65), p =
0.002]. However, among infants with birth weight <25th
percentile, no increased risk of pSBI plus death was
observed in the intervention group [adjusted RR: 1.03
(0.90–1.17), p = 0.67.]

Which factors related to ACS administration were
associated with neonatal deaths?

Factors related to ACS administration in the treatment
group among the infants who died compared to those
who survived to day 28 are shown in Table 3, by term
versus preterm delivery. Overall, infants who died were
more likely to have mothers who received ACS within
7 days of delivery compared to those who survived
28 days (58.2 % vs 32.0 %; p < 0.0001). They were also
more likely to receive fewer doses of dexamethasone;
32.5 % of infants who died received only one dose
compared to 20.9 % in those who survived 28 days.
Regarding the maternal conditions at the time of ACS
administration, those women whose infants died were
less likely to have been identified due to signs of preterm
labor and more likely to have had hypertension or
hemorrhage. Where a woman was identified or received
the first dose did not vary substantially for infants who
died compared to those who survived. In the group of
term babies a similar pattern was observed. Term infants
who died were more likely to have mothers who received
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Table 3 ACS administration characteristics in neonatal deaths <28 days compared to survivors at 28 days by prematurity among
those identified by the intervention who received steroids
Characteristic- n (%)

Women, N
Time since 1st dose to delivery
Less Than 2 Days

Preterm

Totalb

Term

ND
<28d

LB, alive
at 28d

204

1639

203

1633

101 (49.8)

765 (46.8)

Pa

*

ND
< 28d

LB, alive
at 28d

100

3672

98

3597

16 (16.3)

411 (11.4)

Pa

*

ND
< 28d

LB, alive
at 28d

304

5311

301

5230

117 (38.9)

1176 (22.5)

2–7 Days

48 (23.6)

263 (16.1)

10 (10.2)

232 (6.4)

58 (19.3)

495 (9.5)

8–30 Days

26 (12.8)

279 (17.1)

14 (14.3)

808 (22.5)

40 (13.3)

1087 (20.8)

More than 1 month

28 (13.8)

326 (20.0)

58 (59.2)

2146 (59.7)

86 (28.6)

2472 (47.3)

193

1569

99

3626

292

5195

1 dose

82 (42.5)

622 (39.6)

13 (13.1)

464 (12.8)

95 (32.5)

1086 (20.9)

2 doses

16 (8.3)

120 (7.6)

7 (7.1)

141 (3.9)

23 (7.9)

261 (5.0)

3 doses

7 (3.6)

64 (4.1)

0 (0.0)

68 (1.9)

7 (2.4)

132 (2.5)

4 doses

88 (45.6)

763 (48.6)

79 (79.8)

2953 (81.4)

167 (57.2)

3716 (71.5)

Doses of 6 mg Dexamethasone Received

Maternal conditions at moment of receiving corticosteroids

204

1639

Signs of preterm labor

139 (68.1)

1208 (73.7)

PPROM

45 (22.1)

390 (23.8)

Hemorrhage

31 (15.2)

128 (7.8)

Hypertension

32 (15.7)

Other

5 (2.5)

Where was the woman first identified?

*

100

3672

74 (74.0)

2910 (79.2)

*

304

5311

213 (70.1)

4118 (77.5)

16 (16.0)

627 (17.1)

61 (20.1)

1017 (19.1)

4 (4.0)

191 (5.2)

35 (11.5)

319 (6.0)

233 (14.2)

24 (24.0)

531 (14.5)

56 (18.4)

764 (14.4)

39 (2.4)

1 (1.0)

128 (3.5)

6 (2.0)

167 (3.1)

**

**

204

1639

100

3672

304

5311

Community level

109 (53.4)

897 (54.7)

72 (72.0)

2322 (63.2)

181 (59.5)

3219 (60.6)

Primary health care

69 (33.8)

463 (28.2)

22 (22.0)

934 (25.4)

91 (29.9)

1397 (26.3)

Hospital

26 (12.7)

279 (17.0)

6 (6.0)

416 (11.3)

32 (10.5)

695 (13.1)

Where was the injection given, N

204

1639

100

3672

304

5311

204

1639

100

3672

304

5311

Home

32 (15.7)

280 (17.1)

19 (19.0)

820 (22.3)

51 (16.8)

1100 (20.7)

Health Center

139 (68.1)

950 (58.0)

72 (72.0)

2332 (63.5)

211 (69.4)

3282 (61.8)

Hospital

33 (16.2)

409 (25.0)

9 (9.0)

520 (14.2)

42 (13.8)

929 (17.5)

118

974

86

3198

204

4172

Home

31 (26.3)

317 (32.5)

30 (34.9)

1184 (37.0)

61 (29.9)

1501 (36.0)

Health Center

50 (42.4)

401 (41.2)

48 (55.8)

1523 (47.6)

98 (48.0)

1924 (46.1)

Hospital

37 (31.4)

256 (26.3)

8 (9.3)

491 (15.4)

45 (22.1)

747 (17.9)

1st dose

2nd dose

Pa

**

**

*

**

a

P-value for a binary outcome of death are from generalized linear models with generalized estimating equations to estimate parameters while controlling for
cluster correlations. All models are also adjusted for clinical site. In a few instances with small cell counts, p-values are calculated from CMH test adjusted for
clinical site ‘*’ indicates statistical significance between 0.0001 to <0.05. ‘**’ indicates statistical significance <0.0001, and blank indicates non-significance
b
Limited to live births with prematurity status available (5615/6109 (92 %) of women in the intervention group who were identified as high risk for preterm birth
and received steroids)

ACS within 7 days of delivery compared to survivors
(26.5 % vs 17.9 %; p = 0.0140), and were also more likely
to have mothers who had hypertension and less likely
to have mothers who were identified due to signs of
preterm labor, compared to survivors. However there
were no substantial differences in the number of
doses received.

Discussion
In these secondary analyses of the ACT trial, we explored pathways through which the multifaceted intervention may have increased neonatal mortality in the
overall population. First, to determine whether ACS or
other components of the intervention could have been
responsible for the increased neonatal mortality, we
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observed that babies who died in the intervention group
received ACS five times more frequently than those in
the control group. On the other hand, the process of
care was either not clinically different between groups,
or the lower rates of hospital births observed in the
intervention group compared to control group were preexistent. Second, while the 5 % increase observed in risk
of pSBI for infants in the intervention group compared
to control was not statistically significant, risk of pSBI
plus neonatal death was 17 % greater in the intervention
group, a statistically significant increase. Finally, exploring which factors of ACS administration were associated
with neonatal deaths, we observed that 27 % of term
born infants who died received ACS within 7 days of delivery, compared to 18 % of survivors at 28 days. Term
babies who died were also more likely to have had
mothers identified due to hypertension and less likely
due to signs of preterm labor, compared to survivors.
Because this is a secondary analysis of a trial not designed to answer these questions, the results should be
considered with caution, but may suggest further lines of
research.
The difference observed in neonatal deaths receiving
ACS between trial groups, plus the lack of differences in
the antenatal and delivery health care process attributable to other components of the multifaceted intervention, strengthen the potential role of steroids as a direct
cause of the increased mortality. Moreover, the magnitude of the difference (29 % of neonatal deaths with
ACS in intervention vs 6 % in control group) is enough
to account for the 11 % higher neonatal mortality rate
observed in the intervention clusters [12].
Our findings suggest an increased risk of neonatal severe infection associated with the intervention, primarily
for infants with birth weight at or above the 25th percentile. These findings should be interpreted cautiously
because this outcome was defined as a composite of
clinical signs and symptoms reported by health care
workers or family members that has shown a moderate
degree of misclassification [19]. Nevertheless, the results
are consistent with the increase in suspected maternal
post-partum infection reported in the primary trial paper
associated with the multifaceted intervention [12]. Furthermore, the trend observed in increased risk of pSBI
and the stronger significantly increased risk of pSBI plus
death among infants in the intervention group at and
above the 25th percentile for birthweight, are in agreement with the harmful effect on neonatal mortality also
concentrated among those infants reported in the primary
trial paper [12], as well as in term infants. Additionally, a
systematic review of small ACS trials reporting outcomes
in babies who delivered later than 7 days after ACS administration showed a non-significant 59 % increase in the
rates of infant proven infection, however based only on
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one trial [20]. No trials included in the Roberts & Dalziel
2006 Cochrane systematic review reported neonatal infection outcomes in babies born after at least 36 weeks of
gestational age [4]. Although this information is far
from proving a causal association, neonatal infection
should be further investigated as a main outcome in future research studies.
Finally, it is difficult to interpret the observed associations between a shorter time period between ACS
administration and delivery and different maternal conditions at identification as high risk patients (more
mothers identified due to hypertension and fewer due to
signs of preterm labor) in those babies who received
ACS and died compared to those receiving ACS and
survived, and should be considered cautiously. First,
residual confounding is a possible explanation of differences of such moderate magnitude. Although we focused on the subgroup of term babies trying to prevent
confounding by gestational age at birth (babies who died
were more likely to be preterm than survivors; and babies born preterm are theoretically more likely to have
shorter time period between ACS administration and
delivery), differences in gestational age between deaths
and survivors are still likely among the babies at term.
Unfortunately, the poor gestational age ascertainment at
the sites precluded stratification by weeks of gestational
age. Second, we would have expected that the time
period had been longer and not shorter in the deaths
than in survivors, based on the observed harmful effect
on neonatal mortality concentrated among ≥25th percentile and term babies [12]. Nevertheless, while ACS
are not associated with a change in the latency period
prior to preterm delivery in high resource environments, the co-morbidities of nutritional deficiencies
and pregnancy abnormalities unique to low resource
environments could have resulted in the unanticipated
outcomes.

Conclusions
In summary, these secondary analyses suggest that ACS
more than other components of the multifaceted intervention may have been involved in the observed increased neonatal mortality, and also in the observed
increased risks of potential severe infections reported in
this paper. No clear interpretations can be drawn about
the characteristics of ACS administration that could
have been associated with a higher risk of neonatal
death. These interpretations should be considered cautiously and no practical implications can be derived from
them. However, they support that further trials are urgently needed to clarify the effectiveness and safety of
ACS on neonatal health in low resource settings, and
that neonatal infection should be included as a main
outcome in such trials.
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Appendix

Table 4 Variable definitions
Variable

Definition and Notes

<5th percentile for birthweight status

The less-than-5th-percentile birthweight group (referred to as less-than-5th-percentile infants)
was a proxy for preterm birth and, in view of the differences in birthweight distributions across
the sites, was established separately for each site on the basis of birthweight data for the pretrial
year. Site-specific cutoffs were 2450 g for Argentina, 2400 g for Zambia, 2267 g for Guatemala,
2000 g for Belgaum, India, 2150 g for Pakistan, 2000 g for Nagpur, India, and 2500 g for
Kenya. Infants were classified as less than 5th percentile on the basis of measured birthweights.
Estimated weights by clinical assessment were used when measured weights were unavailable;
those missing both estimated and measured weights were classified as less than 5th percentile
(since based on historical data, most of the missing data were for preterm infants).

<25th percentile for birthweight status

We limited this variable to those with measured birthweight. Those with only estimated
birthweight or missing birthweight were excluded. We used site-specific cut offs for the 25th
percentile for birthweight.

Preterm/term

The baby’s preterm birth status was calculated using gestational age from last menstrual period
and estimated due date. Additionally, we classified or reclassified those with measured birth
weight (regardless when measured) greater than or equal to the 95th percentile for weight at
36 weeks gestational age (using site-specific cut offs using WHO weight percentiles calculator
that gives gestational age specific distributions http://www.who.int/reproductivehealth/topics/
best_practices/weight_percentiles_calculator.xls)) and less than 5500 g as term. 4292 (7 %) of
births were coded on weight alone and did not have a GA based on EDD or LMP. This variable
resulted in a preterm birth percentage of 11 % of the total population (10 % of live births).

Gestational age band

Beginning with the preterm variable above, we coded the gestational age bands. We first
determined whether the gestational age was “well dated”. Pregnancies dated from the actual
date of delivery, with a date that is unknown/estimated or without a method recorded for
determining the delivery date were considered not well dated. Pregnancies dated from LMP,
clinical exam, USG were considered well dated. If the method of obtaining the delivery date was
based solely on LMP, then we kept the gestational age from LMP. Otherwise, if the method was
clinical exam or USG, or a combination of LMP and one of these, then we kept the gestational
age from EDD.

Suspected maternal infection

Composite of process outcomes including receipt of antibiotics plus hospital admission or
referral, and one or more of the following: receipt of intravenous fluids, surgery, or other
treatment related to infection. Additionally, women with postpartum signs and symptoms of
severe sepsis with admission to hospital or sepsis as the primary cause of maternal death were
included. The definition also included evidence of antepartum or post-partum infection for
mothers with infants with a birthweight less than 2500 g. Antepartum infection was defined as:
Antepartum hyperthermia ≥38 °C AND (Chorioamnionitis OR Purulent amniotic fluid) OR Postpartum
Infection was defined as: Sepsis postpartum OR (postpartum hyperthermia ≥38 °C AND Antibiotics
IM or IV AND at least one of the following: surgery site Infection, foul smelling lochia OR
any postpartum intervention (Hysterectomy, Curettage/MVA/Evacuation, blood transfusion)).

Neonatal possible severe bacterial infection (pSBI)

Neonatal symptoms occurring during the first 6 weeks of life and reported in the GN Maternal
and Newborn Health (MNH) Registry were used to derive estimates of possible severe bacterial
infection (pSBI) based on the WHO Young Infants Clinical Signs Study criteria [Young Infants
Clinical Signs Study Group 2008] to the extent possible given the information recorded in the
registry. The presence or absence of each of the following symptoms was recorded in the
registry, with a “yes” response considered consistent with pSBI: breathing problems/difficulty
breathing, feeding problems/stopped suckling/feeding, high fever (>38 °C), hypothermia (<35 °C),
convulsions, and bleeding/pus-like discharge from umbilicus. Infants who died with cause of
death coded “infection” were also counted as having pSBI. Additionally, text fields used to record
information about symptoms and diagnoses as well as cause of death were reviewed. Infants
with any of the symptoms listed above, or infection, sepsis, possible sepsis, septic conditions (eg,
septic rash, septic cord), meningitis, and/or pneumonia in any of the text fields were counted as
having pSBI. The number of pSBI episodes and the exact timing of infection could not be
determined, as dates of diagnosis were not recorded.
Two of the 63,685 livebirths in the ACT pretrial period are missing pSBI status: one infant with
neonatal outcome coded as born alive but cause of death indicated fetal demise (Guatemala,
control) and one infant with missing delivery date (Pakistan, intervention). Of the 98,137 livebirths
in the trial period, 1459 (1.5 %) are missing pSBI status (intervention: 706, control: 753). The
majority (1454) were 2013 births in Pakistan with some or all data collected on revised forms that
did not include the symptom questions used to define pSBI. Three other infants with neonatal
outcome coded as born alive but with cause of death recorded as fetal demise or macerated
stillbirth are missing pSBI status (one from Nagpur, two from Guatemala) and two others from
Kenya.
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Table 4 Variable definitions (Continued)
Some limitations of this definition include the following, We were unable to match YICSS
symptoms completely. Some symptoms, especially breathing problems, were non-specific, as
they overlap with viruses, malaria, prematurity, etc. There was a lack of confirmatory tests such as
blood cultures or chest x-rays and possibly reporting differences between sites.
Location of delivery by availability of delivery and
neonatal care at the facility

We limited the data to births that either occurred at home or at a facility that is generally used
by the women living in the MNH clusters. This included facilities that are physically located
within the geographic boundaries of the clusters and facilities that are outside the cluster, but
are regularly utilized by the women. For each facility, we determined whether or not each of the
following services had been provided to at least two people during the course of the trial: c-section,
bag and mask, and oxygen or mechanical ventilation. If so, then the facility was coded as having the
service. If not, the facility was coded as not having the service. We could then determine whether
each birth occurred at a facility with these services available. The variable has the following levels:
• Home birth
• Delivered at hospital or clinic with none of the maternal/neonatal capabilities
• Delivered at hospital or clinic with some, but not all maternal/neonatal capabilities
• Delivered at hospital or clinic with all maternal/neonatal capabilities
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Abstract
Background: The Antenatal Corticosteroid Trial (ACT) assessed the feasibility, effectiveness, and safety of a multifaceted
intervention to increase the use of antenatal corticosteroids (ACS) in mothers at risk of preterm birth at all levels of care
in low and middle-income countries. The intervention effectively increased the use of ACS but had no overall impact on
neonatal mortality in the targeted <5th percentile birth weight infants. Being in the intervention clusters was also
associated with an overall increase in neonatal deaths. We sought to explore plausible pathways through which this
intervention increased neonatal mortality.
Methods: We conducted secondary analyses to assess site differences in outcome and potential explanations for the
differences in outcomes if found. By site, and in the intervention and control clusters, we evaluated characteristics of the
mothers and care systems, the proportion of the <5th percentile infants and the overall population that received ACS,
the rates of possible severe bacterial infection (pSBI), determined from clinical signs, and neonatal mortality rates.
Results: There were substantial differences between the sites in both participant and health system characteristics, with
Guatemala and Argentina generally having the highest levels of care. In some sites there were substantial differences in
the health system characteristics between the intervention and control clusters. The increase in ACS in the intervention
clusters was similar among the sites. While overall, there was no difference in neonatal mortality among <5th percentile
births between the intervention and control clusters, Guatemala and Pakistan both had significant reductions in neonatal
mortality in the <5th percentile infants in the intervention clusters. The improvement in neonatal mortality in the
Guatemalan site in the <5th percentile infants was associated with a higher level of care at the site and an
improvement in care in the intervention clusters. There was a significant increase overall in neonatal mortality in
the intervention clusters compared to the control. Across sites, this increase in neonatal mortality was statistically
significant and most apparent in the African sites. This increase in neonatal mortality was accompanied by a
significant increase in pSBI in the African sites.
(Continued on next page)

* Correspondence: kklein@iecs.org.ar
1
Institute for Clinical Effectiveness and Health Policy (IECS), Buenos Aires,
Argentina
Full list of author information is available at the end of the article
© 2016 Klein et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Klein et al. Reproductive Health (2016) 13:64

Page 2 of 9

(Continued from previous page)

Conclusions: The improvement in neonatal mortality in the Guatemalan site in the <5th percentile infants was
associated with a higher level of care and an improvement in care in the intervention clusters. The increase in
neonatal mortality in the intervention clusters across all sites was largely driven by the poorer outcomes in the
African sites, which also had an increase in pSBI in the intervention clusters. We emphasize that these results
come from secondary analyses. Additional prospective studies are needed to assess the effectiveness and safety
of ACS on neonatal health in low resource settings.
Trial registration: Trial registration: clinicaltrials.gov (NCT01084096)

Background
The use of antenatal corticosteroids (ACS) is believed to
be among the most effective interventions to reduce
neonatal mortality associated with preterm birth. However, the majority of research on its efficacy and safety
has been conducted in high-resource settings [1–6]. Few
studies on ACS were conducted in low-middle income
countries (LMIC) where the overwhelming majority of
deaths associated with preterm birth occur [7–9]. Of
those studies which have been performed outside of developed countries, several have been in Latin America,
with only a few in Asia or Africa and none in the regions
of the highest burden of mortality [10–12].
The Global Network Antenatal Corticosteroid Trial
(ACT), was a multi-country cluster randomized trial to assess the feasibility, effectiveness, and safety of a multifaceted
intervention developed to increase the use of ACS at all
levels of health care in LMICs [13, 14]. ACT, which was
conducted in seven rural and semi-urban sites in subSaharan Africa, Asia and Latin America, showed that the
intervention increased ACS use in the intervention clusters
(46 % vs.10 % in women with <5th percentile birth weight
live births), but it was not associated with a reduction in
neonatal mortality in the targeted <5th percentile infants in
the intervention clusters. An unexpected finding was that
overall neonatal mortality was higher in intervention
clusters, with the excess mortality occurring in infants
born at >25th percentile site-specific birth weights.
Since ACT was a multi-country intervention, we sought
to explore whether regional differences were associated
with the impact of the ACS intervention. ACT was pragmatic in design and there was limited data collection beyond the primary study outcomes. Thus, the ability to
identify site specific associations is limited. Nonetheless,
given that ACT is the largest trial of ACS use in lowincome countries and the unanticipated results, in this
paper, we further explore neonatal outcomes by site.
Methods
Specific aims

The objectives of this secondary analysis were: 1) to describe the effects of the ACT intervention on neonatal
mortality, use of ACS, and possible severe neonatal

bacterial infection (pSBI) by site; and 2) to assess whether
the observed differences were correlated with either the
use of ACS, differences in maternal characteristics or in
aspects related to care.
Study design and participants

This is a secondary analysis of data collected during the
ACT. The study intervention and methods are described
in detail elsewhere [13]. Briefly, the ACT was a two-arm,
cluster-randomized trial conducted in seven sites of the
Global Network for Women’s and Children’s Health Research (Argentina, Guatemala, Zambia, Kenya, Pakistan,
Belgaum (India) and Nagpur (India)). Clusters were organized into strata based on the 28-day neonatal mortality
rate by site, and then randomized by the data center (RTI
International, Durham, NC, USA). Intervention clusters received a multifaceted intervention (health provider training,
posters, pregnancy discs, uterine height tape, and antenatal
corticosteroids kits). Providers in the intervention clusters
were trained to administer one course of four doses of
6 mg of dexamethasone every 12 h to women identified at
high-risk of preterm birth. Along with providers in the formal health systems, traditional birth attendants and community health workers were also trained to identify women
at risk and initiate treatment. The intervention period was
18-months, with the start date between 2011 and 2012
varying by site based on the site approval date.
Outcome data were collected by trained registry administrators in a prospective, on-going, population-based maternal and newborn health (MNH) registry independent of
the intervention team. The MNH registry was implemented in 2009 [15, 16] so all sites had at least 1 year of
pretrial data was available. MNH data were collected during pregnancy, following delivery and at 6-weeks postpartum to determine basic information regarding use of
antenatal and delivery care, stillbirth, neonatal mortality
and morbidity. Data were collected on observable infant
signs of illness which were used to determine possible severe bacterial infection (pSBI) based on the World Health
Organization definition, as described in detail elsewhere
[Hibberd PL, Hansen NI, Wang M, et al.: Trends in the
Incidence of Possible Severe Bacterial Infection and Case
Fatality Rates in Rural communities in Sub-Saharan
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Africa, South Asia and Latin America, 2010–2013: A multicenter prospective cohort study, forthcoming; 17, 18]. In
addition, in the intervention clusters, we collected data on
women, newborns and intervention process measures.

Statistical analyses

Generalized linear models were used to evaluate the relationship between covariates and the outcomes of interest (neonatal mortality and pSBI) and to develop point
and interval estimates of relative risk (RR) associated
with those risk factors. Generalized estimating equations
accounted for the correlation of outcomes within cluster
to develop appropriate confidence intervals. Analyses
were adjusted for randomization strata. Models were log
binomial when possible, otherwise Poisson models were
utilized. Pre-trial data were analyzed to assess the status
of various measures prior to trial implementation. All
analyses were done by RTI International with SAS versions 9.3 and 9.4 (SAS Institute, Cary, NC, USA).

Ethical approvals
The trial was reviewed and approved by the ethics
committees at each site. In addition, the World Health
Organization and the Eunice Kennedy Shriver National
Institute of Health and Human Development (NICHD)
reviewed and approved the protocol. A Data Monitoring
Committee reviewed the study enrollment and safety. All
women provided informed consent prior to enrollment.
Results
A total of 99,742 women were enrolled in ACT across
the sites including 62,541 in south Asia, 23,021 in subSaharan Africa, and 14,180 in Latin America. Basic maternal characteristics in the sites, as well as in the treatment
and control clusters are presented for all sites (Table 1).
The percent of women who were age <20 years ranged
from 1.8 % in Nagpur, India to 28.8 % in Argentina. Conversely, the percent of women age >35 years of age ranged
from 0.2 % in Belgaum, India to 10.4 % in the Kenyan site.
Rates of women without any formal education ranged

Table 1 Maternal characteristics by site and by intervention (Int) and control (Ctr) clustersa
South Asia (n = 62,541)
Belgaum, India

Nagpur, India

Pakistan

Total

Int

Ctr

Total

Int

Ctr

Total

Int

Ctr

31,530

14,900

16,630

15,095

7,498

7,597

15,916

7,714

8,202

< 20

8.7

7.2

10.0

1.8

1.6

2.0

3.9

3.7

4.1

20 - 35

91.1

92.6

89.8

97.9

98.1

97.7

90.1

91.5

88.9

Women, N
Maternal age, %

> 35

0.2

0.2

0.1

0.3

0.3

0.3

5.9

4.8

7.0

19.3

20.5

18.3

2.5

3.3

1.9

80.9

81.2

80.3

0

43.7

43.8

43.6

45.9

45.1

46.8

19.8

19.5

20.1

1

34.1

35.2

33.8

42.6

43.0

42.4

20.5

20.9

20.2

2+

21.7

21.0

22.6

11.4

11.9

10.8

59.6

59.6

59.7

No formal school %
Parity, %

Sub-Saharan Africa (n = 23,021)
Zambia

Latin America (n = 14,180)
Kenya

Guatemala

Argentina

Total

Int

Ctr

Total

Int

Ctr

Total

Int

Ctr

Total

Int

Ctr

10,018

4,279

5,739

13,003

5,900

7,103

9,773

5,813

3,960

4,407

2,115

2,292

< 20

26.7

25.6

27.5

22.6

22.6

22.6

15.8

15.6

16.1

28.8

28.8

28.7

20 - 35

65.8

66.3

65.5

73.4

73.3

73.4

73.8

74.5

72.9

64.2

64.1

64.3

Women, N
Maternal age, %

> 35
No formal school %

7.4

8.1

7.0

4.0

4.1

4.0

10.4

10.0

10.9

7.0

7.1

7.0

9.7

9.6

9.8

2.7

2.8

2.6

18.1

16.6

20.5

2.0

2.0

1.9

28.8

27.5

29.8

26.4

26.1

26.6

27.6

27.8

27.4

35.4

35.9

35.1

Parity, %
0

a

1

20.1

19.9

20.3

22.2

22.4

22.0

21.7

22.1

21.2

24.7

25.0

24.6

2+

51.1

52.6

49.9

51.5

51.5

51.4

50.6

50.1

51.4

39.7

39.1

40.4

Denominators include missing values
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from 2.0 % in Argentina to 80.9 % in the Pakistan site.
The highest proportion of women with parity >2 was in
Pakistan, where nearly 60 % of women had 2 or more
prior pregnancies compared to a low of 11.2 % in the Nagpur site. Within the sites, the maternal demographics were
generally similar between the intervention and control
clusters.
Table 2 summarizes the indicators of care for each site
during the trial. Rates of women having at least one
antenatal care (ANC) visit ranged from 88.4 % in
Pakistan to 100 % in Belgaum. The frequency of women

having > 3 ANC visits ranged from 80.4 % of Guatemalan
women to less than 20 % in Zambia. In the Indian sites,
from 75 to 90 % of the women initiated ANC during the
first trimester compared to less than 11 % of women initiating early ANC in the African sites. Around 50 % of the
women in the Latin American sites initiated ANC in
the first trimester. Physician delivery ranged from
74.6 % in Argentina to less than 3 % in both African
sites. Women unattended during delivery, or attended
by a family member only, ranged from <1 % in the Nagpur, Guatemalan and Argentinian sites to as many as

Table 2 Process of care by site and by intervention (Int) and control (Ctr) clusters
South Asia
Belgaum

Nagpur

Pakistan

Total

Int

Ctr

Total

Int

Ctr

Total

Int

Ctr

Deliveries, N

31,530

14,900

16,630

15,095

7,498

7,597

15,916

7,714

8,202

Antenatal care (ANC) received, %

100.0

100.0

99.9

99.9

99.9

99.9

88.4

86.9

89.7

>3 ANC visits

60.8

54.6

66.5

73.1

83.1

63.2

31.1

31.0

31.3

ANC visit in 1st trimester

75.6

70.7

80.0

90.0

85.6

94.4

33.5

32.7

34.2

62.0

56.5

66.9

63.5

48.3

78.4

30.5

34.1

27.1

Delivery attendant, %
Physician
Nurse/nurse midwife

33.6

39.3

28.5

35.2

50.4

20.2

26.3

24.9

27.7

Traditional birth attendant

1.1

1.1

1.1

0.6

0.6

0.6

40.7

37.7

43.5

Family/Unattended

3.4

3.2

3.6

0.7

0.6

0.7

2.5

3.3

1.7

Hospital

71.4

68.1

74.4

70.1

63.4

76.7

33.9

27.6

39.8

Clinic

23.6

27.3

20.3

28.4

35.2

21.7

26.3

31.4

21.4

Home/Other

5.0

4.6

5.3

1.4

1.3

1.6

39.8

40.9

38.8

17.4

16.9

17.9

21.5

20.8

22.3

12.3

11.5

13.1

Delivery location, %

C-section, %

Sub-Saharan Africa

Latin America

Zambia

Kenya

Guatemala

Argentina

Total

Int

Ctr

Total

Int

Ctr

Total

Int

Ctr

Total

Int

Ctr

Deliveries, N

10,018

4,279

5,739

13,003

5,900

7,103

9,773

5,813

3,960

4,407

2,115

2,292

Antenatal care (ANC) received

99.7

99.7

99.6

98.8

98.9

98.7

99.0

98.8

99.2

95.5

96.6

94.6

> 3 ANC Visits

19.6

25.2

15.3

43.2

44.8

41.9

80.4

78.4

83.4

63.7

63.6

63.9

ANC in 1st trimester

10.8

10.9

10.7

6.3

8.9

4.1

45.0

47.2

41.8

52.1

46.0

57.6

2.1

1.4

2.5

2.5

3.0

2.1

46.7

47.8

45.1

74.6

68.1

80.7

Delivery attendant, %
Physician
Nurse/nurse midwife

63.4

67.6

60.3

44.9

49.5

41.1

1.5

2.2

0.5

24.9

31.6

18.8

Traditional birth attendant

20.3

16.7

23.0

38.9

31.6

44.9

51.4

49.7

53.9

0.0

0.0

0.0

Family/Unattended

14.2

14.3

14.1

13.7

15.9

11.9

0.5

0.4

0.6

0.4

0.3

0.5

Hospital

20.1

26.8

15.1

15.2

16.8

13.9

43.9

43.6

44.3

99.2

99.1

99.3

Clinic

48.2

46.7

49.4

31.5

35.4

28.4

4.2

6.3

1.1

0.1

0.1

0.1

Home/Other

31.7

26.5

35.6

53.2

47.9

57.7

51.9

50.1

54.6

0.7

0.8

0.6

1.0

0.9

1.2

2.0

2.3

1.7

20.6

21.3

19.6

38.6

35.9

41.1

Delivery location, %

Cesarean section, %

Region

South Asia

Characteristic

Belgaum, India

Nagpur, India

Pakistan

Sub-Saharan Africa
Zambia

Kenya

Guatemala

Latin America
Argentina

Intervention clusters

11.3

9.3

23.4

14.4

2.9

9.1

17.2

Control clusters

1.8

1.3

1.5

0.3

0.4

1.0

9.2

Intervention clusters

133 (249.5)

109 (305.3)

172 (226.3)

30 (151.5)

45 (191.5)

57 (164.7)

20 (219.8)

Control clusters

158 (255.7)

84 (329.4)

172 (250.4)

27 (127.4)

27 (142.9)

39 (234.9)

17 (129.8)

Intervention clusters

378 (25.8)

221 (29.8)

359 (48.4)

83 (19.6)

103 (17.6)

130 (22.6)

26 (12.4)

Control clusters

369 (22.5)

159 (21.3)

397 (49.8)

76 (13.3)

81 (11.5)

102 (26.1)

27 (11.8)

Neonatal deaths <5th %tile

0.96 (0.75, 1.22)

0.94 (0.72, 1.23)

0.89 (0.80, 0.99)

1.43 (0.90, 2.28)

1.30 (0.94, 1.81)

0.75 (0.69, 0.82)

1.60 (0.99, 2.58)

Neonatal deaths All births

1.13 (0.99, 1.27)

1.36 (1.09, 1.71)

0.93 (0.82, 1.07)

1.77 (1.42, 2.20)

1.47 (1.02, 2.12)

0.86 (0.72, 1.03)

1.06 (0.54, 2.09)
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Table 3 ACT intervention effect on antenatal corticosteroid use and 28-day neonatal mortality by site

ACS use among all women %

Neonatal mortality <28 daysa, N (Rate/1000)
Neonatal deaths <5th %tile

Neonatal deaths All births

a

ACT intervention effect on neonatal mortality < 28 days
[RR (95 % CI)b] for intervention versus control

a

The denominator for neonatal deaths is live births
b
Hypotheses test results: Relative Risk (RR) with corresponding 95 % CI and p-values calculated from generalized linear models with generalized estimating equations which account for the cluster-level variance and
are adjusted for randomization strata
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14 % in the African sites. Finally, 99.2 % of Argentina
site women delivered in a hospital compared to 20 % or
less in both African sites. Cesarean section rates ranged
2 % or less in the African sites to nearly 39 % in
Argentina.
The metrics of care varied by intervention and control
cluster status for both antenatal care and delivery care.
In Belgaum, India, measures of ANC tended to be better
in the control clusters, while these measures were better
in the intervention clusters in Nagpur, India. Few substantial differences in ANC between the intervention
and control clusters were observed for other sites. In the
Argentinian and both Indian sites, rates of physiciandelivery were higher in the control clusters compared to
the intervention clusters, while Pakistan and Guatemala
had higher physician-delivery rates in the intervention
clusters. Both African sites had low rates (≤3 %) of physician delivery, which were similar across intervention
groups. With the exception of the two African sites which
had lower rates of hospital births among interventions
clusters, the sites generally had higher rates of hospital
deliveries in the intervention clusters compared to the
control clusters (though differences in Argentina were
negligible). In regard to the rates of hospital delivery,
similar trends between the intervention and control
clusters were observed in the sites during the pre-trial
period (data now shown).
Across all sites, the use of ACS was substantially
higher in the intervention compared to the control clusters (Table 3).
The associations between being in the intervention
clusters and 28-day neonatal mortality among the <5th
percentile birth weight infants varied across sites.
(Table 3, Fig. 1) Overall the intervention was associated with no benefit or harmful effect on all < 5th percentile infants, but a reduction in neonatal mortality
among the <5th percentile birth weight infants in
Guatemala (RR 0.75; 95 % CI 0.69–0.82) as well as
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Pakistan (RR 0.89; 95 % CI 0.80–0.99) (Fig. 2). The experience of the Guatemala site, which showed the
most favorable outcome, is described in detail elsewhere [Garces A, McClure EM, Figueroa L, et al.: A
multi-faceted intervention including antenatal corticosteroids to reduce neonatal mortality associated with
preterm birth: A case study from the Guatemalan
Western Highlands, forthcoming].
For infants of all birth weights, across all sites the
intervention compared to the control clusters was associated with a significant increase in the risk of neonatal
death (RR 1 · 12, 95 % CI 1.02–1.22, p = 0.0127). When
we stratified by site, this relationship was evident in the
African sites: Zambia (RR 1.77; 95 % CI 1.42–2.20) and
Kenya (RR 1.47; 95 % CI 1.02–2.12), and to a lesser extent in Nagpur, India (RR 1.36; 95 % CI 1.09–1.71). A
marginally significant increase was also seen in Belgaum,
India (RR 1.13; 95 % CI 0.99–1.27) (Table 3; Fig. 2). A
significant association was not seen in the other sites.
We assessed the effect of being in the intervention
compared to the control clusters on pSBI, adjusting for
the pre-trial pSBI rates of the clusters. Being in the intervention clusters was associated with a statistically significant increase in pSBI in the African sites, Zambia (RR:
1.87; 95 % CI: 1.55-2.25) and Kenya (RR 1.90; 95 % CI
1.20–3.02). pSBI was not significantly associated with the
intervention for the other sites. (Fig. 3).

Discussion
ACT is a large randomized trial to assess a program
aimed at increasing ACS use among women at risk of
preterm birth. The trial sites represented diverse LMIC
settings across Latin America, Asia and sub-Saharan
Africa. While there was no overall benefit to being in
the intervention group across the entire study, sites in
Guatemala and Pakistan had a significantly lower neonatal mortality in the intervention compared to the

Fig. 1 The RR of 28-day neonatal mortality among <5th percentile live births comparing the intervention to control clusters by site
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Fig. 2 The RR of 28-day neonatal mortality comparing the intervention to control clusters among all births by site

control clusters in the targeted (<5th percentile) infants,
while there was no evidence of benefit or harm in < 5th
percentile infants in the other sites.
Among all infants, the sites in Zambia, Kenya, and
Belgaum and Nagpur (India) had a statistically or marginally significant increase in 28-day neonatal mortality in the
intervention compared to the control clusters. The
Zambian and Kenyan sites also had statistically significant increases in the risk of pSBI associated with the
ACT intervention.
Considerable differences in ANC and obstetric care
were found among the sites. Compared to the Asian and
Latin American sites, the two sites in sub-Saharan Africa
had substantially worse indicators of care. Few women
delivered at a health facility, few deliveries were attended
by a physician and the cesarean section rates were low.
Differences in care between the intervention and control
clusters varied by site. While the clusters were stratified
based on neonatal mortality rates prior to randomization,

many of the differences in care observed between the
intervention and control clusters appeared to precede the
initiation of the ACT intervention. Overall, there were no
clear patterns in the relationships between the outcomes
and care when the intervention and control clusters were
compared. For example, 28-day neonatal mortality was
increased in the intervention clusters in Zambia despite
increases in facility-based deliveries in those clusters.
Similarly, the three sites with increased neonatal mortality had heterogeneous rates of skilled birth attendants at delivery. Kenya and Zambia had less care
provided by traditional birth attendants or family birth
attendants in the intervention compared to the control
clusters, but an increase in overall neonatal mortality
associated with the intervention. In the Pakistan site,
where a slight benefit was associated with the intervention, no substantive differences in the processes of care
were evident between the intervention and control
clusters.

Fig. 3 RR of pSBI comparing the intervention to control clusters among all births by site (adjusted for pretrial pSBI rates)
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In contrast, in the Guatemala site, one of the two countries that showed positive effects associated with the intervention, care at delivery was better in the intervention
compared to the control clusters including the use of ACS
(which reached almost 50 % of the target group), delivery
at a hospital or clinic, delivery by a physician and delivery
by cesarean section. The findings in Guatemala are
explored in detail elsewhere [Garces A, McClure EM,
Figueroa L, et al.: A multi-faceted intervention including
antenatal corticosteroids to reduce neonatal mortality
associated with preterm birth: A case study from the
Guatemalan Western Highlands, forthcoming].
The increased risk of pSBI in neonates associated with
the intervention observed in the Kenyan and Zambian
sites are consistent with the harmful effect on neonatal
mortality also seen in the same countries. This finding is
also in agreement with the overall increase in pSBI and
death associated with the intervention reported in another paper of this series [Hibberd PL, Hansen NI,
Wang M, et al.: Trends in the Incidence of Possible Severe Bacterial Infection and Case Fatality Rates in
Rural communities in Sub-Saharan Africa, South Asia
and Latin America, 2010–2013: A multicenter prospective cohort study, forthcoming]. Although these
observations should be considered cautiously, they
strengthen the plausibility that neonatal infection could
have played a role in the observed harmful effect on neonatal mortality.

Conclusions
Across all the sites there was no reduction in neonatal
mortality in the <5th percentile infants. However,
Guatemala and to a lesser extent Pakistan had significant
reductions in neonatal mortality in these infants.
Guatemala, which had better indicators of care compared
to some of the other sites and also in the intervention
compared to the control clusters, showed benefit in the
intervention compared to the control clusters in the targeted birth weight group. On the other hand, Kenya and
Zambia showed a significant increase in neonatal mortality, as well as in suspected neonatal infection. Neonatal infection should be further investigated as a main outcome
in future research studies.
These observations are intended as exploratory in
nature and trends were not consistent across all sites.
Because of the importance of identifying effective interventions to reduce neonatal mortality in the geographic
areas with highest burden, further research is needed to
define the impact of ACS across diverse settings in LMIC.
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Abstract
Background: Possible severe bacterial infections (pSBI) continue to be a leading cause of global neonatal mortality
annually. With the recent publications of simplified antibiotic regimens for treatment of pSBI where referral is not
possible, it is important to know how and where to target these regimens, but data on the incidence and
outcomes of pSBI are limited.
Methods: We used data prospectively collected at 7 rural community-based sites in 6 low and middle income countries
participating in the NICHD Global Network’s Maternal and Newborn Health Registry, between January 1, 2010
and December 31, 2013. Participants included pregnant women and their live born neonates followed for
6 weeks after delivery and assessed for maternal and infant outcomes.
Results: In a cohort of 248,539 infants born alive between 2010 and 2013, 32,088 (13 %) neonates met symptomatic
criteria for pSBI. The incidence of pSBI during the first 6 weeks of life varied 10 fold from 3 % (Zambia) to 36 %
(Pakistan), and overall case fatality rates varied 8 fold from 5 % (Kenya) to 42 % (Zambia). Significant variations in
incidence of pSBI during the study period, with proportions decreasing in 3 sites (Argentina, Kenya and Nagpur,
India), remaining stable in 3 sites (Zambia, Guatemala, Belgaum, India) and increasing in 1 site (Pakistan), cannot
be explained solely by changing rates of facility deliveries. Case fatality rates did not vary over time.
Conclusions: In a prospective population based registry with trained data collectors, there were wide variations
in the incidence and case fatality of pSBI in rural communities and in trends over time. Regardless of these
variations, the burden of pSBI is still high and strategies to implement timely diagnosis and treatment are still
urgently needed to reduce neonatal mortality.
Trial registration: The study was registered at ClinicalTrials.gov (NCT01073475).
Keywords: Neonatal sepsis, Low middle income countries, Possible severe bacterial infections, Incidence of
neonatal sepsis, Case fatality rates from neonatal sepsis, Global health
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Background
The annual global burden of mortality in children under
age 5 years decreased by 36 % from 9.9 million in 2000
to 6.3 million in 2013, mostly due to reductions in mortality due to pneumonia, diarrhea and measles in children aged 2–59 months [1]. Over the same time period,
there was only a 30 % reduction in the annual neonatal
mortality rate from 4 million to 2.8 million, so that the
proportion of under age 5 deaths that occurred in
neonates increased from 38 to 44 % [2]. Most of the
neonatal deaths continue to be attributed to preterm
birth, intrapartum related complications (birth asphyxia)
and neonatal sepsis/meningitis/pneumonia due to possible severe bacterial infections (pSBI) [1]. The recently
published studies of simplified antibiotic regimens for
treatment of neonatal pSBI provide a potential way to
reduce part of the burden of neonatal mortality in settings where hospitalization is not accepted or available
[3,4], but the impact of these new regimens and optimal
ways to make them available globally is not clear, [5,6]
because there is limited information on the incidence
and case fatality rates of pSBI. To our knowledge, only
one systematic review and meta-analysis estimates the
global incidence and mortality due to neonatal infection,
in one year - 2012 [7]. There is an important need to
confirm these estimates of neonatal pSBI incidence and
case fatality rates using prospectively collected, population based data, in which the outcomes of all pregnancies are recorded and to evaluate recent trends over
time, particularly as facility births and survival of preterm infants increase.
The diagnosis of possible severe bacterial infection/
neonatal sepsis is challenging even in well-equipped tertiary care facilities in resource rich settings [8,9]. In resource limited settings where there is a lack of access to
microbiologic, hematologic and biochemical laboratory
studies, the World Health Organisation’s (WHO) Integrated Management of Childhood Illness (IMCI) algorithm is used to make a clinical diagnosis of possible
severe bacterial infection (pSBI), which includes sepsis,
meningitis and pneumonia in young infants and neonates [10]. However, the signs can be difficult to detect
and non-specific. The algorithm, initially developed in
the first WHO Young Infants Study in the 1990s, found
14 clinical signs and symptoms that predicted isolation
of bacteria in blood or cerebrospinal fluid, or culture
positive severe bacterial disease [11]. These signs and
symptoms were simplified in the second WHO Young
Infants Clinical Signs Study (YICSS) published in 2008
[10]. The YICSS evaluated clinical signs in neonates presenting to primary health care facilities, as detected by
primary care health workers, in 6 countries (Bangladesh,
Bolivia, Ghana, India, Pakistan, and South Africa). Presence of any one of seven clinical signs and symptoms
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predicted severe illness (based on an expert pediatrician’s
assessment) and was associated with a sensitivity and
specificity of 85 and 75 % respectively in 0–6 day old neonates and 74 and 79 % respectively in infants aged 7–
59 days [10]. Since the YICSS signs and symptoms were
not evaluated against blood or cerebrospinal fluid culture results, the diagnosis likely includes respiratory distress associated with preterm birth, birth asphyxia, and
viral respiratory infections, but based on available data,
neonates with these signs and symptoms should be
treated for pSBI.
The Eunice Kennedy Shriver National Institute of
Child Health and Human Development (NICHD) Global
Network (GN) for Women and Children’s Health
Research supports a population based Maternal and
Newborn Health (MNH) Registry of pregnant women
and their babies living in rural communities in six low
and lower middle income countries. The Registry has focused on documentation of pregnancy histories, details
of labor and delivery, accurate and timely measurement
of birth weight and early and late neonatal morbidity
and mortality through day 42 of life, including signs and
symptoms similar to those used in the YICSS, and cause
of death [12]. We used data from live born neonates collected by the MNH Registry between 2010 and 2013 to
estimate the incidence of pSBI using the clinical signs
and symptoms from YICSS, the case fatality rate, and
trends in pSBI incidence and mortality over time.

Methods
Ethics statement

The appropriate Institutional Review Boards and Ethics
Research Committees of all participating institutions and
the Ministries of Health of the respective countries
reviewed and approved participation in the MNH Registry. Prior to initiation of the Registry, approval was also
sought from the participating communities through
sensitization meetings. Study participants were enrolled
in the Registry after they provided written informed consent. No monetary reimbursements were provided to
either individual participants or to communities. A Data
Monitoring Committee, appointed by the NICHD, oversaw and reviewed the Registry at annual meetings. The
MNH Registry study was registered at ClinicalTrials.gov
(NCT01073475).
Study design, setting and participants

The MNH Registry is an ongoing prospective multicenter cohort study of pregnant women and their babies
who were residents or resided for at least 4 weeks in
rural communities (clusters) in Argentina, Guatemala, 2
states in India, Kenya, Pakistan and Zambia [12]. Details
of the study sites are provided in Table 1 [13]. Pregnant
women are recruited as early as possible during
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Table 1 Details of the study sites in the MNH registry
Location

Type

Community Setting

Human Development
Index a

India (Belgaum) – South West Karnataka

Semi-urban

The study area includes 24 primary health centers
(clusters). Each is managed by a physician medical
officer who works with nursing staff and auxiliary
nurse midwives in associated sub-centers, the most
peripheral outpost of the health care services. There
are 3 tertiary care hospitals and eight secondary care
hospitals serving the region as referral hospitals staffed
by obstetricians, pediatricians and nurses. In addition
to these public sector health facilities, there are several
private sector maternity facilities within the site
catchment area.

0.508

India (Nagpur) – Eastern Maharashtra

Semi-urban and rural The study area includes 20 primary health centers, each
served by physician medical officers and nurses. These
areas include 119 sub-centers where basic maternal
and child care are provided. Referral care is provided in
ten tertiary hospitals (2 public sector and 8 private sector),
and 129 secondary hospitals (27 public sector hospitals
and 102 private nursing homes).

0.549

Pakistan – two of five sub districts in
Thatta, Sindh province

Semi-urban and rural The study area includes over 75 health facilities, both
public sector and private fee-for-service, providing maternal
and child health services. This includes 47 primary health
clinics in 24 clusters, 25 secondary care facilities and 3
referral hospitals. Care in health clinics is typically provided
by either paramedical staff, including nurses and lady
health visitors, or non-specialist physicians. Obstetricians
provide care in referral hospitals.

0.595

South Asia

Sub-Saharan Africa
Kenya – western Kenya in Busia,
Bungoma and Kakamega counties

Rural

The study area is served by 23 health facilities in 16 clusters, 0.570
most operated by the government and staffed by
nurse-midwives and clinical officers and a single medical
officer. Three hospitals function as referral hospitals. Most
physicians are generalists, with a small number of trained
obstetricians and pediatricians.

Zambia – Kafue and Chongwe districts,
East Zambia

Rural

There are ten clusters, eight of which have health posts.
Care is provided primarily by nurse midwives in the health
posts and by traditional birth attendants for home births.
There are 3 district hospitals and a referral hospital in
Lusaka. Specialty physicians are available in the referral
hospital only.

0.465

Latin American Sites
Argentina – Corrientes and Santiago del Semi-urban and rural There are six clusters, three in each province. Each cluster
Estero Provinces, North Argentina
corresponds to a department (municipality) in which the
vast majority of the births occur at a publicly-funded
secondary level hospital. Care is provided primarily by
physicians and midwives. There are 2 Provincial referral
hospitals located in provincial capital cities.

0.828

Guatemala – Chimaltenago region,
Western Highlands

0.679

Rural

There are 18 clusters served by one referral hospital, 30
health centers, and 42 health posts. Maternal and infant
care in the hospital is provided mainly by obstetricians
and general physicians, in health centers by physicians
and nurses, and in health posts by auxiliary nurses

a

The human development index is a composite statistic of life expectancy, education, and income per capita indicators that are used to rank countries into four
tiers of human development

pregnancy and followed through day 42 postpartum to
obtain details about the pregnancy, labor and delivery
and the health of the mother and infant. Data are collected by trained staff at enrolment and again at within
7 days of delivery and at 42 days after delivery and

reviewed by medical officers. On enrolment, date of last
menstrual period, estimated delivery date, age, education, parity, and status of last child are collected. Information collected within 7 days of delivery includes
prenatal care, complications occurring during pregnancy,
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mode and location of delivery, status of the mother and
newborn following delivery, sex and birth weight of the
newborn, and neonatal conditions. Maternal and newborn status and neonatal adverse conditions between delivery and 42 days after birth are collected at the second
postpartum visit. Additional study details have been described previously [12].
For this secondary data analysis, we included infants born alive between January 1, 2010 and
December 31, 2013 to the pregnant women enrolled
in the seven sites participating in the MNH Registry.
We excluded infants with missing birth weights, as
well as those with birth weight measured more than
7 days after delivery or with unknown timing of
measurement. We excluded babies with missing birth
weights as these were rare in the MNH registry
(<1 %) due to a focus on collection of birth weight
data. The data collection forms changed at the end
of 2013 with symptoms used to define pSBI no longer collected. Infants for whom the 42 day assessment was conducted using the revised forms were
excluded from analysis. During the study period,
women were enrolled in a total of 118 communities
(clusters) in the seven sites: Argentina, 6 clusters;
Guatemala, 18; Kenya, 16; Zambia, 10; Belgaum,
India, 24; Nagpur, India, 20; Pakistan, 24. In
Argentina, Kenya, Zambia, and Nagpur all clusters
participated throughout the 4 year study period.
However, in Guatemala, Belgaum, India and Pakistan,
only 9 of 18 clusters, 16 of 24 and 20 of 24 clusters
respectively participated throughout the 4 year study
period.
Study outcomes
Possible severe bacterial infection (pSBI)

Estimates of pSBI during the first 6 weeks of life were
derived retrospectively for all live born infants using
symptoms reported on the data collection forms based
on the WHO YICSS criteria [10] to the extent possible
given the information recorded in the registry. The presence or absence of each of the following symptoms after
delivery was recorded in the registry, with a “yes” response considered consistent with pSBI: breathing problems/difficulty breathing, feeding problems/stopped
suckling/feeding, high fever (>38 ° C or estimated by
touch), hypothermia (<35 ° C or estimated by touch),
convulsions, and bleeding/pus-like discharge from umbilicus (Table 2). The MNH Registry variables were not
designed for the diagnosis of pSBI specifically, but to
standardize the data collection on key outcome variables
in pregnant women, mothers and neonates across the
Global Network sites. There was an initial standardized
training conducted with the Site Principal Investigators
(PIs) in the US and then site specific trainings and re-
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Table 2 Signs and symptoms of possible severe bacterial
infection in the MNH registry
WHO YICSS Signs and
Symptoms

GN MNH Registry Signs and Symptoms

History of difficulty
feeding

Feeding problems; Stopped suckling/feeding

History of convulsions

Convulsions

Movement only when
stimulated

Not collected

Respiratory rate of 60
breaths per minute or
more

Breathing problems; Difficulty breathing

Severe chest indrawing

Breathing problems; Difficulty breathing

Temperature ≥ 37.5 ° C

High fever (>38 ° C)

Temperature < 35.5 ° C

Hypothermia (< 35 ° C)
Other
• Bleeding/pus-like discharge from umbilicus
• Infection recorded as cause of death
• Text indicating infection, sepsis, possible
sepsis, septic conditions, meningitis,
pneumonia

trainings conducted by the Site PIs to ensure consistency
of the information collected across sites and over time.
In addition, RTI (Data Coordinating Center) monitored
MNH variables over time for deviations and unusual
patterns and when these occurred, they were brought to
the attention of the site PI. In each location the site PI
was assisted by a medically trained registry administrator
who worked with the local data collectors (mostly medical officers) to ensure that data were collected consistently within sites and over time. The registry
administrator and site PI conducted re-trainings at least
once a year and more frequently if deviations or unusual
patterns in data collection were observed.
The specific signs and symptoms of pSBI are challenging, even in resource intense studies [3,4,10] because
they are based in part on parent report (e.g., history of
difficulty breathing and convulsions). The MNH registry
did not collect data on movement when stimulated. The
YICSS measured respiratory rates and trained study staff
on detection of severe chest indrawing, while the MNH
registry reported that any type of breathing problem was
either present or absent. Temperature was measured in
the YICSS but in some Global Network sites was not actually measured and was only estimated by either the
mother or medical officer. To improve the accuracy of
the diagnosis of pSBI in the MNH registry, infants who
died with cause of death coded “infection” were also
counted as having pSBI. Additionally, text fields used to
record information about symptoms and diagnoses as
well as cause of death were reviewed. Infants with any of
the symptoms listed above, or the words “infection”,
“sepsis”, “possible sepsis”, “septic” (e.g., a septic condition such as septic rash, septic umbilicus), “meningitis”,
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and/or “pneumonia” in any of the text fields were
counted as having pSBI. All information in the MNH
registry was collected by the medical officers who may
or may not have seen the child when they had the specific symptom consistent with pSBI, but the medical officer was responsible for determining whether the MNH
definition of the sign or symptom was met based on
questioning of the mother or data collector, as required
by the MNH training. At most study locations there
were no charts that could be reviewed for additional information. The number of pSBI episodes and the exact
timing of infection could not be determined, as dates of
diagnosis were not recorded. Microbiologic confirmation
of pSBI was not possible in these rural communities and
facilities.
Case fatality

Neonatal/early infant case fatality after diagnosis of pSBI
was defined as the number of deaths due to any reported
cause among infants with pSBI occurring up to 6 weeks
after birth divided by the number of infants with pSBI.
The cause of death was determined by the registry administrator who conducted a basic death audit, per the
MNH manual of operations, by interviewing the birth
attendant, and/or family members and the mother,
whenever possible.
Covariates

Covariates examined included maternal age, maternal
education, location of delivery, mode of delivery, infant
birth weight, infant sex, and early initiation of breast
feeding within an hour of delivery. A hospital was defined as a residential establishment equipped with inpatient facilities for 24-h medical and nursing care and
staffed with at least one physician providing essential obstetrical/neonatal care (for example, the ability to provide a caesarean section). A clinic/health center was
defined as a facility that provided (ambulatory) medical
services to a specific group in a population and that did
not have caesarean section capability. Births that occurred at home, whether at the mother’s home, a birth
attendant’s home, or a relative’s home, were grouped together for analysis. Other delivery locations were infrequent. Birth weight was recorded using locally available
scales, calibrated per local facility protocols.
Statistical analysis

Maternal, delivery, and neonatal characteristics were
compared descriptively across the study sites and over
the years studied at each site. The cumulative incidence
of pSBI in the first 6 weeks of life was defined as the
proportion of infants who developed pSBI during the
42 day follow-up period divided by the number of infants studied, with 95 % confidence intervals estimated
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using the normal approximation to the binomial distribution. Crude estimates of pSBI incidence and case fatality rates are reported in text and figures. Percentages of
infants with each symptom of pSBI were also compared
descriptively between the sites.
Statistical testing was conducted using logistic regression models to compare incidence of pSBI across study
sites, and to examine trends in the proportion with pSBI
by birth year and trends in the proportion with pSBI
who died at each study site, while adjusting for covariates. Adjusted analyses were utilized to compare incidence and assess trends after accounting for differences
across site and over time in the distribution of maternal,
delivery, and neonatal characteristics potentially impacting risk of pSBI. All models included effects for study
site, maternal age (<20, ≥ 20), maternal education (no
formal, primary, secondary/university), cesarean section
delivery (yes, no), facility birth (hospital/clinic/health
center, home/other), infant sex (male, female), infant
birth weight (<2500, ≥2500 g), and initiation of breastfeeding within 1 h of delivery (yes, no). A test of the null
hypothesis that the incidence of pSBI was the same at all
sites against the alternative that the incidence of pSBI
differed across the sites was conducted using a main effects model with statistical significance determined by
the Score chi-square test for study site. Site-specific tests
of the null hypothesis that pSBI incidence remained
stable during the study period against the alternative
that incidence changed, and similar tests of trend in case
fatality rates, were conducted using data from all sites in
models that included the main effects above plus birth
year and all 2 way interactions between study site and
each covariate. Birth year was treated as a continuous
variable in order to assess linear trend. Contrasts involving the site by birth year interaction were used to assess
whether or not changes over time were significant at
each site with statistical significance determined by Wald
chi-square tests. Analyses examining trends in pSBI incidence by birth year and trends in the case fatality rate
were repeated excluding clusters in Guatemala, Belgaum,
and Pakistan that did not participate all four years. In a
secondary analysis, interactions between site, birth year
and facility birth were added to the primary pSBI trends
model in order to test whether trends were the same or
differed by location of delivery at each site. Generalized
estimating equations were used in all models to produce
robust standard errors that accounted for clustering of
women and infants in geographic areas (“clusters”) at
each study site with an independent working correlation
structure specified. Just under 2 % of the data were excluded from models due to missing values of covariates.
Variables were assumed to be missing at random. Analyses were implemented using SAS version 9.3 (SAS Institute, Inc., Cary NC).
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Results
Study population

The GN MNH Registry included 266,340 live births between 2010 and 2013. After exclusions, a total of
248,539 live born infants with birth weight measured
within 7 days after delivery were included in the analysis
(Fig. 1). By 6 weeks after delivery, 241,623 infants were
still alive (97.2 %), 5679 (2.3 %) had died, and 6 week
status was unavailable for 1,237 (0.5 %). The percent of
infants who died ranged from 1.2 % in Argentina to
3.0 % in Pakistan (Table 3). Median age at death for
those who died was 2 to 5 days old depending on study
site.
Maternal, delivery and neonatal characteristics at each
study site

The average age of mothers enrolled ranged from
22 years in Belgaum to 27 years in Pakistan (Table 4). In
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Argentina, Kenya, and Nagpur only 3 % of mothers had
no formal schooling. Ten percent of mothers in Zambia
had no formal schooling, 19 % in Guatemala, and 21 %
in Belgaum, while in Pakistan 83 % of mothers had no
formal schooling (Table 4). A secondary or university
level education was achieved by 79 % in Nagpur, 46 % in
Belgaum, 35 % in Zambia, 34 % in Argentina, 26 % in
Kenya, 19 % in Guatemala, and only 9 % in Pakistan.
The majority of mothers had at least one antenatal care
visit with the lowest percent in Pakistan (85 %) and
nearly 100 % in Zambia, Belgaum, and Nagpur.
Caesarean section delivery was infrequent at the African sites (1–2 %) and most frequent in Argentina (36 %).
Nearly all women in the Argentina site (99 %) delivered
in hospital. Over 90 % of births in the Indian sites occurred in a facility, compared to 63 % in Zambia, 53 %
in Pakistan and less than half of the births in Guatemala
and Kenya. A clean razor was used to cut the baby’s cord

Fig. 1 Study flow chart: neonates and young infants included in the maternal and newborn health registry and assessed for possible severe
bacterial infection
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Table 3 Six-week vital status for live born infants 2010–2013 by site
Argentina

Guatemala

Kenya

Zambia

Belgaum, India

Nagpur, India

Pakistan

7,888

26,022

33,724

26,272

77,440

38,303

38,890

Survived

7,744 (98.2)

25,184 (96.8)

33,239 (98.6)

25,571 (97.3)

75,515 (97.5)

37,218 (97.2)

37,152 (95.5)

Died

96 (1.2)

662 (2.5)

427 (1.3)

463 (1.8)

1,922 (2.5)

935 (2.4)

1,174 (3.0)

Missing

48 (0.6)

176 (0.7)

58 (0.2)

238 (0.9)

3 (0.0)

150 (0.4)

564 (1.5)

3 (1, 8)

5 (2, 16)

3 (1, 12)

2 (1, 7)

3 (1, 7)

3 (1, 8)

5 (2, 15)

Number of live births
Six-week vital status, n (%)

Age at death for infants who died
Median day (p25, p75)

and new gloves were used by the birth attendant in almost all deliveries, except in Guatemala, where use of a
clean razor was reported for 68 % of deliveries (99 % by
2013) and in Pakistan where use of new gloves was reported for 78 % of births.
Only 1–2 % of infants at each site were from a multiple birth, and slightly over half were male. Mean birth
weight ranged from 2,677 g in Nagpur to 3,303 g in
Argentina. In Guatemala 75 % of infants were breastfed
within 1 h of delivery, 83 % in Kenya, 85–86 % in the Indian sites, and 90 % or more in Argentina and Zambia,
while in Pakistan only 24 % were breastfed within an
hour of birth.
Changes in maternal, delivery and neonatal
characteristics by birth year at each site

In general, maternal educational level increased during
the period 2010–2013 at all sites. The proportion of facility births remained at 99 % in Argentina throughout
the period. At the other sites the proportion of facility
births increased: from 39 % in 2010 to 58 % in 2013 in
Guatemala, 38 to 52 % in Kenya, 55 to 71 % in Zambia,
92 to 96 % in Belgaum, 90 to 99 % in Nagpur, and 49 to
62 % in Pakistan. The percent of cesarean section deliveries increased at all sites except Zambia where only 1 %
of infants were delivered by cesarean section, from 27 to
40 % of infants in Argentina, 16 to 26 % in Guatemala, 1
to 2 % in Kenya, 10 to 19 % in Belgaum, 18 to 23 % in
Nagpur, and 7 to 12 % in Pakistan. The percent of infants who were breastfed within 1 h of delivery remained
about 90 % in Argentina and 83 % in Kenya throughout
the 4 year period, increased from 85 % in 2010 to 93 %
in 2013 in Zambia, and decreased from 80 to 67 % in
Guatemala, from 90 to 77 % in Belgaum, 92 to 84 % in
Nagpur, and from 31 to 15 % in Pakistan.
pSBI incidence by site

During the study period, 32,088 of the 248,539 live
born neonates met our criteria for pSBI during the
first 6 weeks of life (12.9 %, 95 % CI 12.8–13.0 %). The
percent of infants with pSBI varied widely by study
site, p < 0.001, from a low of 3.2 % (95 % CI 3.0–3.4 %)

in Zambia to 6.4 % (95 % CI 6.2–6.5 %) in Belgaum,
6.4 % (95 % CI 6.1–6.6 %) in Nagpur, 10.6 % (95 % CI
9.9–11.3 %) in Argentina, 13.8 % (95 % CI 13.4–
14.2 %) in Guatemala, 16.5 % (95 % CI 16.1–16.9 %) in
Kenya, and a high of 35.7 % (95 % CI 35.2–36.2 %) in
Pakistan (Fig. 2).
Incidence of pSBI in the first 6 weeks changed significantly over time at some sites (Fig. 3). The proportion of
infants with pSBI decreased in Argentina, where nearly
all births occurred in hospital, from 19.0 % (95 % CI
16.4–21.6 %) in 2010 to 7.9 % (95 % CI 6.2–9.7 %) in
2013 (adjusted p = 0.03 accounting for clustering and
maternal and neonatal covariates). In Kenya incidence of
pSBI decreased from 19.1 % (95 % CI 18.2–19.9 %) in
2010 to 10.7 % (95 % CI 10.1–11.4 %) in 2013 (adjusted
p < 0.001), with decreases occurring among infants born
at home as well as in a facility [facility births: 21.4 % (20.0–
22.9 %) to 11.9 % (10.9–12.9 %); home births: 17.6 % (16.5–
18.6 %) to 9.5 % (8.5–10.4 %); adjusted p = 0.91 for a difference in trend]. In Nagpur, India, the proportion with pSBI
decreased for infants born in a facility [7.8 % (95 % CI 7.2–
8.4 %) in 2010 to 5.3 % (95 % CI 4.9–5.8 %) in 2013, adjusted p = 0.01] but not for those born at home [6.6 % (5.2–
8.5 %) to 17.4 % (10.4–27.5 %); adjusted p = 0.35]. In
Guatemala there was a small non-significant decrease in
the proportion of infants with pSBI [14.9 % (13.7–16.0 %)
in 2010 to 13.5 % (12.8–14.1 %) in 2013, adjusted p = 0.11].
However, after exclusion of clusters not participating all
4 years the change in Guatemala became statistically significant [14.1 % (12.9–15.4 %) in 2010 to 12.0 % (11.2–12.8 %)
in 2013, adjusted p = 0.03] and these changes did not differ
significantly for home or facility births [facility births:
16.6 % (14.4–18.7 %) to 15.0 % (13.8–16.3 %); home
births: 12.7 % (11.3–14.2 %) to 9.1 % (8.1–10.1 %); adjusted p = 0.27 for a difference in trend). There was no
significant change in the overall incidence of pSBI in
the first 6 weeks of life during the study period in
Zambia [3.8 % (3.3–4.2 %) in 2010 to 2.8 % (2.3–3.2 %)
in 2013, adjusted p = 0.19) or in Belgaum [6.2 % (5.9–6.5 %)
in 2010 to 7.7 % (7.3–8.1 %) in 2013, adjusted p = 0.34; with
exclusion of clusters not participating all 4 years, adjusted
p = 0.35]. In contrast, in Pakistan the proportion of
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Table 4 Maternal, delivery and neonatal characteristics of live born infants 2010–2013 by site
Characteristic, n (%)

Argentina

Guatemala

Kenya

Zambia

Belgaum, India

Nagpur, India

Pakistan

Number of live births

7,888

26,022

33,724

26,272

77,440

38,303

38,890

Mean (SD)

24.5 (6.6)

26.1 (6.6)

24.2 (5.6)

24.7 (6.6)

22.7 (3.0)

23.5 (2.9)

27.6 (4.8)

MATERNAL
Maternal age, y

< 20

2,156 (27)

4,299 (17)

7,308 (22)

6,633 (25)

7,377 (10)

750 (2)

1,446 (4)

20–35

5,114 (65)

19,034 (73)

24,970 (74)

17,528 (67)

69,860 (90)

37,419 (98)

35,150 (91)

> 35

587 (7)

2,675 (10)

1,391 (4)

2,060 (8)

129 (< 1)

106 (< 1)

2,149 (6)

Maternal education - highest level
No formal schooling

201 (3)

4,828 (19)

1,013 (3)

2,691 (10)

15,758 (21)

1,169 (3)

32,284 (83)

Primary

4,893 (63)

16,343 (63)

23,937 (71)

14,328 (55)

25,497 (33)

6,604 (17)

2,917 (8)

Secondary

2,617 (33)

4,563 (18)

7,479 (22)

8,608 (33)

28,432 (37)

22,752 (59)

2,234 (6)

University

117 (1)

277 (1)

1,248 (4)

468 (2)

7,154 (9)

7,731 (20)

1,287 (3)

Yes

7,445 (95)

25,582 (98)

32,838 (97)

26,139 (100)

77,186 (100)

38,259 (100)

32,842 (85)

No

357 (5)

411 (2)

867 (3)

111 (< 1)

56 (< 1)

16 (< 1)

5,908 (15)

Vaginal

5,072 (64)

20,596 (79)

33,195 (98)

25,976 (99)

66,242 (86)

30,625 (80)

35,584 (92)

Cesarean section

2,813 (36)

5,425 (21)

529 (2)

296 (1)

11,198 (14)

7,678 (20)

3,304 (8)

One or more antenatal visit

DELIVERY
Mode of delivery

Location of delivery
Hospital

7,805 (99)

11,534 (44)

4,524 (13)

3,368 (13)

52,519 (68)

26,131 (68)

10,679 (27)

Clinic/health center

18 (< 1)

1,307 (5)

10,054 (30)

13,131 (50)

20,352 (26)

10,699 (28)

9,932 (26)

Home

36 (< 1)

13,131 (50)

18,885 (56)

9,501 (36)

4,234 (5)

1,454 (4)

18,075 (46)

Other

24 (< 1)

50 (< 1)

260 (1)

272 (1)

297 (< 1)

17 (< 1)

187 (< 1)

Yes

7,845 (100)

16,171 (68)

33,587 (100)

25,791 (99)

75,907 (100)

38,047 (100)

38,451 (99)

No

24 (< 1)

7,522 (32)

130 (< 1)

281 (1)

274 (< 1)

108 (< 1)

393 (1)

Clean razor used to cut cord

Birth attendant used new gloves
Yes

7,840 (100)

25,457 (99)

33,189 (98)

25,814 (99)

75,140 (97)

37,383 (99)

30,312 (78)

No

33 (< 1)

303 (1)

528 (2)

246 (1)

1,955 (3)

472 (1)

8,530 (22)

NEONATAL
Multiple birth
Yes

104 (1)

347 (1)

769 (2)

430 (2)

1,067 (1)

565 (1)

796 (2)

No

7,767 (99)

25,675 (99)

32,953 (98)

25,842 (98)

76,367 (99)

37,728 (99)

38,065 (98)

Male

4,071 (52)

13,254 (51)

17,092 (51)

13,830 (53)

40,211 (52)

19,966 (52)

20,369 (52)

Female

3,810 (48)

12,764 (49)

16,632 (49)

12,431 (47)

37,227 (48)

18,333 (48)

18,509 (48)

Infant sex

Birth weight, g
< 1500

64 (1)

155 (1)

61 (< 1)

96 (< 1)

612 (1)

355 (1)

257 (1)

1500–2499

399 (5)

3,228 (12)

892 (3)

1,212 (5)

9,806 (13)

5,439 (14)

5,579 (14)

2500–2999

1,384 (18)

10,151 (39)

6,607 (20)

6,854 (26)

38,785 (50)

22,551 (59)

15,019 (39)

3000–3499

3,121 (40)

9,375 (36)

15,605 (46)

12,104 (46)

23,434 (30)

8,525 (22)

13,649 (35)

3500+

2,920 (37)

3,113 (12)

10,559 (31)

6,006 (23)

4,803 (6)

1,433 (4)

4,386 (11)
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Table 4 Maternal, delivery and neonatal characteristics of live born infants 2010–2013 by site (Continued)
Infant breastfed within 1 h of delivery
Yes

7,054 (90)

19,319 (75)

27,867 (83)

24,037 (92)

63,425 (85)

32,786 (86)

9,492 (24)

No

770 (10)

6,608 (25)

5,818 (17)

2,108 (8)

10,987 (15)

5,344 (14)

29,357 (76)

neonates/young infants with pSBI increased from 26.7 %
(95 % CI 25.9–27.5 %) in 2010 to 55.0 % (95 % CI 53.9–
56.1 %) in 2013, adjusted p < 0.001 (using data from all
clusters or only clusters participating all 4 years).

Hypothermia, convulsions, and bleeding/discharge
from the umbilicus were each reported for 2 % or less
of infants at all sites. An indication of infection, sepsis,
meningitis, or pneumonia was reported for <1–2 % of
infants depending on study site.

Signs and symptoms used to determine whether the
infant had pSBI

Across the sites, 60–72 % of neonates/young infants
with pSBI met criteria for pSBI based on a single sign
or symptom, while the remaining babies met criteria
based on multiple symptoms (20–31 % of infants with
pSBI had 2 signs; 10 % or less had 3 or more signs, depending on study site). Breathing problems and/or high
fever were the most frequently reported symptoms at
each study site, followed by feeding problems (Fig. 4).
In Pakistan, the percent of all infants reported with
breathing problems was more than double that reported in the other sites (20 % versus 2–8 % of all infants; 11 % with breathing problems as the only sign
versus 1–4 % at the other sites) and the percent with
high fever was higher (20 % versus 1–11 %; 13 % with
fever as the only sign versus 1–6 % at the other sites).
Combinations involving breathing problems, feeding
problems, and/or high fever were most frequent when
pSBI was determined based on multiple symptoms.

Case fatality and trends in case fatality rates

Of the 32,088 neonates with pSBI during the first
6 weeks, 27,410 (85 %) survived to 6 weeks of age,
4,564 (14 %) died, and 6–week status was missing for
114 (<1 %). In contrast, only 0.5 % of infants without
pSBI died by 6 weeks. Case fatality rates in neonates
with pSBI varied across sites (Fig. 5). The rate was lowest in Kenya where 5.2 % (95 % CI 4.6–5.8 %) of infants
with pSBI had died by 6 weeks of age and highest in
Zambia where 41.6 % (95 % CI 38.2–45.0 %) had died.
There were no statistically significant changes in the
case fatality rates in infants with pSBI in the first
6 weeks of life during the 4 year study period at any
site. Case fatality rates associated with signs and symptoms varied by site but generally showed that neither
hyperthermia nor umbilical discharge as a single sign is
a risk factor for mortality while multiple signs of pSBI
is (Table 5).

1

The number of infants with pSBI at each site was as follows: Argentina (835/7888); Guatemala

(3592/26022); Kenya (5563/33724); Zambia (845/26272); Belgaum (4921/77440); Nagpur (2445/38303);
Pakistan, (13887/38890).

Fig. 2 Cumulative incidence of possible severe bacterial infection (pSBI) through 6 weeks of life in live born infants by study site
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1

Plots are based on crude estimates. P values for tests of whether incidence changed are model-based after
accounting for clustering and covariates as described in Methods.

Fig. 3 Trends in cumulative incidence of possible severe bacterial infection through 6 weeks of life by study site, 2010–2013

Discussion
In a cohort of 248,539 infants born alive between 2010
and 2013 at 7 population based Global Network sites in
Latin America, Africa, and Asia 32,088 (13 %) neonates
met symptomatic criteria for pSBI. The incidence of
pSBI in the first 6 weeks of life, trends in incidence, and
in case fatality rates in the first 6 weeks for infants with
pSBI varied widely across sites with a 10–fold variation
in incidence of pSBI from 3 % (Zambia) to 36 %
(Pakistan) and an 8 fold variation in case fatality from
5 % (Kenya) to 42 % (Zambia). Our incidence estimates
are in range or somewhat higher than the upper range
recently estimated by Seale et al. [7] in a systematic review and meta-analysis of global incidence of pSBI in
2012 (7.6 %, 95 % confidence interval 6.1–9.2 %), except
for our two extreme sites, Zambia (lower rates) and
Pakistan (higher rates). Unlike Seale et al., we included
all live born infants not just those with birth weight ≥
1,500 g, which may have comparatively inflated our rates
because low birth weight babies may be premature and

may be more likely to have breathing problems that are
not caused by pSBI. Our incidence estimates are likely
higher than Seale’s in some cases because we were unable to match the most common sign of pSBI per YICSS,
respiratory rate of 60 breaths per minute, and had to use
a less specific data point of breathing problems and difficulty breathing. It is likely that these respiratory variables increased the proportion of our pSBI cases that
had respiratory distress due to preterm birth or birth asphyxia, both of which are difficult to distinguish from
possible severe bacterial infection, particularly in the first
few days of life. Our case fatality rates are within the
range estimated by Seale et al. (9.8, 95 % confidence
interval 7.4–12.2 %) for Argentina and Pakistan, lower
for Kenya and higher for Guatemala, Zambia, and the
two Indian sites. Although a common protocol was used
for prospective data collection, we note that Zambia had
the lowest incidence of pSBI but the highest case fatality
rate, suggesting that signs and symptoms may have been
underreported in this site. In contrast, Pakistan had the
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Categories are not mutually exclusive. “Other” includes bleeding/discharge from the umbilicus, infection recorded as cause of death, and any
indication of infection, sepsis, meningitis, or pneumonia recorded in text.

Fig. 4 Signs and symptoms of possible severe bacterial infection reported in all live born infants by study site

highest incidence of pSBI and one of the lower case fatality rates, suggesting there may have been overreporting of respiratory symptoms or that these symptoms were due to the higher rates of preterm birth and
birth asphyxia reported in Pakistan [14]. Overall, our estimates, on average, align with Seale et al. [7], which
lends support to the credibility of these findings particularly as these data from the studies contributing to
Seale’s paper and the MNH registry (as described in the
methods above) were obtained in very different ways.

However, the wide variations in pSBI incidence and case
fatality rates, even in our prospective registry with
trained data collectors, indicate continued need for objective criteria to make a diagnosis of pSBI.
Between 2010 and 2013 there were significant increases in facility deliveries and survival of neonates
born preterm in our study sites as well as in the countries our sites represent. Against this background, we
found decreases in the incidence of pSBI in the first
6 weeks of life during the period in Argentina, Kenya,

1

The number of infants with pSBI who died by 6 weeks at each site was: Argentina, 88/830 (6 week
status missing for 5); Guatemala, 557/3580 (status missing for 12); Kenya, 287/5561 (status missing for
2); Zambia, 350/842 (status missing for 3); Belgaum, 1547/4921; Nagpur, 691/2439 (status missing for
6); Pakistan, 1044/13801 (status missing for 86).

Fig. 5 Case fatality rates in neonates with possible severe bacterial infection (pSBI) during the first 6 weeks of life by study site
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Table 5 Case fatality rates in infants with pSBI in the first 6 weeks of life by pSBI criteria
Variable

Argentina

Number of infants with pSBI and 830
non-missing status

Guatemala

Kenya

Zambia

Belgaum, India

Nagpur,
India

Pakistan

3,580

5,561

842

4,921

2,439

13,801

Single sign/symptom, n/N (%) died
Breathing problem/difficulty
breathing

26/316 (8.2)

61/561 (10.9)

63/917 (6.9)

59/190 (31.1)

577/2,153 (26.8) 156/584 (26.7) 250/4,395 (5.7)

Feeding problem/stopped
suckling/feeding

2/55 (3.6)

31/162 (19.1)

16/139 (11.5)

40/87 (46.0)

102/346 (29.5)

67/319 (21.0)

31/203 (15.3)

High fever

1/88 (1.1)

18/1,431 (1.3)

5/1,814 (0.3)

21/156 (13.5)

7/707 (1.0)

8/592 (1.4)

40/4,852 (0.8)

Hypothermia

0/6 (0.0)

11/85 (12.9)

4/88 (4.5)

4/11 (36.4)

34/124 (27.4)

7/32 (21.9)

26/141 (18.4)

Convulsions

0/3 (0.0)

1/8 (12.5)

2/34 (5.9)

1/10 (10.0)

27/60 (45.0)

7/14 (50.0)

16/89 (18.0)

Bleeding/pus-like discharge
from umbilicus

0/42 (0.0)

0/135 (0.0)

1/297 (0.3)

1/39 (2.6)

2/46 (4.3)

0/36 (0.0)

0/252 (0.0)

Infection diagnosis or cause
of death

1/14 (7.1)

26/152 (17.1)

13/68 (19.1)

24/25 (96.0)

72/80 (90.0)

23/27 (85.2)

7/9 (77.8)

>1 sign/symptom, n/N (%) died

58/306 (19.0) 409/1,046 (39.1) 183/2,204 (8.3) 200/324 (61.7) 726/1,405 (51.7) 423/835 (50.7) 674/3,860 (17.5)

and Nagpur, India after accounting for clustering and
maternal and neonatal factors. Argentina was the one
site where nearly all infants were born in hospital
throughout the study period, and the decrease in Kenya
occurred among infants born at home as well as in a facility suggesting that changes at these sites cannot be attributed simply to facility birth. In contrast, in Nagpur,
India, the decrease in pSBI rate occurred among facility
births alone with no significant change in pSBI incidence
among infants born at home. While facility births increased from 49 to 62 % of all births in Pakistan, pSBI
incidence increased during the period for infants born in
a facility as well as for those born at home, after accounting for birth weight and other factors. Reporting or
diagnostic changes may have contributed to the increase
in Pakistan.
Our prospective study has several important strengths.
First, we attempted to define pSBI based on the presence
of any one of seven signs found to be predictive of severe illness in young infants [10]. However, we were limited in our ability to match all of these signs, mainly
respiratory rate of 60 breaths or more per minute, severe
chest indrawing, and movement when stimulated because they were not included in the MNH Registry. We
recognize the overlap that breathing problems and difficulty breathing have with problems of prematurity, birth
asphyxia, and non-bacterial illnesses. However, the proportions of infants with specific signs and symptoms are
highly consistent with the ranges published in recent
clinical trials that assessed community based treatment
of neonatal sepsis [3,4]. There was extensive training on
identification of signs and symptoms of pSBI in these trials, but there was still wide variation in the proportion
of infants with signs such as chest indrawing across the

study sites. Our data are also limited by lack of microbiologic confirmation in the rural communities and facilities. Further, we did not have the precise details of
timing of the symptoms in the first 42 days of life, so it
is possible that our incidence estimates are higher than
in other studies reporting pSBI between day 0–27 of life
and lower than in studies reporting pSBI in young infants between day 0–59 of life. We also do not have information on precise treatment practices by site for
access to health care facilities, care seeking, antibiotic
access across and over time and how these variables may
have impacted case fatality rates. Finally, the MNH
registry does not currently collect reliable information
on referral practices because the ability to refer infants
depends on the availability of referral facilities. Similarly,
location of death is not captured currently and would be
difficult to interpret because of variable access to referral
facilities across the Global Network sites. We recognize
that many of our limitations could have resulted in misclassification of pSBI that could have varied by site and
over time, but to move forward, improved diagnostics
for pSBI are urgently needed. Despite these limitations,
the incidence of pSBI at each site is likely indicative of a
significant portion of the neonatal illness burden given
that infants identified as having pSBI were at greatly increased risk of death during the first 6 weeks of life
compared to other infants. We believe that our data are
generalizable based on the similarity with the Seale data
and the standardized data collection across the 7 Global
Network sites.
The high burden of pSBI in neonates and young infants, regardless of definitions and changes in location of
birth, is an important reminder that investment in ways
to reduce delays in early recognition /diagnosis and
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treatment of pSBI continues to be needed and is consistent with the research priorities outlined in the Every
Newborn Action Plan [5]. Priorities for the future include ways to improve early detection of pSBI in the
community, risk stratification, early access to referral of
those at the greatest risk of mortality and ways to prevent pSBI particularly in the era of increased delivery of
babies in health care facilities.

Conclusions
In a prospective population based registry with trained
data collectors, there were wide variations in the reported
incidence and case fatality of pSBI in rural communities
and in trends over time. Regardless of these variations, the
burden of pSBI is still high and strategies to implement
timely diagnosis and treatment are still urgently needed to
reduce neonatal mortality.
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Abstract
Background: Antenatal corticosteroids are commonly used to reduce neonatal mortality, but most research to date
has been in high-resource settings and few studies have evaluated its impact on stillbirth. In the Antenatal Corticosteroids
Trial (ACT), a multi-country trial to assess impact of a multi-faceted intervention including antenatal corticosteroids to
reduce neonatal mortality associated with preterm birth, we found an overall increase in 28-day neonatal mortality and
stillbirth associated with the intervention.
Methods: The ACT was a cluster-randomized trial conducted in 102 clusters across 7 research sites in 6 countries (India
[2 sites], Pakistan, Zambia, Kenya, Guatemala and Argentina), comparing an intervention to train birth attendants at all
levels of the health system to identify women at risk of preterm birth, administer corticosteroids and refer women at risk.
Because of inadequate gestational age dating, the <5th percentile birth weight was used as a proxy for preterm birth. A
pre-specified secondary outcome of the trial was stillbirth.
Results: After adjusting for the pre-trial imbalance in stillbirth rates, the ACT intervention was associated with a
non-significant increased risk of stillbirth (aRR 1.08, 95 % CI, 0.99–1.17, p–0.073). Additionally, the stillbirth rate was
higher in the term births (1.20 95 % CI 1.06–1.37, 0.004) and among those with signs of maceration (RR 1.18 (1.04–1.35),
p = 0.013) in the intervention vs. control clusters. Differences in obstetric care favored the control clusters and maternal
infection was likely more common in the intervention clusters.
Conclusions: In this pragmatic trial, limited data were available to identify the causes of the increase in stillbirths in
the intervention clusters. A higher rate of stillbirth in the intervention clusters prior to the trial, differences in obstetric
care and an increase in maternal infection are potential explanations for the observed increase in stillbirths in the
intervention clusters during the trial.
Trial registration: clinicaltrials.gov (NCT01084096)

Background
The Antenatal Corticosteroid Trial (ACT) was a cluster
randomized trial performed in 7 sites in 6 low and middle
income countries (LMIC) [1, 2]. The primary outcomes for
that trial were to determine whether a multicomponent
intervention increased the administration of antenatal
* Correspondence: rlg@columbia.edu
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corticosteroids (ACS) in the women at risk of preterm
birth and then reduced neonatal mortality among that
group. The primary outcome of neonatal mortality outcome was assessed among infants born at less than the
site specific 5th percentile birth weight and was used as
a surrogate measure for preterm birth. The intervention increased ACS use in the treatment clusters (46 % vs.10 % in
<5th percentile births), but being in the intervention clusters
was not associated with an improvement in neonatal mortality in the < 5th percentile infants [1]. An unexpected finding was that neonatal mortality was higher overall in the
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intervention clusters, with the excess mortality occurring in
infants born at ≥25th percentile site-specific birth weight.
A pre-specified secondary outcome was the stillbirth rate,
which was higher in the intervention clusters compared to
the control clusters [2]. In this paper, we explore potential
mechanisms which might have resulted in the higher stillbirth rate in the intervention clusters. Of note, ACT was a
“pragmatic” trial and not designed to evaluate mechanisms
leading to specific pregnancy outcomes, especially those
such as stillbirth that were not a primary endpoint. We also
emphasize that compared to prior trials demonstrating
efficacy of ACS which were all individually randomized and
conducted in in high and some middle income country
hospitals with good obstetric and neonatal care, this cluster
randomized trial enrolled more than 100,000 subjects in
countries where half the women delivered at home or in
low-level community clinics [3, 4].
The hospitals in these areas rarely provided comprehensive obstetric or intensive newborn services and rarely
monitored the fetuses during labor [5]. During the time
that ACT was initiated, ultrasound gestational age dating
was generally unavailable for women in these sites. For that
reason, the target group for the primary neonatal outcome
was not determined by gestational age, but by a birth
weight < 5th percentile for babies born at that site. Because
placental examinations and autopsies were not available,
little data are available to assess the causes of the stillbirths.
Nevertheless, because of the unexpected excess of stillbirths
in the intervention compared to the control clusters during
the ACT trial, we used available data to explore potential
reasons for the higher rate of stillbirths in the intervention
clusters.

Methods
This is a secondary analysis of data collected during the
ACT study focusing on stillbirths. A stillbirth was defined as a baby born at ≥500 g or an estimated 20 weeks
gestational age without a heartbeat, respirations or signs
of movement [6]. ACT was a cluster-randomized trial
undertaken in specified geographic clusters each with
approximately 500 births per year in sites in Argentina,
Guatemala, Kenya, Zambia, Pakistan, and in Belgaum
and Nagpur, India. The study intervention and methods are
described in detail elsewhere [1]. In brief, the study clusters
were defined by each site and then randomized by the data
center, RTI International (RTI). To randomize clusters, RTI
created strata based on the study site and neonatal mortality rates using an ongoing registry; however the stillbirth
rates in the individual clusters were not compared prior to
the trial nor considered in the randomization process.
The ACT outcome data were collected independently
of the intervention team by trained registry administrators (RAs) in a prospective maternal and newborn
health (MNH) registry, which registered pregnant women
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residing within the study clusters and recorded their outcomes. These included all deliveries, regardless of location
in home, clinic or hospital. In addition, in the ACT intervention clusters, trained staff at each site collected process
data on the use of ACS. The study was overseen by a research team at each of the study sites and a central study
steering committee.
All health providers in intervention clusters were
trained to identify women presenting before 36 weeks’
gestation with signs of labor, preterm premature rupture
of membranes, pre-eclampsia or eclampsia, and obstetric
hemorrhage as at high risk of preterm birth and potential candidates for ACS. Providers were trained to assess
gestational age by use of an algorithm that included last
menstrual period (LMP) and estimated delivery date, or
uterine height if neither the LMP nor estimated delivery
date were known. Uterine height was measured using a
color-coded tape that was developed and validated to
measure uterine height, with a red zone indicating an
estimated gestational age younger than 36 weeks and
0 days [7]. Ultrasound was considered to be the best estimate for gestational age determination, but was rarely
available. Posters were displayed at facilities in the intervention group and discs were designed and distributed
to calculate gestational age on the basis of LMP or estimated delivery date. The posters, discs and tapes also
served as reminders about signs of risk. This gestational
age assessment was used to determine if a woman was
at high risk for preterm birth. For women determined to
be eligible, providers were trained to provide one course
of ACS (dexamethasone).
For intervention and control clusters, stillbirths were
classified as <5th percentile based on measured birth weight
and estimated weights by clinical assessment when measured weights were missing being less than the site-specific
cut off. Those without any measure of birth weight were
coded as <5th percentile. Additionally, site-specific birth
weight percentile bands and broad birth weight groups
were determined from measured and estimated birth
weights collected by the RAs. If a stillbirth did not have a
measured weight, estimated weights were used when they
fit in one of the percentile bands or otherwise was recorded
as missing. Preterm delivery (<37 weeks vs ≥ 37 weeks) was
determined by an algorithm which used the estimated delivery date and last menstrual period recorded by the RAs,
and site-specific 95th percentile for birth weight at
36 weeks.
Stillbirths in low-income countries are often classified
by maceration or fresh status [6]. The RAs were trained to
determine maceration status using pictures of macerated
stillbirths (e.g., peeling skin) in training sessions. Fresh
stillbirths are generally considered to have occurred within
12 h of delivery and generally during the intrapartum
period. Most of these deaths are believed to be due to
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asphyxia occurring during labor. Macerated stillbirths are
generally considered to have died before labor [8]. The
deaths in macerated fetuses are considered due to a variety of causes including infection [9].
In the analysis phase, suspected maternal infection
was assessed by using a composite of process outcomes
including maternal receipt of antibiotics plus hospital
admission or referral, and receipt of intravenous fluids,
surgery, or other treatment related to infection [2]. Additionally, women with postpartum signs and symptoms
of severe sepsis with admission to hospital or sepsis as
the primary cause of maternal death were included. The
definition also included evidence of antepartum or postpartum infection for mothers with infants with a birth
weight less than 2500 g. This algorithm was not used
clinically.
The trial population included all births, whether stillborn or live born. The trial period included births between
October 2011 and March 2014, depending on each site’s
18-month enrollment period, with most births occurring
in 2012 and 2013. Because the MNH registry was initiated
prior to the trial, stillbirth rates and process data were
available in each cluster for at least a year prior to the
initiation of the study [10]. The pretrial period occurred in
2010 and 2011 (four clusters in Belgaum, India were
added in 2011).
Statistical analyses

Generalized linear models were used to evaluate the relationship between covariates and the outcomes of interest
and to develop point and interval estimates of relative risk
(RR) associated with these risk factors. Generalized estimating equations were used to account for the correlation
of outcomes within cluster to develop appropriate confidence intervals. Models were log binomial when possible,
otherwise Poisson models were utilized. Models were
adjusted for randomization strata. All analyses were done
by RTI International with SAS versions 9.3 and 9.4 (SAS
Institute, Cary, NC, USA).
Ethical approval

The ACT trial was reviewed and approved by the ethics
committees at each site, the World Health Organization
and the NICHD. All women provided informed consent
prior to participation. Trial registration was at clinicaltrials.gov (NCT01084096).

Results
We previously reported the stillbirth rates in the intervention and control arms of the study [2]. Overall, there were a
total of 48,219 women and 48,698 babies in the ACT intervention clusters and 51,523 women and 52,007 babies in
the control clusters. There were a total of 1,304 stillbirths
in the treatment clusters (26.8 per 1000 births) vs 1,264 in
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the control clusters (24.3 per 1000 births) with (RR 1.11,
95 % CI 1.02–1.22, p = 0.0181) (Table 1) Using similar
registry data for the period prior to the trial (2010), the
stillbirth rate was 31.8 per 1000 births in the intervention
clusters and 27.6 per 1000 births in the control clusters (RR
1.17, 95 % CI 1.06,1.29, p = 0.0026). When we adjusted for
the pretrial stillbirth rate and randomization strata, the risk
of stillbirth during the trial period associated with being in
the intervention clusters decreased from 1.11 to 1.08 (95 %
CI, 0.99–1.17, p =0.073). Thus, the results were in the same
direction but no longer statistically significant.
Prior to the trial, the stillbirth rate in the <5th percentile births was 310.6 per 1000 in the intervention group
and 272.6 per 1000 births in the control group (RR 1.15,
95 % CI 1.04–1.28, p = 0.008) (Table 1). During the trial,
the stillbirth rate in the intervention clusters in the <5th
percentile births was 228.9/1000 births while in the < 5th
percentile births in the control clusters, the stillbirth
rate was 246.6/1000 births (RR 0.99, 95 % CI 0.90–1.09,
p = 0.813). Adjusting for the pretrial stillbirth rate and
randomization strata, the stillbirth risk among the <5th
percentile births remained similar (RR 0.97, 95 % CI
0.89–1.05, p = 0.409).
We evaluated the stillbirth rates between the intervention and control groups by site in the pretrial and trial
periods. As shown in Table 1, the stillbirth rates fell substantially in all sites but Kenya from the pretrial to the
trial period. The overall reductions in stillbirth rates
were by 5.0/1,000 births in the intervention clusters and
3.3/1,000 births in the control clusters. During the trial
period, 5 of the 7 sites including Pakistan, Belgaum,
Zambia, Kenya and Guatemala had a higher stillbirth rate
in the intervention compared to the control clusters, while
Nagpur and Argentina had lower stillbirth rates in the
intervention clusters. The higher stillbirth rates in the
intervention clusters in Pakistan (49.7 vs. 42.2 per 1000, p
= 0.009) and in Zambia (22.9 vs.15.9 per 1000, p = 0.020)
were statistically significant as was the lower stillbirth rate
in the intervention clusters compared to the control clusters in Argentina (11.8 vs. 13.4 per 1000, p = 0.006). In the
<5th percentile births, Zambia had a higher stillbirth rate
in the intervention clusters that was nearly significant
(238.5 vs. 193.9 per 1000, p = 0.0561 while Kenya had a
lower stillbirth rate in the intervention clusters that also
was nearly significant (184.0 vs 250.0 per 1000, p = 0.066).
We next explored whether there were differences between stillbirth rates by sex in the intervention compared
to the control clusters. There were 667 male stillbirths in
the intervention clusters with a rate of 26.6 per 1000 births
and 672 stillbirth males in the control clusters for a rate of
25.0 per/1000 births (Table 2). There were 561 female stillbirths in the intervention clusters (23.8 per 1000) and 540
female stillbirths for a rate of 21.6 per 1000 births in the
control clusters. Therefore, the stillbirth rates were higher

Pretrial period
Characteristica

Argentina

Guatemala

Pakistan

Int

Int

Int

Cntl

Cntl

Cntl

Belgaum

Nagpur

Int

Int

Cntl

Kenya
Cntl

Int

Zambia
Cntl

Int

Total
Cntl

Int

Cntl

RR (95 %)b

p-value

1.17 (1.06,1.29)

0.003

All babies, N

1,439

1,437

2,981

2,321

5,481

7,101

8,675

9,649

5,206

4,958

3,994

5,209

2,986

4,188

30,762 34,863

Stillbirths, N (Rate/
1000)a

28
(19.5)

22
(15.3)

67
(22.5)

50
(21.5)

295
(53.8)

320
(45.1)

255
(29.4)

252
(26.1)

148
(28.4)

126
(25.4)

84
(21.0)

102
(19.6)

101
(33.8)

90
(21.5)

978
(31.8)

962
(27.6)

<5th percentile for
weight babies, N

81

99

124

123

717

746

358

389

267

299

167

217

176

214

1,890

2,087

<5th percentile
stillbirths, N (Rate/
1000)a

16
12
27
18
214
200
150
154
90
87
36
39
54
59
587
569
1.15 (1.04, 1.28)
(197.5) (121.2) (217.7) (146.3) (298.5) (268.1) (419.0) (395.9) (337.1) (291.0) (215.6) (179.7) (306.8) (275.7) (310.6) (272.6)

Goldenberg et al. Reproductive Health (2016) 13:68

Table 1 Stillbirth rates during the pretrial (2010) and trial periods by ACT intervention group and site

0.008

Trial period
Argentina

Guatemala

Pakistan

Characteristic

Int

Cntl

Int

Cntl

Int

All babies, N

2,122

2,311

5,863

3,978

Stillbirths, N (Rate/
1000)a

25
(11.8)

31
(13.4)

113
(19.3)

<5th percentile for
weight babies, N

105

149

390

<5th percentile
stillbirths, N (Rate/
1000)a

14
18
44
26
224
203
244
256
107
122
53
63
62
51
748
739
0.99 (0.90–1.09)
(133.3) (120.8) (112.8) (135.4) (227.6) (228.1) (314.0) (292.9) (230.6) (323.6) (184.0) (250.0) (238.5) (193.9) (228.9) (246.6)
Adjusted for pretrial <5th
percentile for weight SB rate
0.97 (0.89, 1.05)

a

Belgaum

Nagpur

Cntl

Int

Int

7,800

8,315

73
(18.4)

388
(49.7)

192

984

Cntl

Kenya

Zambia

Total

Cntl

Int

Cntl

Int

Cntl

Int

Cntl

15,022 16,774 7,570

7,655

5,993

7,187

4,328

5,787

48,698 52,007

351
(42.2)

376
(25.0)

382
(22.8)

158
(20.9)

181
(23.6)

145
(24.2)

154
(21.4)

99
(22.9)

92
(15.9)

1,304
(26.8)

1,264
(24.3)

890

777

874

464

377

288

252

260

263

3,268

2,997

RR (95 %)b

p-value

1.11 (1.02–1.22)

0.018

Adjusted for pretrial SB rate
1.08 (0.99,1.17)

0.073

0.813
0.409

a
The trial period included births between October 2011 and March 2014, depending on each site’s 18-month enrollment period, with most births occurring in 2012 and 2013. Most births included in the pretrial period
occurred in 2010. However, for the four clusters in Belgaum, India which were added after 2010, births from May 2011-May 2012 were included. Stillbirths are ≥ 20 weeks gestational age or ≥ 500 g. The denominator
for the stillbirth rate is stillbirths + live births
b
Generalized linear models were used to evaluate the relationship between covariates and the outcomes of interest and to develop point and interval estimates of relative risk (RR) associated with these risk factors.
Generalized estimating equations were used to account for the correlation of outcomes within cluster to develop appropriate confidence intervals. Models were log binomial when possible, otherwise Poisson models
were utilized. Models were adjusted for randomization strata
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Table 2 Stillbirth characteristics by ACT intervention group
Characteristic

a

Babies, N

RR (95 % CI)d

p-value
–

Intervention

Control

48,698

52,007

–

Stillbirths (SB), N

1,304

1,264

–

–

Male SB rate, N (Rate/1000)

667 (26.6)

672 (25.0)

1.10 (0.99, 1.22)

0.086d

Female SB rate, N (Rate/1000)

561 (23.8)

540 (21.6)

1.08 (0.96, 1.22)

0.177d

1,060

1,014

b

Birth weight percentile , N
(% of stillbirths)

0.211e

< 5th

601 (56.7)

612 (60.4)

5–24

161 (15.2)

139 (13.7)

25–49

110 (10.4)

102 (10.1)

50–74

83 (7.8)

74 (7.3)

75+

105 (9.9)

87 (8.6)

1,259

1,218

< 1000 g SB rate, N (Rate/1000)

161 (631.4)

197 (693.7)

0.93 (0.83, 1.05)

0.239d

1000–1499 g SB rate, N (Rate/1000)

272 (443.0)

215 (378.5)

1.22 (1.10, 1.36)

0.0003d

1500–2499 g SB rate, N (Rate/1000)

360 (51.6)

365 (57.4)

0.91 (0.78, 1.06)

0.218d

2500+ g SB rate, N (Rate/1000)

466 (11.4)

441 (9.9)

1.18 (1.04, 1.33)

0.008d

Preterm SB rate, N (Rate/1000)

645 (116.6)

681 (127.8)

0.93 (0.83, 1.04)

0.182d

Term SB rate, N (Rate/1000)

535 (12.8)

477 (10.6)

1.20 (1.06,1.37)

0.004d

Macerated, N (% of stillbirths)

467 (35.8)

385 (30.5)

1.18 (1.04, 1.35)

0.013f

Birth weight categorizedc, N

Women in the treatment group
identified by the intervention as
high risk who received steroids
and delivered a stillborn baby
Time since 1st dose to delivery, N (%)

271

Less Than 2 Days

83 (30.6)

2–7 Days

53 (19.6)

8–30 Days
More than one month

61 (22.5)
74 (27.3)

Stillbirth ≥ 20 weeks GA or ≥ 500 g. The denominator for the stillbirth rate is stillbirths + live births
b
Site-specific birth weight percentile (measured and estimated weights combined)
c
Birth weight groups (measured and estimated weights combined)
d
Generalized linear models were used to evaluate the relationship between ACT intervention group and stillbirth and to develop point and interval estimates of
relative risk (RR) associated with these risk factors. Generalized estimating equations were used to account for the correlation of outcomes within cluster to
develop appropriate confidence intervals. Models were log binomial when possible, otherwise Poisson models were utilized. Models were adjusted for
randomization strata
e
Mantle Hansel chi-square test of ACT intervention group by birth weight percentile band adjusted for randomization strata
f
Generalized linear model was used to evaluate the relationship between ACT intervention group and maceration among stillbirths and to develop point and
interval estimates of relative risk (RR) associated with these risk factors. Generalized estimating equations were used to account for the correlation of outcomes
within cluster to develop appropriate confidence intervals. Model was log binomial and was adjusted for randomization strata
a

in male infants and the differences in stillbirth rates between male and female fetuses were similar in the intervention and control clusters.
Table 2 also provides the birth weight percentile and birth
weight group distributions in the intervention and control
clusters among the stillbirths. Site specific birth weight
percentile bands could not be categorized for 244 (19 %) of
intervention babies and 250 (20 %) of control babies. Stillbirths in the treatment and control groups were similarly
distributed in the 25th - 49th and 50th – 74th birth weight
percentile bands. Among the intervention group there were

more stillbirths in the 5th - 24th percentile band and the
75th or greater percentile band than the control group.
However, when adjusted by randomization strata, these
differences in the distribution by treatment group were not
statistically significant (p = 0.2114). There were fewer stillbirths missing from the broad birth weight groups (3 % of
the intervention and 4 % of the control stillbirths did not
have a measured or estimated birth weight). When compared to the control group, the intervention cluster stillbirth rates were lower, but not significantly so, in the
<1000 g (p = 0.2385) and 1,500-2,499 g (p = 0.2177) groups
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and significantly higher in the 1,000-1,499 g (p = 0.0003)
and ≥2,500 g groups (p = 0.0078).
Conceding that our gestational age data were not optimal, we nevertheless attempted to evaluate and compare
stillbirth rates by whether the fetuses in the intervention
and control clusters were preterm or term. When the babies were divided into term and preterm groups, stillbirth
rates were lower but not significantly so in births classified
as preterm (116.6 vs 127.8 per 1000 births (RR 0.93, 95 %
CI 0.83, 1.04, p = 0.182) (Table 2) and significantly higher
in births classified as term in the treatment vs control
clusters, 12.8 vs 10.6 per 1000 births (RR 1 · 20, 95 % CI
1 · 06, 1 · 37, p = 0.004).
Considering these three analyses, the most consistent
finding was a higher rate of stillbirth in the heavier, and
most likely term fetuses in the intervention clusters. The
results for the lighter less mature infants were inconsistent, but some of the results suggest that there may have
been a small reduction in stillbirths in some of the low
birth weight and preterm groups in the intervention
clusters.
We compared the maceration status of the stillbirths by
treatment group (Table 2). Over one third of stillbirths
(35.8 %) in the treatment and 30.5 % in the control group
were macerated. When we modeled macerated status
among the stillbirths, we found that the intervention
cluster stillbirths were significantly more likely to be macerated (RR 1.18, 95 % CI 1.04, 1.35, p = 0.013). In every
percentile group, birth weight group and gestational age
group, maceration was more common in the intervention
clusters while fresh stillbirths were more common in the
control clusters (Table 3).
We also explored when the stillbirths occurred in relationship to the timing of the first ACS injection, but had
this information only for the intervention clusters. Table 2
shows that half of the mothers of stillbirths who received
ACS delivered within the first week after the ACS injection,
(31 % at <2 days) with about a quarter of the deliveries each
occurring at 8–28 days and > 28 days. Thus, many of the
mothers of stillbirths delivered in relatively close proximity
to receiving the ACS dose. Conversely, about half delivered
a week or more after the ACS administration.
We evaluated various measures of care in the intervention and control clusters, both in the pretrial period and
during the trial in an attempt to discover whether differences in care or changes in care during the intervention
period might explain part of the difference in stillbirth
rates between the intervention and control clusters. Because we had pretrial registry data, we were able to evaluate if differences in care observed during the trial predated
the trial. To sum up the data presented in Table 4, there
were differences in the prenatal care and obstetric care
between the intervention and control clusters. Women in
the intervention clusters were more likely to be attended
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Table 3 Macerated and non-macerated stillbirths by ACT intervention group
Total
Characteristic, N (%)

Intervention

All stillbirths, N

1,304

Control
1,264

Maceration

467 (35.8)

385 (30.5)

No maceration

837 (64.2)

879 (69.5)

601

612

251 (41.8)

222 (36.3)

Birth weight percentilea
< 5th
Maceration
No maceration

350 (58.2)

390 (63.7)

161

139

Maceration

54 (33.5)

38 (27.3)

No maceration

107 (66.5)

101 (72.7)

5–24

25–49

110

102

Maceration

28 (25.5)

22 (21.6)

No maceration

82 (74.5)

80 (78.4)

83

74

Maceration

21 (25.3)

12 (16.2)

No maceration

62 (74.7)

62 (83.8)

50–74

75+

105

87

Maceration

20 (19.0)

11 (12.6)

No maceration

85 (81.0)

76 (87.4)

Birth weight categorizedb
< 1000 g

161

197

Maceration

70 (43.5)

71 (36.0)

No maceration

91 (56.5)

126 (64.0)

272

215

Maceration

122 (44.9)

82 (38.1)

No maceration

150 (55.1)

133 (61.9)

1000–1499 g

1500–2499 g

360

365

Maceration

139 (38.6)

127 (34.8)

No maceration

221 (61.4)

238 (65.2)

466

441

Maceration

116 (24.9)

94 (21.3)

No maceration

350 (75.1)

347 (78.7)

2500+ g

Preterm

645

681

Maceration

258 (40.0)

226 (33.2)

No maceration

387 (60.0)

455 (66.8)

a

Site-specific birth weight percentile (measured and estimated
weights combined)
b
Birth weight (measured and estimated weights combined)

by nurses during delivery than those in the control clusters
(38 % vs. 30 %) and less likely to be attended by physicians
(39.7 % vs. 45.1 %). More women in the intervention clusters than in the control clusters delivered in clinics (28.2 %
vs. 22.7 %), and fewer had hospital deliveries (49.4 % vs.
53.1 %). Similar patterns were also seen in women with
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Table 4 Factors related to process of care by ACT intervention group among all births
Characteristic

Pretrial Period

Trial Period

Intervention

Control

Intervention

Control

30,492

34,533

48,219

51,523

Any antenatal care

28,743 (94.4)

32,801 (95.1)

Number of antenatal visits

Data not collected during pretrial period

Deliveries, N
Antenatal Care

45,374

48,052

0

1,216 (2.7)

1,111 (2.3)

>3

24,663 (54.4)

25,491 (53.0)

43,980

46,632

1st

22,196 (50.5)

24,801 (53.2)

2nd

14,648 (33.3)

14,059 (30.1)

3rd

7,136 (16.2)

7,772 (16.7)

Trimester of 1st antenatal visit

Administration of diagnosis tests or preventive care
Syphilis or HIV test

21,944/30,435 (72.1)

24,071/34,446 (69.9)

37,975/47,961 (79.2)

40,343/51,185 (78.8)

Tetanus toxoid vaccine

26,892/30,422 (88.4)

30,467/34,478 (88.4)

40,313/47,980 (84.0)

44,453/51,219 (86.8)

Prenatal vitamin/iron

27,706/30,405 (91.1)

30,829/34,472 (89.4)

44,321/47,952 (92.4)

47,212/51,191 (92.2)

Delivery care
Delivery attendant

30,490

34,531

48,215

51,519

Physician

10,305 (33.8)

12,709 (36.8)

19,122 (39.7)

23,233 (45.1)

Nurse/nurse midwife/LHW

10,348 (33.9)

10,094 (29.2)

18,166 (37.7)

15,366 (29.8)

TBA/Family/Unattended

9,837 (32.2)

11,728 (34.0)

10,927 (22.7)

12,920 (25.1)

Delivery location
Hospital

30,482

34,494

48,217

51,519

12,013 (39.4)

15,008 (43.5)

23,798 (49.4)

27,345 (53.1)

Clinic

8,486 (27.8)

7,619 (22.1)

13,593 (28.2)

11,675 (22.7)

Home/Other

9,983 (32.8)

11,867 (34.4)

10,826 (22.5)

12,499 (24.3)

3,001 (9.8)

3,279 (9.5)

7,133/48,218 (14.8)

7,655/51,520 (14.9)

C-section

<5th percentile infants. These trends were similar to those
noted in the pretrial period. Thus, although there were
differences in care between the intervention and control
clusters during the ACT trial, these differences preceded
the trial. Therefore, we cannot rule out that differences in
care were associated with the higher stillbirth rate in the
intervention clusters.
We did not have data to evaluate whether fetal infection
was more common in stillbirths in the control or intervention clusters since autopsies or placental examinations were
not performed. However, as in the primary paper, we had
data to evaluate potential infection in the mothers. Suspected maternal infection was reported in 2.5 % of women
in the intervention clusters and 1.7 % in the control clusters
(OR 1 · 45, 95 % CI 1 · 33–1 · 58, p < 0 · 0001). Among
women who delivered <5th percentile infants, the suspected
maternal infection was reported in 10.0 % of the women in
the intervention clusters and 6.4 % of women in the control
clusters (OR 1 · 67, 95 % CI 1 · 33–2 · 09, p < 0 · 0001). Thus,
there appeared to be a greater incidence of maternal infection in the intervention clusters.

Mothers of stillbirths were also more likely to be classified as having a suspected maternal infection (207/2,526
(8.2 %) versus 1,867/97,211 (1.9 %) of mothers with a live
birth. Among mothers with stillbirth, 114/1,280 (8.9 %) in
the treatment group and 93/1,153 (7.5 %) in the control
group experienced suspected maternal infection. Three of
the sites (Argentina [12.0 % vs 6.7 %], Belgaum [7.8 %
versus 5.3 %] and Nagpur [11.7 % vs 5.0 %] showed modest higher risk of having a suspected maternal infection in
the treatment arm. The other four sites had less than a
1.2 % difference in risk between the arms withGuatemala
and Kenya having slightly higher risk in the treatment arm
and Zambia and Pakistan having slightly higher risk in the
control arm. Because the number of events was relatively
small and all sites had heterogeneity of effects across
randomization strata, no formal inference of overall or
within site differences was conducted and an overall odds
ratio was not calculated.
Finally, we tried to determine if the increase in stillbirth
could be related to the receipt of ACS. In the intervention
clusters, the mothers of 293/1,267 stillbirths (23.2 %)
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fetuses so differential impact by gender does not appear to
be part of the explanation for these findings. The increase
in stillbirths occurred in fetuses labeled as macerated and
not in fresh stillbirths. This finding suggests that the higher
stillbirth rate in the intervention clusters did not occur
during the labor and delivery process, but instead occurred
in the antenatal period. Since about 50 % of the mothers of
stillbirths delivered within a week after receiving the ACS
injection, this suggests, but does not prove, that some of
the increase in stillbirths associated with being in the intervention clusters occurred within days after receiving the
ACS injection, but not during labor. On the other hand,
about 50 % of the mothers of stillbirths delivered more than
a week following receipt of ACS.
Because of the relatively poor gestational age ascertainment at the sites during the trial, the results regarding
gestational age and stillbirth rates should be interpreted
cautiously. Nevertheless, the stillbirth rate was higher in the
intervention clusters in fetuses who appeared to be term
compared to preterm, in fetuses ≥25th percentile birth
weight, and in fetuses ≥ 2500 g. These consistent results
strongly suggest that there were higher stillbirth rates in the
heavier more mature fetuses in the intervention clusters.
The results for the smaller and earlier gestational age
fetuses are less consistent. Since there were fewer stillbirths
in the intervention clusters in the < 5th percentile births, in
the < 1000 g births and in the 1500 to 2499 g births and in
fetuses categorized as preterm, it is unlikely the intervention was associated with a higher stillbirth rate in smaller
earlier gestational age stillbirths, and there may have been a
small reduction in the stillbirth rates in these groups.
The reason mothers of fetuses who received ACS delivered outside the targeted window or even at term are

received ACS while in the control clusters, the mothers of
23/1,237 stillbirths (1.9 %) received ACS (Table 5). In the
intervention clusters, fetuses whose mothers received
ACS had more than twice the stillbirth rate compared to
those who did not (51.1 vs 24.3 per 1,000 births). In the
control clusters, the stillbirth rate for babies whose
mothers received ACS was more similar to those who did
not (29.2 vs 25.4 per 1,000 births). Thus, while maternal
receipt of ACS in the intervention clusters was associated
with a doubling of the stillbirth rate, in the control clusters
the increase in stillbirth rate among those fewer women
who received ACS, while still in the same direction, was
not as great as in the intervention clusters. Nevertheless,
with the mothers of 23.5 % of stillbirths receiving ACS,
more than enough women received ACS to potentially account for the higher stillbirth rate in the intervention
clusters.

Discussion
We explored potential reasons for the higher stillbirth
rate in the intervention clusters compared to the control
clusters in the ACT trial. As a secondary analysis of a
non-primary outcome in a trial not designed for this
purpose, the results cannot be considered definitive, but
may suggest further research directions.
The higher stillbirth rate in intervention clusters was
found in five of the seven sites. Although the overall differences in stillbirth rates between the intervention and control clusters were significant, the results were not in the
same direction at all sites. Further exploration of the reasons for site-specific differences in stillbirth rates therefore
may be warranted. Stillbirth rates were higher in the intervention clusters to the same degree in male and female

Table 5 Stillbirth rates by ACS administrationa and ACT intervention group and site
Argentina

Guatemala

Pakistan

Belgaum

Treatment

Control

Treatment

Control

Characteristic

ACS

No
ACS

ACS

ACS

ACS

Deliveries, N

271

1,297 163

1,551 540

5,135 39

3,812 1,871 5,927 125

Stillbirths, N

5

18

24

94

69

Stillbirths ≥ 20 weeks GA
or ≥ 500 g, N (Rate/1000)

5
18
3
24
12
94
0 (0.0) 69
117
271
4
(18.5) (13.9) (18.4) (15.5) (22.2) (18.3)
(18.1) (62.5) (45.7) (32.0)

3

No
ACS

Nagpur

Characteristic

12

No
ACS

0

Kenya
Control

Treatment

Control

ACS

ACS

ACS

ACS

No
ACS

Treatment

Control

ACS

ACS

117

No
ACS

271

4

No
ACS

No
ACS

No
ACS

Control
ACS

No
ACS

No
ACS
16,407

347

377

80

296

347
80
296
(42.4) (45.9) (22.4)

4

4
377
(12.0) (23.0)

Total

Treatment

Control

ACS

ACS

No
ACS

Treatment
ACS

8,186 1,743 13,228 332

Zambia

Treatment
No
ACS

No
ACS

No
ACS

Treatment

Control

ACS

ACS

No
ACS

No
ACS

Deliveries, N

612

5,822 84

6,351 178

5,708 30

7,007 519

3,043 15

4,550 5,734 40,160 788

47,864

Stillbirths, N

36

110

164

123

148

62

85

1,214

Stillbirths ≥ 20 weeks GA
or ≥ 500 g, N (Rate/1000)

36
110
5
164
16
123
5
148
27
62
2
85
293
974
(58.8) (18.9) (59.5) (25.8) (89.9) (21.5) (166.7) (21.1) (52.0) (20.4) (133.3) (18.7) (51.1) (24.3)

5

16

5

27

2

293

974

23

23
1,214
(29.2) (25.4)

a
Data on administration of ACS from the MNH Registry are available for 1,267/1,304 (97.2 %) of stillbirths in the intervention group and 1,237/1,264 (97.9 %) of
stillbirths in the control group
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unknown. One possible explanation is that the gestational
age dating was often inaccurate, and the care givers who
determined use of ACS were often inexperienced and
poorly trained. Another explanation, and a common finding
in many of the published ACS trials, is that a significant
proportion of ACS recipients were in the appropriate gestational age interval when they received the ACS injection,
but delivered later in their pregnancy [11, 12]. We expect
that both explanations account for the fact that many
women in this trial who received ACS delivered heavier
and older gestational age infants.
We have little data to help us explain the cause for the
higher stillbirth rate in the intervention clusters. From
the primary paper we know that women in the intervention arm likely had more infections than women and
neonates in the control clusters [2]. We also know that
the increase in stillbirths in the intervention compared
to control clusters was associated with a higher rate of
maceration, suggesting that asphyxia during labor was
not the cause of the higher stillbirth rate. Since aside
from asphyxia and congenital anomalies, infection is the
primary cause of stillbirths, it is conceivable that the
higher rate of stillbirths associated with being in the
intervention clusters is in part related to increased infection. Proving that this is the explanation for the higher
rate of stillbirths in the intervention clusters is not possible from the available data, but any future study of
ACS in LIC settings should collect data related to maternal and fetal infection status.
There were differences in obstetric care between the
intervention and control clusters and these differences
were found in both the pretrial and trial period. In the
pretrial period these differences were also associated
with a difference in stillbirth rates between the intervention and control clusters. Therefore, our data do not
allow us to rule out the possibility that part of the differences in stillbirth rates between the intervention and
control clusters prior to and during the trial were due to
differences in obstetric care.
Most randomized trials of ACS have not reported stillbirth rates and those that have reported stillbirth rates
generally report stillbirths that occurred in the week
following ACS administration or in preterm newborns.
However, a meta-analysis of women who received ACS
and delivered later than 7 days after ACS administration
showed significant increases in both perinatal deaths and
in chorioamnionitis in the treatment group [13]. Stillbirths
were increased, but not significantly so. Thus, there is a
precedent in the literature that ACS given to women who
ultimately deliver outside the one-week window of likely
benefit for neonatal outcomes may have an increase in infection and stillbirth associated with ACS administration.
Because so many women in this trial delivered outside the
7-day window, and delivered more mature and heavier
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infants, these factors may explain some of the ACT study
stillbirth findings. However, more likely, the differences in
stillbirth rates between the intervention and control clusters in the ACT trial period are explained at least in part
by the differences in health care that existed prior to the
ACT study and continued throughout the study.

Conclusions
In summary, in the ACT trial there was a small but significantly higher rate of stillbirths among women in the intervention clusters. The increase was seen in 5 of the 7 sites,
and was not consistent across the study. Differences in care
between the intervention and control clusters may explain
part or all of the higher stillbirth rate in the intervention
clusters, but this possibility cannot be proven from the
available data. It is also possible that differences in unmeasured maternal characteristics such as syphilis or malaria
played a role. The higher stillbirth rate in the intervention
clusters was similar in male and female fetuses. The higher
stillbirth rate in the intervention clusters was apparent only
in the larger and term fetuses. There was no consistent
increase in stillbirths in the intervention clusters in the
lighter more preterm infants and there may have been a
small reduction in stillbirths in some birth weight and
gestational age groups. Because of the poor gestational age
dating available for those participating in the ACT trial, we
can make no definitive statement about the impact of the
intervention on stillbirth rates in smaller and earlier gestational age fetuses. Finally, data related to causation are limited, but suggest that fetal asphyxia is not likely to explain
our findings. Instead, our data suggest that infection may
explain some of the observed higher rate of stillbirths in the
intervention clusters. The meta-analysis of individually randomized ACS trials showing an increase in infection and
perinatal mortality in women delivering more than 7 days
after receiving ACS lends credence to this hypothesis [10].
Nevertheless, it appears that the higher stillbirth rate in the
intervention clusters preceded the study and was coincident
with differences in obstetric care between the intervention
and control clusters. We also emphasize that the difference
in stillbirth rates between the intervention and control clusters was small and although statistically significant could
have occurred by chance.
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Abstract
Background: Karnataka State continues to have the highest rates of maternal mortality in south India at 144/100,000
live births, but lower than the national estimates of 190–220/100,000 live births. Various barriers exist to timely and
appropriate utilization of services during pregnancy, childbirth and postpartum. This study aimed to describe the
patterns and determinants of routine and emergency maternal health care utilization in rural Karnataka State, India.
Methods: This study was conducted in Karnataka in 2012–2013. Purposive sampling was used to convene twenty three
focus groups and twelve individual interviews with community and health system representatives: Auxiliary Nurse
Midwives and Staff Nurses, Accredited Social Health Activists, community leaders, male decision-makers, female decisionmakers, women of reproductive age, medical officers, private health care providers, senior health administrators, District
health officers, and obstetricians. Local researchers familiar with the setting and language conducted all focus groups and
interviews, these researchers were not known to community participants. All discussions were audio recorded,
transcribed, and translated to English for analysis. A thematic analysis approach was taken utilizing an a priori thematic
framework as well as inductive identification of themes.
Results: Most women in the focus groups reported regular antenatal care attendance, for an average of four visits, and
more often for high-risk pregnancies. Antenatal care was typically delivered at the periphery by non-specialised providers.
Participants reported that sought was care women experienced danger signs of complications. Postpartum care was
reportedly rare, and mainly sought for the purpose of neonatal care. Factors that influenced women’s care-seeking
included their limited autonomy, poor access to and funding for transport for non-emergent conditions, perceived poor
quality of health care facilities, and the costs of care.
Conclusions: Rural south Indian communities reported regular use of health care services during pregnancy and for
delivery. Uptake of maternity care services was attributed to new government programmes and increased availability of
maternity services; nevertheless, some women delayed disclosure of pregnancy and first antenatal visit. Community-based
initiatives should be enhanced to encourage early disclosure of pregnancies and to provide the community information
regarding the importance of facility-based care. Health facility infrastructure in rural Karnataka should also be enhanced to
ensure a consistent power supply and improved cleanliness on the wards.
Trial registration: NCT01911494
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Background
Health care utilization overall, and for maternal health
specifically, has improved in India. Much of the progress
made has been attributed to the National Rural Health
Mission (NRHM) that has increased the number of community health workers and community level facilities, and
resulted in more institutional deliveries [1, 2] (see Table 1).
These community health workers (Accredited Social
Health Activists, Auxiliary Nurse Midwives, Anganawadi
worker, staff nurses) provide routine antenatal care in the
home or government run centres (sub-centre, primary
health centre, community health centre). Anganawadi
workers provide the most basic health services, while
Accredited Social Health Activists (ASHA) are facilitators
for care, providing prevention and education.
The timing and frequency of visits in pregnancy and
postpartum is not well known, there is also a paucity in
the literature regarding the indications for which women
and families feel necessary to seek care and the cultural
beliefs guiding these decisions. Rural areas, such as the
study areas of Belgaum and Bagalkot, have poorer coverage and access to maternal health care services and deserve targeted review.
Explanatory factors for under-utilization of maternal
care services are numerous, and include: young maternal
age; religion (Muslims in Karnataka were less likely to
receive the recommended four antenatal visits); poor
education; unskilled occupation; poverty; low caste; parity (higher birth order were less likely to access antenatal
services); lack of autonomy; poor familial support; lack
of access to transport; and the high cost of care and

when it is accessed, its poor quality (such as shortages of
supplies and staff, mistreatment by staff, or poor training
or limited experience of staff ) [1, 3–9]. These have been
demonstrated overall and within Karnataka State, India
specifically [1, 3].
As suboptimal levels of utilization are considered to
contribute to poor maternal health, [1, 8, 10, 11], this
study was designed to explore the patterns of maternal
health care utilization in rural Karnataka, as well as to
identify the barriers that must be addressed to raise levels
of that utilization with the ultimate goal of improving maternal and perinatal outcomes. This study further contributes to the literature by providing many community and
health system perspectives. Previous studies have focused
on the perspectives of health care providers, pregnant
women and at times husbands, seldom has research on
this topic included the views of other important decisionmakers, particularly mothers-in-law.

Methods
Study setting

This qualitative study was conducted in two rural Districts of Karnataka State (Belgaum and Bagalkot) (Fig. 1)
where women have higher birth order, lower maternal
age, and are more likely to be illiterate than women in
other southern states [3]. These differences reflect variable political commitment to maternal health, poor implementation of the NRHM, and decentralization of
services [12].
This study was conducted as part of a feasibility study
for a cluster randomized controlled trial of a community-

Table 1 Site characteristics
India

South India

Karnataka

Site characteristics
Population

1,236,687

# States

35

Dominant religion

Hindu c

61,130,704 d
Hindu c

c

Women’s literacy

55 %

Employment

36 % currently employed c

Rural/urban

32 % urban

Fertility rate

2.8

Maternal mortality ratio

68 %

Hindu c

c

58 % c

41 % currently employed c

40 % currently employed c

a

39 % urban d

c

1.9

178 per 100,000 live births

b

c

2.1

105 per 100,000 live births

a

c

144 per 100,000 live births

Maternal health care utilization
Any ANC

76.4 % c

94 % c

89 % c

≥4 ANC

48 % c

89 % c (3+)

76 % c (3+)

c

Facility delivery (%)

39 %

Skilled attendant at delivery

47 % c

a

World Health Organization Country Profile: India 2012
Office of the Registrar of India, 2013
Demographic Health Survey 2013
d
Rural Health Statistics in India 2012
b
c

c

65 % c

84 % c

70 % c

79 %

a
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Fig. 1 Map of study sites, Karnataka State, India

based treatment package for pre-eclampsia administered
by community health care workers in Karnataka State
(NCT01911494) [13]. This formative research focused on
exploration of the knowledge, attitudes and beliefs of
community groups as well as facility assessments; the detailed methods are provided in [14].
Data collection

Data were collected from January to March 2013
through focus group discussions and one-to-one interviews with community members and health care providers. Purposive sampling was used; focus group
participants were recruited by invitation of primary
health centre staff, some during routine antenatal visits.
Each focus group was assembled separately by type of
respondent with the exception of Auxiliary Nurse
Midwives (ANM) and staff nurses who participated together. All focus groups were conducted in the local language, Kannada, at primary health centres which are
familiar to participants and have minimal distractions.

All concerned senior health administrators, private consultants, and obstetricians at teaching institutes were recruited for in-depth interviews. All interviews were
conducted in English. Local researchers conducted interviews and focus groups, these facilitators have backgrounds in community or obstetric medicine and
underwent qualitative research training prior to the
commencement of the study. Interviewers were not
known to community participants. However, some interviewees had prior interactions with interviewers, this
was avoided when possible. Interview participants were
provided a small compensation for work time lost. Focus
groups discussions lasted on average 60–90 min, while
interviews were 45–60 min.
Focus group and interview guides were semistructured and designed to focus on maternity care
utilization and the challenges to it, key areas included
routine antenatal care, pregnancy complications or danger signs, delivery, and postpartum care, decisionmaking power, transport, and quality of services. All
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discussions were audio recorded, photographs and field
notes were also taken. All recordings were reviewed to
ensure accuracy; responses were then transcribed verbatim into English.

Page 58 of 97

Ethical approval

This study was approved by the ethics review committees at the University of British Columbia, Vancouver
Canada (H12-00132) and KLE University, Belgaum India
(MDC/IECHSR/2011-12).

Participants

A total of twenty-three focus groups were held with community health workers (ANMs and staff nurses) (n = 48),
Accredited Social Health Activists (ASHA) (n = 53), community leaders (n = 27), male (n = 19) and female (n = 41)
decision-makers, women of reproductive age (n = 132),
and one with medical officers (n = 12) (Table 2). Twelve
interviews with two of each of the following stakeholders:
medical officers (each of whom is responsible for one primary health centre that usually serves as the entry point
to the health system), private consultants, senior health
administrators, District health officers, and four obstetricians from tertiary level health care centres.
Data saturation was judged to be sufficiently met in the
planned number of focus groups and interviews, as preliminary analyses revealed that similar themes and findings
were emerging repeatedly; therefore no additional data collection was done. Respondent characteristics within each
stakeholder group were relatively homogeneous but there
were some between group differences (Tables 2 and 3). All
community health workers were actively providing care in
the community at the time of data collection.

Analysis

An a priori thematic framework was used as an initial
guide and supplemented as novel themes emerged from
the data (Fig. 2). English interview and focus group transcripts, after initial analysis and de-identification, were
sent to the study co-ordinating office, University of British Columbia (UBC), where they were reviewed and
coded by the study qualitative research manager (MV).
Once coded, all transcripts were returned to the relevant
local research teams at Jawaharlal Nehru Medical
College (JNMC), Belgaum and S Nijalingappa Medical
College (SNMC), Bagalkot. This stage was followed by a
detailed review of the transcripts and preliminary analysis findings between the coder (MV) and in-country
study co-ordinators (UC), focus group/interview facilitators and transcribers (GK, UR, SB, SB, CK), as well as
principal investigators (MB, AM). This review included
the identification of new and emergent themes as well as
confirmation of the data interpretation. At the time of
this review, any misinterpretations of the data were corrected after review of the original transcript and group
consensus was reached. Themes were developed and
grouped to reflect wider concepts; to provide insight into
the subjective experiences of participants.

Results
Maternal health care utilization
Antenatal care

The timing of the first antenatal care visit varies;
according to providers there is now a trend to
present earlier in gestation, by the end of the third
month. Still, women described cultural beliefs that
implore them to conceal pregnancies, this includes
the belief that one should not cross a river early in
pregnancy: “It is a blind belief (superstition) [that it is
best] not to disclose” [ANM/staff nurse]. Identification
of pregnancies may be limited by availability of pregnancy tests: “Many times ANMs or ASHAs do not
have a free supply of pregnancy kits” [ANM/staff
nurse]. Women do not systematically track their menstrual cycle, and have difficulty recalling their last
menstrual period; as a result, asymptomatic women
may not know they are pregnant. ASHAs attempt to
track women of reproductive age in the community
to identify their pregnancies early, but are challenged
by women’s concealment.
Once the pregnancy is disclosed, women generally attend antenatal care. “During pregnancy we visit for
check-up” [woman of reproductive age]. The frequency
of visits varies significantly between respondents, with
women reporting an average of four antenatal care
(ANC) visits. More visits are reportedly made near term
and for those at high-risk of complications. Very few reported coming for fewer than three visits. This is congruent with and attributed to government programs and
recommendations: “Nowadays antenatal visits are more
because of incentives” [medical officer]. Government programs guided by the National Rural Health Mission include cash incentives for antenatal care visits and
institutional deliveries.
Antenatal care occurs at all levels of the health system
(public and private). In these communities, there is no
longer regular use of Dais (traditional birth attendants):
“No Dais working now, all that has decreased now”
[ANM/staff nurse]. Similarly, though many women use
folk remedies in pregnancy, the use of traditional providers is rare – “In older times there were many such
people [traditional healers]”; “[pregnant women] are
scared […] if they take such medicine […] and if something goes wrong” [male decision-makers]; “Nowadays
[traditional medicines] are not used, they prefer hospital
treatment” [female decision-makers].
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Table 2 Characteristics of focus group participants
# N
participants

Age (yr)

Occupation

Median
[range]

1.
Housewife2.
Labourer3.
Employee4.
Selfemployed5.
Other

Child <5 yr

Pregnant

Education

Relationship to
woman

1.
No formal schooling, cannot read or
write2.
No formal schooling, can read and write3.
Primary school incomplete4.
Primary school complete5.
Secondary school incomplete6.
Secondary school complete7.
Pre-university incomplete8.
Pre-university complete9.
University incomplete10.
University complete11.
Postgraduate12.
Don’t know

1.
Husband2.
Father3.
Father-in-law4.
Mother-in-law5.
Mother6.
Other

1 = (N = 1)

Not asked

Community leaders
1 7

36 [31,48]

1 = (N = 1)

Not asked

Not asked

2 = (N = 6)

6 = (N = 1)
8 = (N = 2)
10 = (N = 3)

2 10

36 [24,51]

1 = (N = 3)

Not asked

Not asked

1 = (N = 1)

4 = (N = 3)

3 = (N = 1)

5 = (N = 4)

4 = (N = 1)

Not asked

5 = (N = 1)
6 = (N = 3)
8 = (N = 1)
9 = (N = 1)
10 = (N = 1)
3 10

Not known

Not known

Not asked

Not asked

Not known

Not asked

2 = (N = 4)

Not
applicable

Not
applicable

1 = (N = 4)

1 = (N = 4)

Male decision-makers
1 8

26 [18,57]

3 = (N = 1)
4 = (N = 1)

3 = (N = 2)

3 = (N = 2)

6 = (N = 2)

6 = (N = 2)

3 = (N = 4)

2 = (N = 4)

5 = (N = 1)

3 = (N = 3)

6 = (N = 1)

6 = (N = 4)

5 = (N = 2)
2 11

49 [33,59]

3 = (N = 2)
5 = (N = 9)

Not
applicable

Not
applicable

10 = (N = 1)
12 = (N = 4)
Female decision-makers
1 10

45 [30,60]

1 = (N = 9)
2 = (N = 1)

Not
applicable

Not
applicable

1 = (N = 8)
4 = (N = 2)

4 = (N = 6)
5 = (N = 2)
6 = (N = 2)

2 18

45 [28,65]

1 = (N = 5)
3 = (N = 1)

3 13

48 [30,65]

Not
applicable

Not
applicable

1 = (N = 3)

4 = (N = 1)

3 = (N = 1)

5 = (N = 11)

12 = (N = 13)

1 = (N = 13)

Not
applicable

Not
applicable

Not known

2 = (N = 1)

3 = (N = 1)

4 = (N = 7)

5 = (N = 1)

5 = (N = 1)
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Table 2 Characteristics of focus group participants (Continued)
12 = (N = 11)

6 (N = 5)

Women of reproductive age
1 55

Not known

Not known

Not known

Not known

Not known

Not known

2 16

25 [20,30]

1 = (N = 16)

56 %

75 %

3 = (N = 3)

Not applicable

4 = (N = 1)
5 = (N = 1)
6 = (N = 2)
8 = (N = 2)
10 = (N = 1)
12 = (N = 6)
3 14

23 [18,30]

1 = (N = 9)

36 %

86 %

2 = (N = 5)

1 = (N = 3)

Not applicable

3 = (N = 3)
4 = (N = 1)
5 = (N = 1)
6 = (N = 3)
8 = (N = 2)
10 = (N = 1)

4 17

Not known

1 = (N = 17)

88 %

100 %

Not known

Not applicable

5 14

22 [18,58]

1 = (N = 12)

71 %

50 %

3 = (N = 3)

Not applicable

3 = (N = 2)

5 = (N = 3)
6 = (N = 3)
10 = (N = 2)
12 = (N = 3)

6 16

20 [19,26]

1 = (N = 16)

69 %

63 %

3 = (N = 7)

Not applicable

4 = (N = 4)
5 = (N = 1)
6 = (N = 3)
8 = (N = 1)
Auxiliary nurse midwives and staff nurses
1 8

36 [24,56]

Not known

Not asked

Not asked

6 = (N = 3)

Not applicable

8 = (N = 1)
10 = (N = 1)
11 = (N = 3)
2 9

41 [23,58]

5 = (N = 9)

Not asked

Not asked

6 = (N = 2)

Not applicable

7 = (N = 1)
8 = (N = 3)
10 = (N = 3)
3 19

39 [25,58]

SN (N = 7)

Not asked

Not asked

Not known

Not applicable

Not asked

Not asked

Not known

Not applicable

Not asked

Not asked

Not known

Not applicable

ANM (N = 10)
4 12

30 [24,53]

SN (N = 4)
ANM (N = 4)

Accredited social health activists
1 10

32 [26,36]

Not known

2 11

Not known

Not known

Not asked

Not asked

Not known

Not applicable

3 15

Not known

ASHA (N = 15)

Not asked

Not asked

Not known

Not applicable
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Table 2 Characteristics of focus group participants (Continued)
4 17

33 [21,44]

ASHA (N = 17)

Not asked

Not asked

Not known

Not applicable

Not known

Not asked

Not asked

Not asked

Not asked

Not applicable

Medical officers
1 15

Complications

It was widely agreed that care should be sought if a
woman is at high-risk of complications or if she displayed danger signs, such as eclampsia. The responses
focused on what is recommended, which may not reflect
the reality of practice: “when a pregnant woman feels
pain she should come to the hospital immediately”
[ANM/staff nurse]. Almost all women in the area delivered institutionally and reported using services for complications or emergencies. One woman described her
feelings regarding accessing services for emergencies:
“[We] do not have any problem in going to hospital during
emergency, if [we] are not feeling alright then only they go
to the hospital” [woman of reproductive age]. Generally, if
complications are perceived to be minor, women access
care at the primary health centre; however, if they are perceived as more serious, care is sought at a higher-level facility where specialists are available: “If it is severe we may
take her to the hospital” [community leader]. Much of the
discussion was related to pre-eclampsia and eclampsia
as this was a topic of interest for researchers and
probed directly: “I had fits in the home so I went to the
hospital” [woman of reproductive age]. Bleeding and
the absence of fetal movements were also commonly
mentioned as reasons for care seeking at the higher facility: “If pain in the abdomen is there, if the fetus does
not move properly” [woman of reproductive age].
Delivery

Many women stated that they visit the hospital at the time
of delivery, supported by the high rates of facility

deliveries: “Nowadays women are all aware of medical
care so they go to the hospital” [male decision-maker];
“During delivery time also we go, we have to go” [woman
of reproductive age]; “Everyone goes to the hospital”
[woman of reproductive age]. Participants often attributed
facility birth to government financial and material incentives, such as small remuneration and basic items (Madilu
kit) for care of the newborn. An ANM/staff nurses in
Bagalkot described the influence of these demand side initiatives: “Women don’t deliver at home now at least for the
sake of Madilu Kit” [ANM/staff nurse].
Postpartum

Few respondents mentioned postpartum health care
utilization, during discussion of ‘when to seek care related to childbirth’. When they did, care was usually
sought for newborn care or feeding difficulties: “If the
baby cannot breastfeed” [ANM/staff nurse]. Some community health care providers stated that women rarely
accessed services after delivery until the infant requires
immunizations: “For immunization of the child” [woman
of reproductive age].
How providers encourage women to seek care

Health care providers have adopted a number of strategies to encourage women to better access services.
Some providers stated that they offer to: accompany
women to referral facilities, provide services in the
home, and supply financial assistance or even free services. In addition, providers stated that they encourage
women to access appropriate and timely facility services,

Table 3 Characteristics of interview participants
#

Stakeholder

Training

Level of care

Pregnancies/Week

Catchment pop

Pre-eclampsia/12 months

1

Medical officer

MBBS

Primary

50–60

19,000

5–6

2

Medical officer

MBBS

Primary

10–15

35,000

20

3

Private practitioner

MD OBG

Tertiary

40–50

200,000

50–100

4

Private practitioner

MBBS & MD OBG

Tertiary

280–300

300–400,000

20–25

5

Senior health administrator

MS General Surgery

–

–

1,950,000

–

6

Senior health administrator

MBBS & PG in OBG

–

–

4,800,000

–

7

District health officer

Speciality DGO

Secondary

200–250

25,000

12–25

8

District health officer

MBBS & Diploma OBG

Secondary

50–60

270,000

200–220

9

Obstetrician

MD OBG

Tertiary

250

Unknown

80–100

10

Obstetrician

MBBS & DGO & MD

Tertiary

200–300

300,000

500+

11

Obstetrician

MBBS & Diploma OBG

Tertiary

45

Unknown

150–200

12

Obstetrician

MD OBG

Tertiary

–

800–900,000

15–17 %
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Fig. 2 Thematic analysis structure

particularly for delivery. This health care information is
targeted at the entire family, particularly husbands and
mothers-in-law, regarding available facilities and services,
possible pregnancy complications, and the importance of
antenatal care. One medical officer described the components of this education: “If you get a check-up, what
will happen, if you don’t get a check-up, that we will
tell and convince and will make them to come to the
hospital. Calling the mothers-in-law and whatever relations they will be having call them and explain the
risks and everything and what happens in the regular
ANC check up and take iron tablets” [medical
officer].
Determinants of health care utilization in pregnancy and
postpartum
Decision-making power

Respondents confirmed that the autonomy of women in
patriarchal Indian communities remains limited. Respondents almost unanimously claimed that women
have restricted decision-making power concerning their
own health, and few mentioned that this may be changing: “Nowadays [women] take their own decisions” [female decision-maker]. Mothers-in-law and husbands
hold the decision-making power, and they often resist
facility-based care: “The elders say why waste money in
going to hospital, they can deliver at home without any
problem” [ASHA]; “Sometimes elders in the family insist
for home delivery” [male decision-maker]. Stated reasons
for this included the family’s history of successful home
births, as described by many participants: “I delivered 10
to 12 times without any problems, why she should go to
the hospital for delivery?” [ANM/staff nurse]; “Elderly
people don’t allow them to go to the hospital as they
themselves delivered at home” [ASHA]. As a result,
women who are home alone must wait for a designated

decision-maker before appropriate action can be considered: “If nobody is home, she cannot go alone” [ANM/
staff nurse]. This lack of familial support was reported to
be widespread and to prevent or delay care-seeking. At
times, neighbours may stand in if the household
decision-maker is unavailable: “If family members have
gone out […] and the pregnant woman is home alone
and she starts getting pains, neighbours should get her to
the hospital” [ASHA].
Availability of transport

Communities in Karnataka reported awareness of ‘108’ the robust ambulance system available free of charge for
emergencies: “If we have to go to Bagalkot they provide
ambulance free of cost, previously it was not good, now it
is good” [community leader]. The challenges expressed
related to transport for routine care. Women may need
to hire private vehicles, but some villages do not have
access to these as backup and some families cannot afford this. The price of private transport varies depending
on the mode, time of day and distance, some state it can
be as little as 100 Rupees (equivalent to $1.50 USD) and
as high as 3,000 Rupees (equivalent to $47 USD). Many
respondents stated that at the community level, funds
are available for transport for those below the poverty
line. Aside from availability and cost, access was described to be further complicated by the terrain, with
narrow roads and villages at long distances from urban
centres. These were stated to be barriers to seeking
transport and care, particularly at night: “Nobody will be
there at night, in villages we don’t have access to transportation at night” [community leader].
Quality of services and providers

Most respondents stated they were satisfied with the
quality of services: “All are happy about the quality”
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[male decision-maker]. However, some complained
about the poor maintenance of facilities as a barrier.
Specific issues raised included lack of sufficient staffing
and inadequate infrastructure, such as unreliable power
and poor level of cleanliness: “We need more rooms, good
water, consistent electricity, and also tea and food should
be given” [woman of reproductive age]. Also, facilities
are reportedly short of the necessary medical equipment,
materials, lab services, blood, and medications.
The majority of participants stated that they had been
well treated by health care staff: “Our health care providers
speak nicely and they see us calmly and solve any doubt we
have, we are happy for that” [woman of reproductive age].
Previous experiences were mentioned as influencing a
woman’s service utilization in a subsequent pregnancy:
“Wherever they have faith, they will go; it is dependent on
their belief. They would have gone repeatedly before and
they have felt good at that time” [community leader]. Trust
and respect are essential qualities in a health care provider,
according to women of reproductive age. Obstetricians
themselves claim when women have trust in the doctor
they will come to facility.
Financial constraints

Respondents indicated that the costs of health care inhibit
women’s ability to access health care services: “Fear of cost
at facility makes them think twice” [ANM/staff nurse].
These costs are related to transport, medications, services,
lost wages, and food. Respondents reported that the cost
of delivery ranges from 500Rs (equivalent to $8 USD) up
to 100,000Rs (equivalent to $1,570 USD). The cost of delivery largely depends on the type of facility (government vs private) and the services provided (mode of
delivery and associated complications). The community may provide financial support to women in need
through women’s groups (Stree Shakti Sangh), Gram
Panchayat (local self-government), and government
programs. Those who qualify as below the poverty
line are provided these subsidies and additional benefits to encourage appropriate care-seeking.

Discussion
Several underlying factors have been identified to play
important roles in maternal health care seeking: autonomy, access to transport, quality of facilities, incentivebased programs and poverty. It has been shown that
women in rural areas present later in gestation which
matches these findings [5, 15]. Previous research has
shown that women’s autonomy (decision-making power
related to her own health, buying household items, going
to stay with family, and access to funds) is low in India
which influences utilization of ANC, delivery and postpartum examination [16, 17]. Similarly, this study
highlighted the influence of husbands and mothers-in-
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law in the decision to seek care. Many of the responses
elicited may reflect what should be done, and not the actual behaviour of women.
Health care providers and community members alike
claim there is routine use of antenatal care, though the
number of visits is sometimes insufficient. Nearly twothirds of women complete four antenatal visits, as recommended by the World Health Organization [1, 3, 18].
Two-thirds of women in Karnataka receive postnatal care
[15]; however, as is true globally, most postnatal care is
focussed on the neonate [19, 20] and the percent women
whom receive maternal care after delivery is unknown.
This may reflect a societal prioritization of caring for the
infant and family over the mother. Case studies indicate
that a lack transport is associated with maternal deaths in
Karnataka [7]. Health care facilities are reportedly inadequate in Karnataka, with health personnel vacancies up to 52 %, weak information systems, lack of
continuity of care, haphazard referral systems and distorted accountability mechanisms [7].
Efforts have been made to fill health service gaps with
substantial success through free transport to facility,
more community-based facilities, and financial subsidies.
Further progress is, however, needed to avoid delays and
ensure utilization of postpartum care.
As other studies have hypothesized the lack of sufficient progress on maternal mortality in India may be related to the strong emphasis on utilization of specific
health services, namely ANC attendance and institutional deliveries [7]. Emphasis must equally be placed on
other health services along the continuum of pregnancy
and postpartum as well as the barriers to their use.
As with any study there are a number of strengths and
limitations of this study and the methods used. The background of data collectors makes them well suited to conduct and record discussions in these communities;
however their prior interaction with some interviewees
may have led to altered responses. Participants may have
been inclined to respond more favourably or have been
hesitant to share concerns or faults. To minimize this social desirability bias, the study provided a clear explanation that all information is confidential, and would have
no impact on their health care services or employment.
The purposeful sampling approach may have resulted in a
skewed population as community members were recruited
through health staff and therefore those attending primary
health centres were more likely to be chosen for participation; nevertheless, this approach was necessary due to
budgetary and time constraints. Self-reported behaviours
are often less reliable, yet is a common approach to
obtaining information about health care utilization. Representation from many community and health system stakeholders provided a holistic view of these communities and
breadth of beliefs and practices. The use of an a priori
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framework for analysis is limited by the deductive nature
of the approach; however, inductive identification of
themes was also included to supplement this framework.
The responses elicited about use of maternity services are
consistent with larger survey data from the area and with
qualitative studies regarding the barriers to use of maternity care from other lower and middle income countries.

Conclusions
Significant barriers exist to timely maternity and postpartum care, particularly related to transport, perceived
quality of facilities, the cost of care, and the lack of recognition that a large proportion of maternal morbidity
and mortality occurs in the postpartum period. These
findings can be used for a number of purposes. Inadequacies were raised regarding quality of hospitals, these
problems have been identified on a broader scale [9] and
should be targeted by the health care system and administrators to encourage quality maternity care through
training, hiring of additional staff and improvements to
facility infrastructure. While maternity care use is nearly
universal, timely care for complications and educating
women and decision-makers about the importance of
quality antenatal early in pregnancy and postpartum care
should be targeted and strategies to overcome barriers
should be developed through awareness raising programs. Such strategies should be incorporated into future health care worker training, community
engagement activities, policy development and research.
Although this study did not elicit information regarding
disparities in utilization, others have found there is a
continued need to overcome the barriers to utilization of
maternity services among the most vulnerable groups,
including culturally appropriate messages to target and
engage them.

Page 64 of 97

interpretation of the data; in addition they provided final approvals. SD
provided critical intellectual input to manuscript development. UC, GK, UR,
AJ and CK oversaw all data acquisition and analysis, as well as involvement
in revision of the manuscript. All authors read and approved the final
manuscript.

Acknowledgements
This work is part of the University of British Columbia PRE-EMPT (Pre-eclampsia/
Eclampsia, Monitoring, Prevention and Treatment) initiative supported by the
Bill & Melinda Gates Foundation. We gratefully acknowledge contributions of
the Community Level Interventions for Pre-eclampsia (CLIP) India Feasibility
Working Group: Shashidhar Bannale, Beth Payne, Zulfiqar Bhutta, Laura Magee,
Chirag Kariya, Sharla Drebit, Sheela Naik, Sangmesh Rakkareddi, and Amit
Revankar. We also acknowledge the support of KLE University, JN Medical
College, SN Medical College, University of British Columbia, Government
of Karnataka, the district health administration of Belgaum and Bagalkot
Districts, the local medical officers, staff nurses, auxiliary nurse midwives,
accredited social health activists, and other health centre staff and community
leaders for their participation and their efforts in motivating community
participation. We thank the research office staff for assisting in data translation
and transcription. Finally, a special thanks to all the focus group and interview
participants.

Declarations
Publication charges for this supplement were funded by the University of
British Columbia PRE-EMPT (Pre-eclampsia/Eclampsia, Monitoring, Prevention
and Treatment) initiative supported by the Bill & Melinda Gates Foundation.
This article has been published as part of Reproductive Health Volume 13
Supplement 1, 2016: Community insights from four low- and middle-income
countries into normal and complicated pregnancies. The full contents of the
supplement are available online at http://reproductive-health-journal.biomed
central.com/articles/supplements/volume-13-supplement-1.
Author details
1
Department of Obstetrics and Gynaecology, and the Child and Family
Research Unit, University of British Columbia, Vancouver, BC, Canada.
2
Department of Community Medicine, S Nijalingappa Medical College,
Bagalkot, Karnataka, India. 3KLE University’s Jawaharlal Nehru Medical College,
Belgaum, Karnataka, India. 4Department of Obstetrics and Gynaecology, S
Nijalingappa Medical College, Bagalkot, Karnataka, India. 5Division of Women
and Child Health, Aga Khan University, Karachi, Sindh, Pakistan. 6Department
of Family Practice, Faculty of Medicine, University of British Columbia,
Vancouver, BC, Canada. 7Department of Obstetrics, Christiana Care, Newark,
DE, USA.
Published: 8 June 2016

Peer review

Peer review reports for this article can be found in
Additional file 1.

Additional file
Additional file 1: Peer review reports. (PDF 1014 kb)
Abbreviations
ANC: Antenatal care; ANM: Auxiliary Nurse Midwives; ASHA: Accredited Social
Health Activists; JNMC: Jawaharlal Nehru Medical College; NRHM: National
Rural Health Mission; SNMC: S Nijalingappa Medical College; TBA: traditional
birth attendant; UBC: University of British Columbia.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
MV drafted the manuscript and conducted qualitative analysis. DS and RQ
contributed to the conception and design of the study. PvD, SG, MB, RD,
and AM provided critically important revision of the manuscript and

References
1. Kassebaum N, Bertozzi-Villa A, Coggeshall M, Shackelford K, Steiner C,
Heuton K, et al. Akademin Hälsa och samhälle, Medicinsk vetenskap and
Högskolan Dalarna. Global, regional, and national levels and causes of
maternal mortality during, 1990-2013: A systematic analysis for the global
burden of disease study 2013. Lancet. 2014;384(9947):980–1004. doi:10.1016/
S0140-6736(14)60696-6.
2. Adamson PC, Krupp K, Niranjankumar B, Freeman AH, Khan M, Madhivanan P.
Are marginalized women being left behind? A population-based study of
institutional deliveries in karnataka, india. BMC Public Health. 2012;12(1):30–0.
doi:10.1186/1471-2458-12-30. 2012.
3. Goudar SS, Goco N, Somannavar MS, Vernekar SS, Mallapur AA, Moore JL,
Wallace DD, Sloan NL, Patel A, Hibberd PL, Koso-Thomas M. Institutional
deliveries and perinatal and neonatal mortality in Southern and Central
India. Reproductive Health. 2015:12(Suppl 2):S13.
4. Navaneetham K, Dharmalingam A. Utilization of maternal health care
services in Southern India. Soc Sci Med. 2002;55:1849–69.
5. Srivastava A, Mahmood S, Mishra P, Shrotriya V. Correlates of maternal
health care utilization in Rohilkhand Region, India. Ann Med Health Sci Res.
2014;4(3):417. doi:10.4103/2141-9248.133471.
6. Bhatia JC, Cleland J. Determinants of maternal care in a region of south
india. Health Transition Rev. 1995;5(2):127–42.

Vidler et al. Reproductive Health 2016, 13(Suppl 1):37

7.

8.

9.

10.

11.
12.

13.
14.

15.
16.
17.

18.
19.

20.

Page 65 of 97

Bloom SS, Wypij D, Gupta MD. Dimensions of women’s autonomy and the
influence on maternal health care utilization in a North Indian City.
Demography. 2001;38(1):67–78. doi:10.1353/dem.2001.0001.
George A. Persistence of high maternal mortality in koppal district,
karnataka, india: Observed service delivery constraints. Reprod Health
Matters. 2007;15(30):91–102. doi:10.1016/S0968-8080(07)30318-2.
Kumar C, Singh PK, Rai RK. Coverage gap in maternal and child health
services in India: assessing trends and regional deprivation during 19922006. J Public Health. 2013;35(4):598.
Pasha O, McClure E, Wright L, Saleem S, Goudar S, Chomba E, et al. A
combined community- and facility-based approach to improve pregnancy
outcomes in low-resource settings: a global network cluster randomized
trial. BMC Med. 2013;11:215. doi:10.1186/1741-7015-11-215.
Thaddeus S, Maine D. Too far to walk: Maternal mortality in context. Soc Sci
Med. 1994;38(8):1091–110. doi:10.1016/0277-9536(94)90226-7.
Bustreo F, Say L, Koblinsky M, Pullum T, Temmerman M, Pablos-Mendez A.
Ending preventable maternal deaths: The time is now. Lancet Global Health.
2013;1(4):E176–7. doi:10.1016/S2214-109X(13)70059-7.
Smith SL. Political contexts and maternal health policy: Insights from a
comparison of south Indian states. Soc Sci Med. 2014;100:46–53.
von Dadelszen P, Magee MA, Payne BA, Bhutta Z. The CLIP (CommunityLevel Interventions for Pre-eclampsia) cluster randomized controlled trial.
The Lancet. In Press.
World Health Organization. Trends in Maternal Mortality: 1990 to 2013. 2014
[in press].
World Health Organization. WHO technical consultation on postpartum and
postnatal care. 2010.
Mistry R, Galal O, Lu M. Women’s autonomy and pregnancy care in rural
india: a contextual analysis. Soc Sci Med. 2009;69(6):926–33. doi:10.1016/j.
socscimed.2009.07.008.
Li XF, Fortney JA, Kotelchuck M, Glover LH. The postpartum period: the key
to maternal mortality. Int J Gynecol Obstetr. 1996;54(1):1–0.
International Institute for Population Sciences (IIPS) and Macro International.
National Family Health Survey (NFHS-3), 2005–06: India. Int Institute Populat
Sci. 2007;1:195.
Li X, Fortney J, Kotelchuck M, Glover L. The postpartum period: the key to
maternal mortality. Int J Gynecol Obstetr. 1996;54.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

Vidler et al. Reproductive Health 2016, 13(Suppl 1):35
DOI 10.1186/s12978-016-0137-9

RESEARCH

Open Access

Community perceptions of pre-eclampsia in
rural Karnataka State, India: a qualitative
study
Marianne Vidler1*, Umesh Charantimath2, Geetanjali Katageri3, Umesh Ramadurg4, Chandrashekhar Karadiguddi2,
Diane Sawchuck1, Rahat Qureshi5, Shafik Dharamsi6, Peter von Dadelszen1, Richard Derman7, Shivaprasad Goudar2,
Ashalata Mallapur3, Mrutyunjaya Bellad2 and for the Community Level Interventions for Pre-eclampsia (CLIP) India
Feasibility Working Group

Abstract
Background: Maternal deaths have been attributed in large part to delays in recognition of illness, timely transport
to facility, and timely treatment once there. As community perceptions of pregnancy and their complications are
critical to averting maternal morbidity and mortality, this study sought to contribute to the literature and explore
community-based understandings of pre-eclampsia and eclampsia.
Methods: The study was conducted in rural Karnataka State, India, in 2012–2013. Fourteen focus groups were held
with the following community stakeholders: three with community leaders (n = 27), two with male decision-makers
(n = 19), three with female decision-makers (n = 41), and six with reproductive age women (n = 132). Focus groups
were facilitated by local researchers with clinical and research expertise. Discussions were audio-recorded, transcribed
verbatim and translated to English for thematic analysis using NVivo 10.
Results: Terminology exists in the local language (Kannada) to describe convulsions and hypertension, but there were
no terms that are specific to pregnancy. Community participants perceived stress, tension and poor diet to be
precipitants of hypertension in pregnancy. Seizures in pregnancy were thought to be brought on by anaemia,
poor medical adherence, lack of tetanus toxoid immunization, and exposure in pregnancy to fire or water.
Sweating, fatigue, dizziness-unsteadiness, swelling, and irritability were perceived to be signs of hypertension,
which was recognized to have the potential to lead to eclampsia or death. Home remedies, such as providing the
smell of onion, placing an iron object in the hands, or squeezing the fingers and toes, were all used regularly to treat
seizures prior to accessing facility-based care although transport is not delayed.
Conclusions: It is evident that ‘pre-eclampsia’ and ‘eclampsia’ are not well-known; instead hypertension and seizures
are perceived as conditions that may occur during or outside pregnancy. Improving community knowledge about, and
modifying attitudes towards, hypertension in pregnancy and its complications (including eclampsia) has the potential
to address community-based delays in disease recognition and delays in treatment that contribute to maternal and
perinatal morbidity and mortality. Advocacy and educational initiatives should be designed to target knowledge gaps
and potentially harmful practices, and respond to cultural understandings of disease.
Trial registration: NCT01911494
Keywords: Perception, Culture, Seizures, Rural population, Pregnancy, Pre-eclampsia, Traditional, medicine,
Hypertension, India, Attitude, Eclampsia
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Background
Reduction of maternal and perinatal mortality is a global
priority, particularly in low-and-middle-income countries (LMICs) where more than 99 % of these deaths
occur. Increasingly, it is recognized that for every
woman who dies, up to 25 others suffer a potential lifechanging morbidity [1].
India accounts for 17 % of all maternal deaths
worldwide [2]. Since 2004, efforts to lower maternal
mortality, such as the National Rural Health Mission
(NRHM) [3], have had some success. The latest estimated maternal mortality ratio (MMR) of India is
190- 282/100,000 live births but there is regional variation; the MMR in Karnataka state is below the national average at 144/100,000 live births [4, 5], but it
is still the highest in South India. Also, the current
MMR has not reached the global Millennium Development Goal 5 of a ¾ reduction in maternal mortality, equivalent to 109/100,000 live births in India [6].
The hypertensive disorders of pregnancy (HDPs) are
responsible for ~14 % of all maternal deaths, with little
change in rates in recent years [7]. The most dangerous
of the HDPs, pre-eclampsia, is typically defined as the
onset of new hypertension with significant proteinuria in
pregnancy [8].
While management of pre-eclampsia involves the use
of antihypertensive therapy to control blood pressure
and steroids to accelerate fetal pulmonary maturity at
gestational ages before 34 weeks, the only effective cure
is delivery of the placenta [9]. Even then, the disease can
worsen, or appear for the first time, postpartum. Although the disease can affect almost any organ in the
body, involvement of the brain with seizures, known as
eclampsia, poses particular risk for mother and baby.
Maternal deaths and complications in pre-eclampsia
(and in general) have been attributed in large part to
delays in recognition of illness and in timely transport
to facilities for treatment [10]. As such, community perceptions of pre-eclampsia and eclampsia are critical to
averting maternal morbidity and mortality. The limited
literature suggests widespread misconceptions globally
regarding presentation, cause, and appropriate treatment of pre-eclampsia [11]. Most research has focused
on women’s perceptions without exploring those of
other key decision-makers. For example, in Karnataka
State, India, only 13 % of pregnant women had accurate
knowledge about pre-eclampsia [12]. Also, in a systematic review of maternal health interventions in resource
limited countries, only 37 % of programmes included
community-based education and communication [13].
As part of the feasibility work for the Community Level
Interventions for Pre-eclampsia (CLIP) (NCT01911494)
cluster randomised controlled trial [14], community perceptions of pre-eclampsia and eclampsia in Karnataka
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State, India were explored. This study aimed to inform implementation of the CLIP intervention, as
well as to inform researchers, program managers,
health care providers and policy makers about how
best to address delays in triage, transport and treatment of women with pre-eclampsia and eclampsia.

Methods
Study area

This study was conducted in Belgaum and Bagalkot
Districts of Karnataka, in South India (Fig. 1). Social
and health indicators of Karnataka are generally lagging
compared with other southern Indian States. This gap
is explained by fragmentation of the social, political and
administrative structure, prevailing mismanagement,
and a lack of state commitment and leadership regarding maternal health [3, 15]. Karnataka shares similar
cultural practices with other Indian states, including a
strong culture of patriarchy, limited decision-making
power for women, early age of marriage, and high fertility rates. The health care infrastructure is often inadequate, particularly in rural areas where access to
timely health services is a challenge. For additional
study site characteristics see Table 1.
Data collection

Data were collected as part of a larger study aimed at
assessing the feasibility of implementing a communitybased treatment package for pre-eclampsia by community health care workers (NCT01911494) [14]. A detailed
description of the methods has been published [16].
In brief, focus group discussions were conducted to
elucidate community views from: community leaders,
male and female decision-makers, and women of reproductive age. These groups were chosen as influential
members of the community and family, particularly
regarding health knowledge and decision-making.
Mothers, mothers-in-law and husbands are typically responsible for household decisions and are influential in
the beliefs and practices adopted by other household
members. Male and female decision-makers were
approached for participation when they accompanied
women of reproductive age to the health centre. Focus
group discussions were conducted with each stakeholder group separately at primary health centres, between January and March 2013. Discussions were in the
local language, Kannada, to best promote interaction
between community members. A semi-structured guide
was used for all discussions, this approach allowed interviewers to tailor questions and probes as needed for
differing groups; open-ended questions promoted free
and open discussion among participants. The discussion guide was developed to meet the objectives of this
study and had been created to fit the cultural context

Vidler et al. Reproductive Health 2016, 13(Suppl 1):35

Page 47 of 97

Fig. 1 Map of study sites, Karnataka State, India

of South India. Focus group leaders had backgrounds
in public health, community medicine or obstetrics.
These professional and educational backgrounds made
facilitators well-equipped for discussions on this topic,
all also underwent study-specific training regarding
qualitative data collection. Further meetings were to
be scheduled thereafter if data saturation was not reached.
All discussion notes and audio recordings were
transcribed verbatim and translated to English for
analysis using NVivo 10. Coding was done by one researcher (MV), after which all coded transcripts and
thematic associations were cross-checked by the local
research team to resolve any discrepancies and reach
consensus. Using deductive reasoning, results were
grouped into predetermined categories of key themes
related to community perceptions of pre-eclampsia
(Fig. 2). Inductive reasoning was used to incorporate
new and unexpected ideas. This produced a comprehensive analysis structure to reflect the richness and
variety of responses. A priori, the following thematic
categories were to be explored for pre-eclampsia: local

terminology, perceived cause, warning (‘danger’) signs,
perceived consequences, and traditional treatments.
This study was approved by ethics review committees
at the University of British Columbia, Vancouver Canada
(H12-00132) and KLE University, Belgaum India (MDC/
IECHSR/2011-12).

Results
There were 14 focus group discussions with 219 individuals: community leaders (3 groups, 27 participants),
male decision-makers (2 groups, 19 individuals), female
decision-makers (3 groups, 41 individuals), and women
of reproductive age (6 groups, 132 individuals). The age
of participants ranged from 18 to 65 years, and occupation was generally “agricultural or domestic labour”.
There were diverse educational backgrounds, some
with no formal schooling, particularly in groups of female decision-makers and women of reproductive age,
and several with University completion. Most women
of reproductive age who participated were pregnant at
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Table 1 Study site characteristics
India Characteristics
Population

1,210,193,444

2

Size (Km )

3,287,590

Number of states

28

Number of union territories

7

Predominant language

Hindi

Predominant religion

Hindu

Literacy rate of women 15–49 years

55 %

Karnataka State Characteristics
Population

61,130,704

2

Size (Km )

191,791

Number of districts

30

Predominant language

Kannada

Predominant religion

Hindu

Literacy rate of women 15–49 years

60 %

86,470

Cumulative size (Km2)

608

Number of clusters sampled

4

Number of villages

34

(International Institute for Population Sciences and Macro International, 2007)

the time (79 %), and over half had at least one child
under the age of 5 (66 %) (Table 2).
Local terminology

Hypertension in pregnancy was referred to as ‘BP’
(blood pressure) in all stakeholder groups. In contrast,
there were several terms used to describe convulsions

Traditional
Treatments

Perceived
Consequences

Fig. 2 Thematic analysis categories

“If blood pressure is high only then fits will occur”
[community leader]
Perceived causes

Site Characteristics
Cumulative population

in pregnancy or eclampsia (Table 3). Most commonly
eclampsia was described as ‘jhataka’ or ‘fits’. Other
terms used were ‘lakawa’ and ‘ardhangi’ (meaning
paralysis) or ‘nanju agide’ (meaning infection).
The community members had little understanding
of pre-eclampsia or eclampsia as pregnancy complications. Eclampsia was often not differentiated from
general convulsive disorders. Some respondents believed pre-eclampsia and eclampsia were related while
others were unsure or did not believe this. However,
even those who recognized this relationship often did
not know the mechanism or direction of the association.

The vast majority of respondents stated that hypertension in pregnancy was due to diet and tension or
stress, particularly related to marital conflict or concerns that the fetus may be female. Poor diet was described as those high in salt or sugar and with excess
fried and oily foods. Some felt hypertension in pregnancy had medical origins, while others believed the
causes to be socio-economic and cultural (Table 4).
By and large respondents expressed similar understandings of the causes of pre-eclampsia, however, it
should be noted that male-decision makers provided
the fewest responses, likely related to their lack of familiarity with the condition.
“Those who worry more about their family they will
have more BP” [female decision-maker]

Local
Terminology

Community
Perceptions of
Pre-eclampsia

Perceived
Causes

Danger
Signs
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Table 2 Focus group characteristics
Number N participants Age (yr)
Occupation
Child <5 years Pregnant
Median [range] 1 Housewife
2 Labourer
3 Employee
4 Self-employed
5 Other

Education
1 No formal schooling, cannot
read or write
2 No formal schooling, can read
and write
3 Primary school incomplete
4 Primary school complete
5 Secondary school incomplete
6 Secondary school complete
7 Pre-university incomplete
8 Pre-university complete
9 University incomplete
10 University complete
11 Postgraduate
12 Don’t know

Relationship to woman
1 Husband
2 Father
3 Father-in-law
4 Mother-in-law
5 Mother
6 Other

Community Leaders
1

7

36[31,48]

1 = (N = 1)
2 = (N = 6)

Not asked

Not asked

1 = (N = 1)
6 = (N = 1)
8 = (N = 2)
10 = (N = 3)

Not asked

2

10

36[24,51]

1 = (N = 3)
4 = (N = 3)
5 = (N = 4)

Not asked

Not asked

1 = (N = 1)
3 = (N = 1)
4 = (N = 1)
5 = (N = 1)
6 = (N = 3)
8 = (N = 1)
9 = (N = 1)
10 = (N = 1)

Not asked

3

10

Not known

Not known

Not asked

Not asked

Not known

Not asked

Male Decision-Makers
1

8

26[18,57]

2 = (N = 4)
3 = (N = 1)
4 = (N = 1)
5 = (N = 2)

Not Applicable Not Applicable 1 = (N = 4)
3 = (N = 2)
6 = (N = 2)

1 = (N = 4)
3 = (N = 2)
6 = (N = 2)

2

11

49[33,59]

3 = (N = 2)
5 = (N = 9)

Not Applicable Not Applicable 3 = (N = 4)
5 = (N = 1)
6 = (N = 1)
10 = (N = 1)
12 = (N = 4)

2 = (N = 4)
3 = (N = 3)
6 = (N = 4)

Female Decision-Makers
1

10

45[30,60]

1 = (N = 9)
2 = (N = 1)

Not Applicable Not Applicable 1 = (N = 8)
4 = (N = 2)

4 = (N = 6)
5 = (N = 2)
6 = (N = 2)

2

18

45[28,65]

1 = (N = 5)
3 = (N = 1)
4 = (N = 1)
5 = (N = 11)

Not Applicable Not Applicable 1 = (N = 3)
2 = (N = 1)
3 = (N = 1)
12 = (N = 13)

Not Known

3

13

48[30,65]

1 = (N = 13)

Not Applicable Not Applicable 3 = (N = 1)
5 = (N = 1)
12 = (N = 11)

4 = (N = 7)
5 = (N = 1)
6 (N = 5)

Women of Reproductive Age
1

55

Not Known

Not Known

Not Known

Not Known

Not Known

Not Known

2

16

25[20,30]

1 = (N = 16)

56 %

75 %

3 = (N = 3)
4 = (N = 1)
5 = (N = 1)
6 = (N = 2)
8 = (N = 2)
10 = (N = 1)
12 = (N = 6)

Not Applicable
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Table 2 Focus group characteristics (Continued)
3

14

23[18,30]

1 = (N = 9)
2 = (N = 5)

36 %

86 %

1 = (N = 3)
3 = (N = 3)
4 = (N = 1)
5 = (N = 1)
6 = (N = 3)
8 = (N = 2)
10 = (N = 1)

Not Applicable

4

17

Not Known

1 = (N = 17)

88 %

100 %

Not Known

Not Applicable

5

14

22[18,58]

1 = (N = 12)
3 = (N = 2)

71 %

50 %

3 = (N = 3)
5 = (N = 3)
6 = (N = 3)
10 = (N = 2)
12 = (N = 3)

Not Applicable

6

16

20[19, 26]

1 = (N = 16)

69 %

63 %

3 = (N = 7)
4 = (N = 4)
5 = (N = 1)
6 = (N = 3)
8 = (N = 1)

Not Applicable

“If they have disturbed food habits…like eating less or
not eating properly or eating only limited food then
they may have weakness and that may cause BP”
[woman of reproductive age]
Some gave similar responses for eclampsia; however,
anaemia, poor medical adherence, not being immunized
against tetanus, and exposure to fire or water in pregnancy were also commonly mentioned. It was described
that a lack of regular antenatal attendance and adherence to medical advice and treatment could result in seizures in pregnancy (Table 4).
“If they go near water …then they will get fits” [woman
of reproductive age]
Danger signs

The most commonly reported signs or symptoms of preeclampsia were sweating, fatigue, dizziness-unsteadiness,
swelling, anger, and talking too much. Respondents had a
more challenging time explaining the danger signs of
eclampsia, and often stated signs associated with active
convulsions: frothing, shaking, eyes rolling upwards,
clenching teeth, and tongue biting.
“I witnessed one woman having fits, I saw that woman
in hospital having labour pains and suddenly she had
fits. Her hand, leg and body started shaking, became

Table 3 Local terms for ‘eclampsia’
Local terms for ‘eclampsia’
JhatakaZataka

Moorcha rogaMala roga

Lakawa

Pepri

Nanju agide

Ghali shaka

Fits

ShatibyaniSete bene

Ardhangi

stiff, she bit her tongue, her eyeballs rolled up” [male
decision-maker]
Perceived consequences

The most serious and most commonly cited consequences of hypertension or seizures in pregnancy were
death of the mother and/or infant. Preterm delivery was
also often mentioned. Concerns were raised about the
need for Caesarean deliveries by women of reproductive
age, which was felt to be highly undesirable. Seizures
and heart-related problems were thought to be consequences of pre-eclampsia. Many participants from all
groups professed ignorance about the consequences of
eclampsia (Table 5).
“High BP can endanger the life of a woman; it may
lead to death of a woman which in turn is a problem
for us” [female decision-maker]
There were differences of opinions regarding the severity of pre-eclampsia and eclampsia, nevertheless
many felt these conditions could be fatal.
Traditional treatments

Neither traditional nor home-based remedies were reported for treating hypertension in pregnancy, although
a few participants recommended restricting dietary salt.
Various home remedies were reported in all focus group
discussions for seizures in pregnancy, either during or
immediately following a seizure, including providing the
‘smell of an onion’, placing an iron object or keys in the
hand, and squeezing or rubbing the fingers and toes.
Many also recommended that an object should be
placed between a woman’s teeth to avoid biting her
tongue. It was noted that the described practices typically do not prevent or delay transfer to hospital.
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Table 4 Perceived causes of ‘pre-eclampsia’ and ‘eclampsia’
Causes of ‘pre-eclampsia’ Malnutrition

Martial problems

Changes in body system

Causes of ‘eclampsia’

Stress

Tension

Medication side-effect Poor adherence to medication Lack of regular check-ups

Lack of physical activity

Short temper

Poverty

Poor diet

Home remedies

Reduced blood

Lack of water

Worries related to sex of baby

Family problems

Anaemia

Anaemia

Lack of energy

Hereditary

Blood pressure

Poor adherence to medication

Malnutrition

Exposure to fire, water or heat Lack of regular check-ups

Lack of Tetanus Toxoid vaccination Tension

Child marriage

Exposure to cold

Fear

“For the time being, we should give any iron object in
her hand and then we should take her to hospital”
[woman of reproductive age]

Discussion
There was very limited understanding of pre-eclampsia
and eclampsia in these communities. In the two Districts
of rural Karnataka, eclampsia was not differentiated
from other convulsive disorders. Most did not realize
pre-eclampsia and eclampsia are related, and those who
did recognize this relationship often did not know its
aetiology or that eclampsia progresses from preeclampsia. Local terms exist for hypertension and
Table 5 Outcomes for pre-eclampsia and eclampsia

Pre-eclampsia

Outcomes affecting
the mother

Outcomes affecting
the infant

Mental imbalance

Stress

Heart complications

Meconium aspiration

Delivery complications

Delayed delivery

Delayed delivery

Death

Miscarriage

Stunted growth

Bleeding
Death
Damage to the uterus
Weakness
Anaemia
Seizures
Coma
Falls
Fatigue
Paralysis
Brain tumours
Swelling
Eclampsia

Death

Death

Miscarriage

Injury

Injury

convulsions, some of which accurately, and others of
which inaccurately, describe these conditions. Significant
knowledge gaps were evident, particularly regarding
warning signs, causes, and outcomes. No traditional
remedies were reported for pre-eclampsia; however,
there are a number of home-based remedies given to
women who experience seizures in pregnancy.
The finding, that women had limited knowledge of preeclampsia and the associated signs and symptoms, is consistent with results from Nigeria and Pakistan [16–18].
Other studies, however, have found greater awareness of
the condition [11, 19–21]. Attitudes expressed by participants regarding the cause of pre-eclampsia reflect the cultural dynamics with prevalent worry of giving birth to a
female child. Pre-eclampsia was linked to exposure to fire
or water, a myth that prevailed among many of the participants in the study. Similar to our study, in Nigeria and
Brazil, pre-eclampsia was attributed to mental stress or
diet, though they also attributed the condition to heredity
[11, 22]. El-Nafty & Omotara [19] found four common explanations for causes of eclampsia in Nigeria: supernatural
causes, malnutrition, heredity, and early age of marriage.
In Bangladesh, community members thought eclampsia
was due to exposure to a cold environment, physical
weakness from malnutrition, hypertension, lack of tetanus
immunization, and supernatural causes [20]. Our study
findings are also consistent with other study results
wherein communities perceive hypertensive disorders of
pregnancy to be serious and potentially harmful conditions [20–23]. This high level or perceived severity is likely
to influence health care seeking as described by the health
belief model and these findings [24].
This study was conducted with a high degree of rigour
in close collaboration with local and international experts
and with guidance from an international consortium of
advisors. These findings represent a comprehensive view
of the community’s beliefs and practices due to participation with various stakeholders. The study procedures, including training of facilitators, careful translation of
guides, and expert guidance all contribute to the strengths
of the study.
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As many participants were identified through primary
health centre networks, women who did not interact with
the health system may have been less likely to be included
in the sample. The non-probabilistic sampling of this
study inhibits the ability generalize findings, as indicated
by the consistencies and inconsistencies of our findings
with other studies as previously described. The results are
further limited by the translation from Kannada to English
for analysis, through which some of its meaning may have
been lost. Although researchers were not providing direct
clinical care to any of the participants, their dual role as
researchers and clinicians may have introduced some bias
and made participants more likely to respond favourably.
Sensitive topics for discussion may have received less open
discussion. While those conducting and facilitating the
discussions were trained to garner equal input from all,
focus group dynamics may have enhanced or hindered
dialogue by some members.
Given that this study has identified knowledge gaps,
there is a need to increase awareness of, and dispel
common myths and misconceptions related to, the
HDPs. Education and community engagement initiatives can assist women and communities to recognize
the causes, risk factors, and warning signs associated
with pre-eclampsia and eclampsia. Health professionals
should facilitate dialogue with pregnant women and
families in ways that will correct misinterpretations of
the disease. To date, much of the education delivered
through maternal and child health initiatives have targeted health facilities with limited evidence of the effectiveness [25]. Community-based education of diverse
groups can reach a wider population. There is mounting evidence of the effectiveness of community and
women’s groups to improve health outcomes [26, 27].
These types of approaches would strengthen the
current efforts and mandate of the NRHM which aims
at improving maternal and child health particularly for
vulnerable populations in rural areas.

Conclusions
Study results clearly indicate a need for further education of the community, moving from a narrow biomedical focus and incorporating the diverse cultural and
social factors. Such an approach may positively influence knowledge and practice regarding pre-eclampsia
and eclampsia. Greater community education on preeclampsia is necessary to achieve effective implementation of research and programmatic initiatives to improve morbidity and mortality.
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Abstract
Background: Whether facility-based implementation of Helping Babies Breathe (HBB) reduces neonatal mortality at
a population level in low and middle income countries (LMIC) has not been studied. Therefore, we evaluated HBB
implementation in this context where our study team has ongoing prospective outcome data on all pregnancies
regardless of place of delivery.
Methods: We compared outcomes of birth cohorts in three sites in India and Kenya pre-post implementation of a
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Conclusions: Rapid scale up of HBB training of facility birth attendants in three diverse sites in India and
Kenya was not associated with consistent improvements in mortality among all neonates ≥1500 g;
however, differential improvements in <2500 g survival in Belgaum suggest the need for careful
implementation of HBB training with attention to the target population, data collection, and ongoing
quality monitoring activities.
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Background
Helping Babies Breathe, a modification of the Neonatal
Resuscitation Program specifically designed for low resource settings, focuses on establishing breathing during
the “Golden Minute” after birth by immediately drying/
stimulating the baby to initiate spontaneous respiration,
followed by bag and mask ventilation, as needed [1]. It
has been shown to be effective in several low and middle
income countries LMIC in reducing early neonatal
deaths for infants born in health facilities [2, 3]. However, in many such countries, a large percentage of
infants are born outside of health facilities. It is not known
what effect an HBB program would have on overall
neonatal mortality of the population in diverse settings,
including those with large numbers of home births.
A major emphasis of the World Health Organization
has been to encourage women to choose to deliver in a
health facility with a skilled birth attendant (BA) [4].
The reasons women choose to deliver at home rather
than in hospitals are multifactorial and complex; however, a recurring theme is mistrust of the health care
system and lack of confidence that a facility birth will
result in a better outcome than a home birth [5–7].
It is unknown whether facility based interventions,
such as HBB, will reduce neonatal mortality at a population level in LMIC with large numbers of home births.
We therefore chose to evaluate HBB in one African site
and two Indian sites where our study team has ongoing
prospective outcome data on all pregnancies regardless
of place of delivery. In Kenya, home births account for
approximately 50 % of total births, while in India most
women now deliver in hospitals [8]. The primary outcome was perinatal mortality, defined in our study as
the sum of all fresh, non-macerated stillbirths and early
(<24 h of age) neonatal deaths within defined geographic
areas, regardless of place of delivery. The rationale for
this study design was 1). To test the possibility that by
improving the care infants receive in facilities, an
increased number of expectant mothers would choose to
deliver in facilities, and 2). To demonstrate a reduction
in overall neonatal mortality at the population level. If
achieved, these would have a large impact on public
health and hence be likely to be implemented by the
health care system following the study.
The present study is the first to use a large Asian and
sub-Saharan African sample, a common design, training
model, resuscitation equipment, educational materials,
and monitoring activities to evaluate whether HBB may
have a major impact on perinatal mortality, improve implementation, and guide future policy and investment as
we move toward Sustainable Development Goals [9].
The objective of this study was to assess the impact of
implementing a package of HBB interventions and monitoring in select health facilities representing a large
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proportion of site facility births on the PMR of all registry births in Indian and Kenyan sites.

Methods
Study sites and population

The detailed study methods published elsewhere [8, 10–12]
are summarized below. This pre-post study was conducted
in three research sites of the Eunice Kennedy Shriver
National Institute of Child Health and Human Development Global Network for Women’s and Children’s Health
Research (GN). The sites included semi-urban and rural
communities in Belgaum and Nagpur, India, and rural
communities in western Kenya. The GN's Maternal and
Newborn Health Registry (registry) was established in 2008.
It is a prospective, population-based registry of all pregnancy and neonatal outcomes through 42 days postpartum
in 52 clusters (defined geographic catchment areas) with
300–500 annual births. Inclusion criteria included facilities
that provided delivery services 24 h per day/7 days per
week and represented a significant proportion of the births
in Belgaum (47 %), Nagpur (44 %), and western Kenya
(38 %). Belgaum’s participating health facilities included 19
primary level (no caesarean [c]-section), 12 secondary
(c-section staff on call), and 2 tertiary (c-section staff in
hospital 24 h/day) facilities; Nagpur had 2 primary, 4
secondary, and 9 tertiary facilities; Kenya had 18 primary
and 5 secondary facilities (Table 1).
Procedures and intervention

All facilities and Master Trainers received HBB training
materials and equipment (Laerdal NeoNatalie® equipment and materials and clean delivery kits) based on delivery volume. The American Academy of Pediatrics
HBB core staff identified best HBB training practices,
assisted in developing two tiers of training workshops,
and co-led the initial Master Trainer (MT) workshops.
The initial single-country MT courses provided intense,
hands-on training to provide at least one MT per facility
in order to preserve the integrity of the intervention and
expedite startup. The newly-trained MTs then conducted
multiple facility-level BA team trainings with standard
HBB knowledge and skills evaluation before and after
the initial and refresher training courses approximately
6 months later, using the same interactive format with a
maximum ratio of 6 BAs per MT. Staff turnover was
addressed by providing HBB training to each new BA.
The monitoring activities included direct supervision,
team building and accountability measures to maintain
standardized delivery room records; daily checks of equipment availability and cleanliness, daily “low dose/high
frequency” [13] bag and mask ventilation practice; resuscitation debriefings and death audits; observation of deliveries or HBB skills (using a neonatal simulator if no
deliveries were available) during regular and unannounced
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Table 1 Demographic and clinical characteristics of all registry births ≥1500 g pre-post HBB intervention
Kenya

Nagpur, India

Belgaum, India

Total

Pre

Post

Pre

Post

Pre

Post

Pre

Post

8875

8394

9461

9721

16,992

16,715

35,328

34,830

Hospital

1203 (13.6)

1296 (15.4)

6323 (66.8)

6995 (72.0)

12,501 (73.6)

11,931 (71.4)

20,027 (56.7)

20,222 (58.1)

Clinic

2514 (28.3)

2791 (33.2)

2966 (31.4)

2638 (27.1)

3708 (21.8)

4098 (24.5)

9188 (26.0)

9527 (27.4)

Home/Other

5158 (58.1)

4307 (51.3)

170 (1.8)

88 (0.9)

783 (4.6)

686 (4.1)

6111 (17.3)

5081 (14.6)

a

Registry deliveries , n
Birth location, n (%)

Birth attendant, n (%)
Physician

209 (2.4)

203 (2.4)

5701 (60.3)

6289 (64.7)

10,446 (61.5)

10,149 (60.7)

16,356 (46.3)

16,641 (47.8)

Nurse/midwife

3617 (40.8)

3929 (46.8)

3597 (38.0)

3355 (34.5)

5838 (34.4)

5973 (35.7)

13,052 (36.9)

13,257 (38.1)

TBA

3930 (44.3)

3154 (37.6)

110 (1.2)

45 (0.5)

225 (1.3)

159 (1.0)

4265 (12.1)

3358 (9.6)

Family/unattended

1119 (12.6)

1108 (13.2)

53 (0.6)

32 (0.3)

483 (2.8)

434 (2.6)

1655 (4.7)

1574 (4.5)

249 (2.8)

228 (2.7)

262 (2.8)

259 (2.7)

3091 (18.3)

2460 (14.7)

3602 (10.2)

2947 (8.5)

Maternal education, n (%)
No formal schooling
Primary

6174 (69.6)

5690 (68.4)

1575 (16.7)

1636 (16.9)

5300 (31.3)

5207 (31.2)

13,049 (37.0)

12,533 (36.0)

Secondary

2071 (23.3)

2019 (24.3)

5705 (60.4)

5669 (58.5)

6786 (40.1)

7005 (41.2)

14,562 (41.0)

14,693 (42.0)

University +

378 (4.3)

376 (4.5)

1899 (20.1)

2129 (22.0)

1730 (10.2)

2022 (12.1)

4007 (11.4)

4527 (13.0)

3650 (10.5)

Maternal age, n (%)
< 20

1933 (21.8)

1884 (22.7)

189 (2.0)

182 (1.9)

1650 (9.7)

1584 (9.5)

3772 (10.7)

20–35

6595 (74.3)

6083 (73.2)

9226 (97.6)

9494 (97.8)

15,318 (90.1)

15,101 (90.3)

31,139 (88.2)

30,678 (88.3)

> 35

343 (3.9)

345 (4.1)

35 (0.37)

31 (0.32)

23 (0.14)

30 (0.18)

401 (1.1)

406 (1.2)

Paritya, n (%)
0

2263 (25.5)

2232 (26.6)

4519 (47.8)

4568 (47.0)

7208 (43.5)

7253 (43.4)

13,990 (40.1)

14,053 (40.4)

1–2

3550 (40.0)

3269 (39.0)

4703 (49.7)

4892 (50.3)

8305 (50.1)

8486 (50.8)

16,558 (47.5)

16,647 (47.8)

>2

4110 (11.8)

3056 (34.5)

2883 (34.4)

236 (2.5)

258 (2.7)

1053 (6.4)

969 (5.8)

4345 (12.5)

Labor complications, n (%)

1406 (15.8)

1269 (15.1)

1356 (14.3)

1530 (15.7)

2428 (14.3)

3050 (18.3)

5190 (14.7)

5849 (16.8)

Caesarean rate, n (%)

162 (1.8)

162 (1.9)

1879 (19.9)

2202 (22.7)

2509 (14.8)

3103 (18.6)

4550 (12.9)

5467 (15.7)

Multiple births, n (%)

99 (1.1)

102 (1.2)

57 (0.6)

68 (0.7)

122 (0.7)

103 (0.6)

278 (0.8)

273 (0.8)

Yes

59 (1.1)

124 (1.5)

123 (6.3)

416 (4.4)

422 (3.0)

1225 (7.3)

604 (2.8)

1765 (5.1)

No

5228 (98.9)

8209 (98.5)

1809 (92.8)

8880 (94.8)

13,746 (96.3)

15,446 (92.4)

20,783 (96.6)

32,535 (94.5)

Don’t know

0 (0.0)

3 (0.04)

18 (0.92)

73 (0.78)

103 (0.72)

44 (0.46)

121 (0.56)

120 (0.35)

Registry births, n (%)

8972

8510

9514

9784

17,109

16,815

35,595

35,109

4582 (51.1)

4281 (50.3)

4998 (52.5)

5018 (51.3)

8927 (52.2)

8687 (51.7)

18,507 (52.0)

17,986 (51.2)

1500–2499

256 (2.9)

267 (3.2)

1336 (14.1)

1441 (14.7)

2261 (13.2)

3292 (19.7)

3853 (10.9)

5000 (14.3)

≥ 2500

29,922 (85.7)

Corticosteroids, n (%)

Male, n (%)
Birth weight (g) b, n (%)

8429 (97.1)

8145 (96.8)

8152 (85.9)

8336 (85.3)

14,824 (86.8)

13,441 (80.3)

31,405 (89.1)

Registry births ≥ 1500 g, n

8972

8510

9514

9784

17,109

16,815

35,595

35,109

Registry births ≥ 1500 g in
facilities, n (%)

3778 (42.1)

4164 (48.9)

9342 (98.2)

9693 (99.1)

16,323 (95.4)

16,129 (95.9)

29,443 (82.7)

29,986 (85.4)

Registry births ≥ 1500 g in
HBB-trained facilities, n (%)

3235 (36.1)

3481 (40.9)

4053 (42.6)

4373 (44.7)

7944 (46.4)

8131 (48.4)

15,232 (42.8)

15,985 (45.5)

Primary facility, n (%) c

2620 (81.0)

2733 (78.5)

207 (5.1)

227 (5.2)

2713 (34.2)

2924 (36.0)

5540 (36.4)

5884 (36.8)

Secondary facility, n (%)

615 (19.0)

748 (21.5)

432 (10.7)

521 (11.9)

3935 (49.5)

3930 (48.3)

4982 (32.7)

5199 (32.5)

Tertiary facility, n (%)

0 (0.0)

0 (0.0)

3414 (84.2)

3625 (82.9)

1296 (16.3)

1277 (15.7)

4710 (30.9)

4902 (30.7)

543 (6.1)

683 (8.0)

5289 (55.6)

5320 (54.4)

8379 (49.0)

7998 (47.6)

14,211 (39.9)

14,001 (40.0)

Non-HBB trained facilities, n (%)
a

Deliveries indicate number of mothers
b
Birth weight measured or estimated within 7 days of delivery (N = 516 excluded). Birth weight values > 5500 g are excluded (n = 8)
c
Primary facilities do not perform c-sections; secondary facilities have c-section staff on call; tertiary facilities have 24 h/7 days per week c-section staff available
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site visits; review of monthly monitoring reports and
biweekly data review calls between the individual site
HBB coordinators and the central core staff (RTI
International and NICHD), followed by feedback to
facility MTs and BAs. The pre phase was defined as
the 12-month period preceding the completion of
initial BA training; the post period was defined as the
subsequent 12 months. Sites were also trained in
basic essential newborn care [14].
Study outcomes

The primary hypothesis was that implementation of
the HBB package in facilities with substantial proportions of eligible registry newborns would decrease the
PMR by 20 % among all registry births ≥1500 g in
the 52 clusters. Secondary outcomes included the
pre-post difference in the (1) fresh stillbirth rate
(FSBR); (2) death by 1 day, including FSBs; and (3) 7day neonatal mortality rate (NMR) among all live
registry births and registry births in HBB-trained facilities. SBs were considered intrapartum or FSBs if
they were not macerated (MSB). The PMR was estimated by dividing the sum of FSBs and live births
dying within 7 days by all births, a modification of
the common PMR definition to exclude MSBs that
cannot be resuscitated. Day 1 mortality rate included
FSB plus deaths by 24 h in the numerator and FSB
and live births in the denominator; 7-day NMR included deaths of live births in the numerator and all
live births in the denominator.
Data management

Primary outcome and key secondary outcome data were
collected by an independent registry staff. The research
staff at each site collected additional data to evaluate the
HBB training program and monitoring activities in the
facilities.
Power and statistical analysis

Consistent with the overall study goal outlined earlier,
the study was powered to detect the overall public
health impact of the intervention based on an assumption that the intervention would improve access and increase the number of facility births. We therefore
estimated the power to detect the impact of implementation of HBB training in facilities to improve the mortality rates at the population (registry) level. Assuming a
PMR of 25/1000 among newborns ≥1500 g, a standard
deviation of 10 between clusters, and a correlation
across the periods of 0.3 (based on historic registry data),
the study had an estimated power of 82 % to detect a
20 % reduction in PMR among newborns ≥1500 g.
While the study was not powered to detect an
interaction effect between intervention and site or to
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detect differences in secondary mortality outcomes,
the study had sufficient sample size to provide valuable information about these secondary outcomes,
e.g., the effect of the intervention based on the subset
of deliveries that occurred at the HBB trained health
facilities. Under the original design assumptions about
heterogeneity of risk across clusters and the correlation
within clusters over time, the sample sizes within
the HBB-facility deliveries provided 80 % power to
detect a 30 % risk reduction and a 90 % power to
detect a 35 % reduction in mortality risk in these
facilities. Absent significant differences in the primary outcome or this important secondary outcome,
the analyses were constructed to provide point and
interval estimates of the magnitude of both public
health and in-facility benefit obtained from the
intervention.
The primary outcome was tested using a linear
mixed model that incorporated a random clustereffect term to account for correlation within clusters
across time and a fixed binary-time effect (pre-post
HBB) that represented the treatment effect. The
dependent variable was the cluster PMR aggregated
separately across the pre and post periods. Secondary
mortality outcomes were analyzed using linear mixed
models, incorporating both random-cluster effects and
fixed effects for pre and post periods. The interaction
between site and treatment was tested for the primary
and secondary outcomes. Secondary parameter estimates of combinations of time and period evaluated
whether the treatment effect changed over the course
of the study.

Results
The pre period was November 1, 2011 to October 31,
2012; the post period was November 1, 2012 to October
31, 2013. The 115 MTs trained 2227 BAs from June to
October 2012. A total of 70,704 registry births
≥1500 g were enrolled. A majority of registry births
were in facilities and 46 % of all registry births took
place in the 71 intervention facilities, attended by 835
trained BAs (medical doctors, midwives, nurses, or
auxiliary midwives; Belgaum = 460; Nagpur = 230;
Kenya = 145). 27 % of Belgaum’s, 20 % of Nagpur’s,
and 26 % of Kenya’s BAs reported receiving prior resuscitation training. Outcome data were available for
99.9 % of the births (Fig. 1).
Demographics, antenatal care, birth location, type of
birth attendant, labor complications, and gender ratio
were similar for the pre-post periods (Table 1); however,
there was a 31 % increase in the proportion of low birthweight (LBW = 1500–2499 g) newborns in the post compared to the pre period (14.3 vs. 10.9 %) and a 22 %
increase in c-sections (15.7 vs. 12.9 %), respectively.
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Fig. 1 Consort diagram
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Table 2 Mortality among registry births ≥1500 g pre-post HBB intervention
All Registry Births ≥ 1500 g
Pre n/N
(Rate/1000)

Post n/N
(Rate/1000)

Registry Births ≥ 1500 g in HBB Trained Facilities
a

Estimates of Pre-Post P
Differences in Mortality
Rates (95 % CI)

Pre n/N
(Rate/1000)

Post n/N
(Rate/1000)

Estimatesa of Pre-Post P
Differences in Mortality
Rates (95 % CI)

Total
Perinatal deaths

848/35,539 (23.9) 802/35,076 (22.9) −0.14 (−3.15, 2.86)

0.92 386/15,205 (25.4) 374/15,974 (23.4) 2.34 (−3.11, 7.80)

0.39

Fresh stillbirths

393/35,595 (11.0) 330/35,109 (9.4)

0.17 191/15,232 (12.5) 152/15,985 (9.5)

3.75 (−0.21, 7.70)

0.06

Death by day 1b

660/35,539 (18.6) 620/35,076 (17.7) −0.02 (−2.51, 2.48)

0.99 295/15,205 (19.4) 297/15,974 (18.6) 0.81 (−3.65, 5.26)

0.72

0.18 195/15,014 (13.0) 222/15,822 (14.0) −1.41 (−5.45, 2.64)

0.49

1.38 (−0.61, 3.37)

Early neonatal death by day 7 455/35,146 (12.9) 472/34,746 (13.6) −1.53 (−3.79, 0.73)
Kenya
Perinatal deaths

232/8947 (25.9)

202/8494 (23.8)

1.03 (−5.66, 7.71)

0.75 124/3223 (38.5)

98/3477 (28.2)

11.71 (0.39, 23.03)

0.04

Fresh stillbirths

155/8972 (17.3)

114/8510 (13.4)

2.92 (−2.21, 8.04)

0.24 83/3235 (25.7)

57/3481 (16.4)

11.27 (0.95, 21.59)

0.03

Death by day 1

204/8947 (22.8)

Early neonatal death by day 7 77/8792 (8.8)

183/8494 (21.5)

0.25 (−5.69, 6.19)

0.93 108/3223 (33.5)

92/3477 (26.5)

8.09 (−2.05, 18.24)

0.11

88/8380 (10.5)

−1.89 (−4.92, 1.14)

0.20 41/3140 (13.1)

41/3420 (12.0)

0.52 (−4.40, 5.43)

0.83

Nagpur, India
Perinatal deaths

209/9483 (22.0)

239/9768 (24.5)

−2.92 (−8.05, 2.21)

0.25 103/4038 (25.5)

130/4367 (29.8)

−4.11 (−14.05, 5.82)

0.40

Fresh stillbirths

88/9514 (9.2)

90/9784 (9.2)

0.08 (−2.88, 3.04)

0.95 47/4053 (11.6)

57/4373 (13.0)

−1.27 (−6.80, 4.26)

0.64

Death by day 1

145/9483 (15.3)

168/9768 (17.2)

−2.11 (−5.91, 1.69)

0.26 71/4038 (17.6)

102/4367 (23.4)

−5.07 (–12.57, 2.43)

0.17

Early neonatal death by day 7 121/9395 (12.9)

149/9678 (15.4)

−3.05 (−7.53, 1.44)

0.17 56/3991 (14.0)

73/4310 (16.9)

−2.96 (−12.79, 6.88)

0.54

Belgaum, India
Perinatal deaths

407/17,109 (23.8) 361/16,814 (21.5) 2.17 (−2.28, 6.62)

0.32 159/7944 (20.0)

146/8130 (18.0)

1.05 (−4.94, 7.04)

0.71

Fresh stillbirths

150/17,109 (8.8)

0.26 61/7944 (7.7)

38/8131 (4.7)

2.49 (−0.78, 5.76)

0.13

Death by day 1

311/17,109 (18.2) 269/16,814 (16.0) 2.33 (−1.58, 6.25)

126/16,815 (7.5)

1.48 (−1.21, 4.17)

Early neonatal death by day 7 257/16,959 (15.2) 235/16,688 (14.1) 0.73 (−3.50, 4.96)
a
b

0.22 116/7944 (14.6)

103/8130 (12.7)

0.87 (−3.88, 5.63)

0.70

0.72 98/7883 (12.4)

108/8092 (13.3)

−1.39 (−5.42, 2.64)

0.47

Estimated mean differences obtained from a mixed model with cluster as a random factor and time period as a fixed factor
Death by day 1 includes fresh stillbirths

The primary outcome was the difference in PMR
among all registry births ≥1500 g pre-post HBB training
(Table 2). There was no significant difference in the
PMR among all registry births ≥1500 g pre-post training
or in the 7-day NMR. The pre-post results for all HBBtrained facilities were similar. However, in the Kenyan
HBB-trained facilities, the PMR and FSBR decreased.
The pre-post changes in mortality in the HBB trained facilities in India were not significant (Table 2).
The increase in the proportion of LBW births in the
post period prompted an exploratory post hoc analysis
of the mortality data stratified by birth weight (1500–
2499 vs. ≥2500 g) and of the mortality data stratified by
birth weight and site (Table 3). There were no significant
differences in the overall registry birth outcomes prepost training: the pre-post LBW PMR was 139.4 vs.
122.7 (p = 0.25); the pre-post FSBR was 72.1 vs. 55.0 (p
= 0.16); and the pre-post 7-day NMR was 73.1 vs. 71.8
(p = 0.91) among all registry births. Tests of the interaction terms in the model above showed no evidence of
a site by HBB intervention interaction (p > 0.33), but
showed relatively strong evidence of a three-way site by
HBB intervention by birth weight strata interaction (p <
0.0001). At the registry (population) level, the mortality

rates for LBW newborns in Belgaum decreased postintervention, with reductions ranging from 46 % in SBs
to 17 % in 7-day mortality. There was no reduction in
Belgaum in mortality for newborns ≥2500 g and there
was no reduction for either birthweight category in Nagpur and Kenya (Table 3).
At the HBB facility level, the PMR was reduced by
34 % and the SB rate by 54 % in Belgaum in post hoc
analyses, but there was no reduction in mortality rates
in Nagpur. There were too few LBW newborns in HBB
facilities in Kenya to provide precise estimates of
changes in mortality rates. In sum, there was no reduction in mortality in normal weight newborns at any of
the sites in our post hoc analyses. Finally, analysis of
mortality rate over the pre-post periods by 3-month intervals in HBB-trained facilities verified that there was
no change in the mortality rates beyond the expected
variability of the sample (95 % CI) (Fig. 2).

Discussion
To our knowledge, this is the first study to test a common package of resuscitation interventions, including
HBB training, equipment and extensive monitoring activities, in multiple sites in sub-Saharan Africa and India.
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Table 3 Mortality among registry births ≥1500 g pre-post HBB intervention stratified by birth weight
≥ 2500 g

Birth weight 1500–2499 g
Estimatesa of Mortality Rates (95 % CI)
All registry births

Pre

Post

3853

5000

Perinatal deaths 139.4 (112.9, 166.0) 122.7 (96.1, 149.2)
Fresh stillbirths
b

END by day 7
Kenya

END by day 7

Pre

Post

31,405

29,922

Difference

Pvalue

16.7 (−12.1, 45.5)

0.25

14.6 (12.2, 17.0) 14.3 (11.9, 16.7) 0.3 (−2.1, 2.7)

0.82

72.1 (51.4, 92.8)

55.0 (34.3, 75.7)

17.1 (−6.8, 41.0)

0.16

7.1 (5.4, 8.9)

6.1 (4.4, 7.9)

1.0 (−0.9, 2.9)

0.28

73.1 (55.4, 90.8)

71.8 (54.1, 89.5)

1.3 (−20.9, 23.5)

0.91

7.5 (6.0, 9.0)

8.2 (6.7, 9.7)

−0.7 (−2.4, 0.9)

0.38

256

267

8429

8145

Fresh stillbirths

Nagpur, India

0.59

20.3 (15.0, 25.7) 18.2 (12.9, 23.6) 2.1 (−3.4, 7.6)

0.43

143.4 (87.4, 199.3)

107.0 (51.1, 162.9)

36.4 (−42.2, 114.9)

0.34

13.9 (9.9, 18.0)

10.6 (6.6, 14.7)

3.3 (−1.9, 8.5)

0.19

105.1 (58.6, 151.7)

115.3 (68.8, 161.9)

−10.2 (−76.0, 55.6)

0.75

6.5 (3.6, 9.3)

7.7 (4.8, 10.5)

−1.2 (−4.2, 1.7)

0.39

1336

1441

8152

8336

Perinatal deaths 103.6 (78.9, 128.3)

104.6 (79.9, 129.3)

−1.0 (−24.3, 22.4)

0.93

10.5 (6.8, 14.1)

11.6 (8.0, 15.2)

−1.2 (−5.3, 3.0)

0.57

Fresh stillbirths

41.5 (25.6, 57.3)

40.6 (24.8, 56.4)

0.9 (−17.4, 19.1)

0.92

3.9 (2.2, 5.7)

4.1 (2.4, 5.9)

−0.2 (−2.7, 2.3)

0.87

64.2 (40.8, 87.6)

66.4 (43.1, 89.8)

−2.2 (−25.7, 21.3)

0.85

6.6 (3.8, 9.3)

7.5 (4.8, 10.3)

−1.0 (−3.6, 1.7)

0.46

2261

3292

14,824

13,441

b

END by day 7
Belgaum, India

Perinatal deaths 89.2 (75.8, 102.6)

55.4 (42.0, 68.9)

33.8 (16.4, 51.2)

< 0.001 14.0 (11.1, 16.9) 13.8 (10.8, 16.7) 0.2 (−3.1, 3.5)

0.89

Fresh stillbirths

39.2 (30.2, 48.1)

21.1 (12.1, 30.0)

18.1 (5.5, 30.7)

<.01

4.4 (2.8, 6.0)

4.1 (2.5, 5.7)

0.2 (−1.5, 1.9)

0.78

52.2 (41.8, 62.7)

35.0 (24.6, 45.5)

17.2 (3.3, 31.1)

0.02

9.7 (7.1, 12.3)

9.7 (7.1, 12.3)

−0.0 (−3.6, 3.6)

1.00

1988

2550

13,205

13,393

37.4 (−15.3, 90.1)

0.16

18.8 (14.4, 23.2) 15.9 (11.5, 20.4) 2.9 (−1.9, 7.7)

b

END by day 7
HBB Facility Births

Perinatal deaths 140.1 (102.9, 177.4) 102.8 (65.5, 140.0)

0.23

Fresh stillbirths

71.4 (40.8, 102.0)

38.1 (7.5, 68.7)

33.3 (−10.0, 76.6)

0.13

10.4 (7.0, 13.8)

7.2 (3.8, 10.7)

3.2 (−0.8, 7.2)

0.12

ENDb by day 7

76.5 (52.2, 100.8)

66.4 (42.3, 90.4)

10.2 (−23.7, 44.0)

0.55

8.4 (5.8, 11.1)

8.8 (6.1, 11.4)

−0.3 (−3.6, 2.9)

0.84

146

152

3073

3319

Kenya

Perinatal deaths 266.6 (160.4, 372.8) 149.2 (43.0, 255.4)

117.4 (−32.7, 267.6) 0.12

32.9 (22.4, 43.5) 22.0 (11.5, 32.6) 10.9 (−0.6, 22.4) 0.06

Fresh stillbirths

148.5 (50.1, 246.8)

48.7 (−49.7, 147.0)

99.8 (−39.2, 238.9)

0.15

24.5 (16.2, 32.8) 14.3 (6.0, 22.6)

10.2 (−1.3, 21.8) 0.08

ENDb by day 7

143.6 (71.5, 215.8)

101.9 (32.0, 171.8)

41.7 (−58.7, 142.2)

0.39

8.6 (4.3, 12.8)

0.7 (−3.0, 4.4)

0.69

3411

3676

−13.7 (−53.2, 25.8)

0.48

13.5 (7.0, 20.0)

14.2 (7.8, 20.7)

−0.7 (−8.8, 7.3)

0.85

Nagpur, India

628

Perinatal deaths 100.7 (72.8, 128.6)

695
114.4 (86.5, 142.3)

7.9 (3.6, 12.1)

Fresh stillbirths

44.1 (27.6, 60.7)

49.7 (33.1, 66.2)

−5.5 (−28.6, 17.5)

0.62

5.1 (1.7, 8.5)

5.6 (2.2, 8.9)

−0.5 (−5.3, 4.3)

0.83

ENDb by day 7

59.0 (34.0, 83.9)

67.9 (42.9, 92.8)

−8.9 (−43.5, 25.7)

0.60

8.4 (2.3, 14.5)

8.7 (2.6, 14.8)

−0.3 (−8.0, 7.4)

0.94

0.75

Belgaum, India

b

Difference

Perinatal deaths 234.3 (174.0, 294.6) 212.5 (152.2, 272.8) 21.8 (−63.5, 107.1)
b

a

P-value Estimatesa of Mortality Rates (95 % CI)

6721

6398

Perinatal deaths 62.9 (48.8, 77.1)

1214

41.7 (27.6, 55.9)

1703
21.2 (3.9, 38.5)

0.02

11.3 (8.0, 14.7)

12.0 (8.6, 15.3)

−0.7 (−5.0, 3.7)

Fresh stillbirths

28.5 (18.9, 38.1)

13.2 (3.6, 22.8)

15.3 (1.7, 28.9)

0.03

3.0 (1.5, 4.5)

2.3 (0.7, 3.8)

0.8 (−0.9, 2.4)

0.34

ENDb by day 7

35.6 (26.8, 44.3)

28.9 (20.2, 37.6)

6.7 (−4.7, 18.0)

0.23

8.3 (5.5, 11.2)

9.7 (6.8, 12.6)

−1.4 (−5.5, 2.7)

0.48

Estimated means obtained from a mixed model with cluster as a random factor and time period as a fixed factor
END early neonatal death

It is also the first study to identify a differential positive
impact of HBB training of facility BAs on LBW neonatal
survival at the population level (registry) and in HBBtrained facilities.
Our study had several strengths, including a large
sample from low-income, semi-urban and rural communities in India and low-income, rural sites in subSaharan Africa, where most global PNM occurs. We had
well-established methods for identifying and including

outcomes of all delivery locations (including home
births) and BA training levels. Women were enrolled
starting in the second trimester; pregnancy outcomes
were recorded by independent, trained staff; follow-up
exceeded 99 % and the data center managed all data and
data analyses. The site populations were diverse: Kenyan
women, compared with Indian women, were of higher
parity, and delivered heavier newborns vaginally at home
with traditional BAs or in clinics assisted by nurse
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Fig. 2 Mortality among HBB ≥1500 g registry births in HBB-trained facilities pre-post intervention by quarter

midwives. Finally, the HBB training was rigorous. The
initial BA training was conducted by 115 MTs with facility BA teams in small, hands-on sessions with pre-post
testing, followed by “refresher” training approximately
6 months later. The monitoring system was supportive
and frequent. BAs that were new to the facilities were
trained on an individual basis. The quality monitoring
activities were also supportive and frequent, including
resuscitation debriefings, death audits, daily bag-andmask practice checks with state-of-the art equipment
and training materials; scheduled and unscheduled site
visits; a biweekly review of individual facility monitoring
and performance data.
To evaluate the public health impact of this intervention, the primary outcome was total population
mortality of neonates ≥1500g, rather than mortality of
infants delivered in HBB-trained facilities, and to ensure that the public health benefit was consistent with
the resource intensity of the intervention, the study
was designed to detect a large effect similar to the results of the Tanzanian studies. In retrospect, the decision to test the impact of HBB training on total

population mortality and to test a large effect over a
relatively short time period set a high bar for the GN
study, given the diversity of the sites’ health systems
and the challenges of changing resuscitation behavior
of all BAs within this period. Despite this high bar,
the study’s design and implementation strengths provided us with an unique, unanticipated opportunity to
identify a high-risk population that benefitted from
the HBB intervention in both the registry (population)
and HBB-trained facilities in Belgaum—LBW neonates. However, our study did not identify an overall
decrease in mortality among the “normal” birthweight
neonates at any of the three large sites.
Our results may not necessarily be generalizable to
other countries and facility settings. Another large prepost observational cohort study (n = 78,500) of HBB
training in 8 Tanzanian referral hospitals included deaths
among a more immature population (live births ≥750 g
and FSB >1 kg) and used a brief 2-month pre (baseline)
period, followed by a 1-year intensive implementation
period (5 HBB MTs per facility) before assessing impact
the subsequent year. The study documented a trend
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toward reduced deaths within 24 h and a decrease in
FSB rates 1 year after the HBB implementation period,
but it did not evaluate the PMR. The 2-month baseline
period makes interpretation of these study results difficult; we have noted the need for longer baseline data periods because of variability in annual registry data,
especially in the first two years of data collection and in
times of political and facility turmoil. In addition to the
duration of the baseline and implementation periods,
other differences between the studies include the single
vs. multi-national settings; the maturity of the birth populations; and the number and diversity of the facilities
and BAs trained. Despite these differences, the GN HBB
study and the Tanzanian studies shared a fundamental
resuscitation strategy: both emphasized immediate drying of all non-MSBs, which focuses the BA’s full attention on immediate drying of each newborn, and uses
suctioning and ventilation only “as required,” to identify
FSBs.
We designed this prospective pre-post study in 71 diverse GN facilities in India and Kenya as a public health
intervention to evaluate the training of BAs in selected
facilities on the PMR of registry births in all the participating clusters and to improve the outcomes of all the
babies born in the facilities—not just the registry
babies—consistent with beliefs that facility deliveries will
increase only when populations perceive that facilities
provide quality care and babies survive. Although LBW
survival was not identified prospectively as a secondary
outcome, LBW neonates represent a high-risk population and an important indicator of quality of resuscitation and neonatal care. Stratification of data by
birth weight and center identified the broad differential
positive impact of HBB training on LBW survival.
Mothers in both Indian sites are increasingly delivered
in facilities by skilled BAs, but Nagpur’s mothers are
more highly educated, are first pregnant at an older age,
and have higher c-section rates than Belgaum mothers,
yet HBB training did not improve the primary or secondary outcomes in Nagpur. Belgaum had relatively low
baseline PMRs, FSBR, and deaths by day 1 in both their
registry and HBB-trained facilities which tended to improve further after training. But what was not previously
appreciated was that LBW neonates in the Belgaum
community and in their HBB-trained facilities benefitted
differentially from HBB training.
Based on this experience, we speculate that sites must
collect a prolonged period of harmonized baseline data
as the basis for demonstration of real mortality improvements. They should also provide careful monitoring of
resuscitation behavior to ensure that positive behavior
change is sustained, that accurate delivery room records
are maintained, and that comprehensive data are analyzed promptly and made widely available to identify
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patterns of change. This will allow identification of highrisk populations who may be the target of increased efforts to improve quality of care. High-risk populations
are especially difficult to identify in sites that are not resuscitating and recording all LBW and FSBs or are misclassifying deaths. Such problems are often identified in
retrospect by an increase in mortality after an intervention is introduced. Time and support will be required to
ensure real, sustained behavior change in highly diverse
LMIC. As perinatal care improves in such settings, increased facility deliveries and ongoing resuscitation
training and quality monitoring may reduce the number
of MSBs, asphyxiated newborns and early neonatal
deaths previously misclassified as SBs, further improving
the PMR [15].
This study, like recent randomized controlled trials
[16–18], highlights the complexity of scaling-up
evidence-based interventions from high income countries in diverse populations and settings in LMIC. We
need more information about the many subtle and striking but often unknown and unrecorded differences that
make an intervention fail or succeed.

Conclusions
Rapid scale up of HBB training of GN facility BAs was
not associated with significant reductions in perinatal
mortality, stillbirth, or neonatal mortality among all neonates ≥1500 g in a population-based registry in three diverse sites in India and Kenya; however, secondary
analysis of outcomes stratified by BW demonstrated reductions in mortality measures in both registry and
HBB-trained facilities in Belgaum with no survival benefit to normal BW populations in the three sites.
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We report a case of giant hydronephrosis that was wrongly diagnosed as an ovarian cyst and explored in
a pregnant woman. Giant hydronephrosis are uncommon and need to be kept in mind as a differential
diagnosis while making a clinical diagnosis.
Ó 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
A giant hydronephrosis is deﬁned as a dilated pelvicalyceal system with an amount of ﬂuid exceeding 1000 cc in the urinary tract of
adults.1 The most common cause of giant hydronephrosis, as
described in the literature, is congenital stenosis of the ureteropelvic junction. Other causes of giant hydronephrosis include urolithiasis and tumor. A giant hydronephrosis can mimic several other
clinical conditions such as ascites, intraperitoneal cysts, retroperitoneal cysts, ovarian cysts or tumors.2 Hydronephrosis can be
confused for any of these clinical conditions and patient may undergo an unnecessary surgical exploration, wrong treatment or at
times even a nephrectomy. We report on a case of hydronephrosis in
a 24 week pregnant woman, wrongly diagnosed as an ovarian cyst.

Case report
A 25 year old pregnant woman was admitted to a local rural
hospital with complaints of abdominal pain. She was 24 weeks
pregnant and complained of colicy pain in left lower abdomen. An
abdominal ultrasonography was done, which revealed a huge cystic
mass in the lower abdomen. A diagnosis of ovarian cyst was made
and the patient explored. Exploration revealed an hydronephrotic

* Corresponding author.
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left kidney and bilateral normal ovaries. Abdomen was closed and
patient referred to Urological services of our hospital.
Serum creatinine of the patient was 1.4 mg%. Urine examination
revealed plenty of pus cells. CE-MRI revealed large hydronephrotic
left kidney (Fig. 1). The patient and her family were counseled. The
patient was put on antibiotics and underwent left sided double J
stenting. She was advised to continue with her pregnancy and was
counseled that the hydronephrotic kidney would be evaluated and
managed after the delivery (Fig. 2).
Discussion
Uretero-pelvic junction (UPJ) obstruction is the most common
cause of signiﬁcant dilation of the collecting system in the fetal
kidney, accounting for 48% of all dilation of the collecting system.3The almost universal use of prenatal sonography has made
discovery of UPJ obstruction in the antenatal period a common
occurrence. It has changed our approach to evaluation, as we
attempt to prove that the problem exists in an otherwise asymptomatic infant.4 Otherwise infants may present with failure to
thrive, feeding difﬁculties, sepsis secondary to urinary tract infection, or pain or hematuria related to nephrolithiasis. Urinary tract
infection is the presenting sign in 30% of affected children beyond
the neonatal period.3 Older children may present with symptoms of
episodic ﬂank or upper abdominal pain, sometimes associated with
nausea and vomiting due to intermittent UPJ obstruction. In the
young adult, episodic ﬂank or abdominal pain, particularly during

2214-4420/Ó 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1. MRI Showing giant hydronephrotic left kindey with thin rim of renal parenchyma and 24 weeks foetus on the right side.

diuresis, is a common manifestation. Occasionally, a patient with
the UPJ obstruction may present with hypertension, the pathophysiology being a functional ischemia with reduced blood ﬂow
caused by the enlarged collecting system that produces a reninmediated hypertension.
The literature is abound with case reports of mistaken diagnosis.
Ko et al5 reported an unusual case of hydronephrotic pelvic kidney
mimicking an ovarian cyst. Neena et al6 similarly reported an
ectopic hydronephrotic kidney masquerading as an ovarian cyst
during pregnancy. Balakrishnan and Narayana7 reported about a
patient with hydronephrosis and presenting with acute abdominal
pain was misdiagnosed as a case of hydrosalphinx. One needs to be
careful when dealing with cystic lesions of the abdomen. An
hydronephrotic kidney is a strong differential diagnosis and further
imaging with a computerized tomography or magnetic resonance
imaging or radio-isotope imaging would be necessary to be sure of
the diagnosis.

21

Figure 2. MRI Showing urinary bladder, foetal head, lower portion of hydronephrotic
left kidney occupying lower abdomen and pelvis.
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Priapism is a complication rarely seen in leukemia. We report a 19-year-old man presented with
persistent painful erection of penis for over 24 hours at home. The patient had underwent immediate
irrigation and decompression of priapism by urologist at emergency services of the hospital. This
approach resulted in a ﬂaccid penis later. During hospitalization, peripheral blood smear and bone
marrow aspiration conﬁrmed the diagnosis of chronic myeloid leukemia.
Ó 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Priapism is deﬁned as full or partial erection that continues
more than 4 hours beyond sexual stimulation and orgasm or is
unrelated to sexual stimulation.1 Ischemic priapism is marked by
rigidity of the corpora cavernosa with little or no cavernous arterial
inﬂow. In ischemic priapism time dependent changes occur in the
corporal metabolic environment with progressive hypoxia, hypercarbia, and acidosis. The patient typically complains of penile pain
after 6e8 hours, and the examination reveals a rigid erection.1
Ischemic priapism accounts for the majority of cases.
Although SCD is a predominant etiology of veno-occlusive priapism cases in the literature, there are a wide variety of other causes
ranging from urinary retention to insect bites.1 Hematologic dyscrasias are also a major risk factor for ischemic priapism. Priapism
may occur in patients with excessive white blood cell counts. The
incidence of priapism in adult male patients with leukemia is 1%e
5%.2 When priapism presents in the oncology setting, evaluation
and management of the predisposing condition must accompany
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interventions directed at the penis. We report a case of a young
adult who presented with priapism as the ﬁrst manifestation of
chronic myeloid leukemia.

Case report
A previously healthy 19-year-old man presented to the Urological emergency services with history of an erect penis of over
24 hours duration (Fig. 1). His penis was erect, painful and swollen
when he arrived at emergency department. There was no history of
trauma, malaise, night sweats, joint pain, and cough. The patient
gave history of two similar previous episodes lasting for few hours
and subsiding on its own in the past 1 month.
The physical examination revealed that the liver was palpable
1e2 cm below the right costal margin, and spleen was 3 cm below
the left costal margin. The conjunctiva appeared pale with no
jaundice. The penis was erect, ﬁrm and tender with superﬁcial
venous engorgement. Laboratory data showed hemoglobin (Hb)
9.2 g/dl, hematocrit 25.7%, white blood count (WBC), 296,800/mm3,
and platelet 936,000/mm3. Serum chemistries were unremarkable.
Treatment of the priapism was initiated by corporal aspiration and
phenylephrine irrigation at the emergency services under the
impression of low ﬂow type priapism because of the history and
physical examination. The erection gradually reduced following
aspirations and washes.

2214-4420/Ó 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1. Clinical photograph of an erect penis.

For hyperleukocytosis, the patient was admitted to the inpatient
services and was diagnosed as a case of chronic myeloid leukemia
on the basis of peripheral blood smear and bone marrow examination (Fig. 2). The Philadelphia chromosome was illustrated in the
patient. He was started on hydroxyurea tablets at 1.5 g per day and
Imitinib 40 gm per day. Allopurinol 300 mg daily with adequate
hydration was also started for potential tumor lysis syndrome.
Discussion
The condition priapism was named after the Greek god Priapus,
thought to be the son of Zeus. It is believed that a jealous Hera or
Aphrodite cast a spell over his mother while pregnant (either
Aphrodite or Chloe) causing Priapus to be born with the afﬂiction
bearing his name and resulting in him being disowned by his
mother.3 Priapism is an urological emergency, which must be
treated early to prevent erectile dysfunction. Priapism is a rare
condition on its own with an incidence of 1.5 cases per 100,000
person-years. Hematological conditions are the cause of 20% of
cases of priapism in men. Priapism secondary to penile metastasis is
rare and one of the etiological factors.4 Depending on the case series, priapism is seen in between 1 and 5% of male patients with all
types of leukemia.2 Of this small overall percentage, chronic
myeloid leukemia (CML) accounts for 50% of all leukemic priapisms.

9

However, as a presenting feature of CML, priapism is rare in male
patients, occurring in 1e2%. There is a bimodal age distribution in
males of 5e10 and 20e50 years old, but it has been described in all
age groups.1
There is little data available on the correct management of priapism in patients with CML; however the American Urological
Association has published guidelines based on expert panel discussion and review of the limited data available.5 American Urological Association strongly recommends that systemic treatment
of an underlying disorder, such as CML, should not be undertaken as
the only treatment for ischemic priapism.5 Intra-cavernous treatment is required, and should be administered concurrently. As
ischemic priapism is a compartment syndrome it requires treatment directed at the penis primarily. Systemic therapies that are
commonly used in CML patients include cytoreductive therapy,
such as high-dose hydroxycarbamide and tyrosine kinase inhibitors
(TKIs), with or without the addition of leukapheresis to reduce
hyperviscosity.3
Therapeutic aspiration (with or without irrigation) or intracavernous injection of sympathomimetics should be initially tried
to treat priapism. A penile block may be performed but is not
necessary. If performed, 10e20 ml of 1% lignocaine is injected below
the symphysis pubis to block the dorsal nerves to the penis.
A tourniquet is applied to the base of the penis. A 16 or 18 gauge
biovalve intra-venous catheter can be inserted into the corpus
cavernosum laterally through the penile skin, avoiding the ventral
urethra and dorsal neurovasucular bundle. Alternatively, the cannula may be inserted through the glans penis into the corpus cavernosum, which reduces skin bruising.3 As the two corpora are
interconnected, unilateral aspiration is sufﬁcient. Twenty to
thirty ml of blood is aspirated, and heparinized saline may be
injected. This may be repeated a few times. Repeated aspirations
over 1 hour may be needed and up to 50 ml of blood can be aspirated. On its own, aspiration has a success rate of approximately
30%.3
Our case is unique as priapism is a complication rarely seen in
leukemia. The importance of prompt diagnosis and treatment of
priapism cannot be overemphasized, as there is deﬁnite incidence
of impotence following this condition. Besides the initial relief of
priapism, the further workup and management of the underlying
disease are more important. In our case, with use of a combined
urological therapy and oncological treatment to priapism, the patient rapidly had relief of his clinical problem.

Figure 2. Bone marrow picture of chronic myeloid leukemia (H&E staining) e a) Under low power (10), Hypercellular bone marrow. b) Under high power (100), oil immersion e
increased megakaryocytes with eosinophilic and basophilic myeloid precursors.
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Case Report

An Unusual ST Elevation in a Case of
Left Atrial Myxoma

Nikunj Vyas1, Ravi Ghatanatti2, Amrutraj Nerlikar3, Mohan Gan4, Mahadev Dixit5

ABSTRACT
Myxomas are the most common and potentially dangerous benign tumours of the heart. They may have either smooth or papillary
surfaces and may have thrombus adherent. As both the papillary excrescences and the surface thrombi are friable in nature hence
may undergo embolization. We report a case of left atrial myxoma, which underwent excision of the tumour for mitral valve obstructive
features. In the immediate postoperative period patient developed ST elevation in lead II, III and aVF. Coronary angiogram revealed
normal coronary pattern. Patient was treated with aspirin, heparin and IABP for 48 hours and recovered well. We conclude that there
is a tendency for spontaneous recanalization of the obstructed coronary vessels by tumour emboli, hence patient can be managed
conservatively.

Keywords: Benign tumour, Coronaries, Emboli, ECG

Case report
A 35-year-old female patient presented to cardiothoracic surgery
department with complains of dyspnea on exertion (NYHA class III)
since three months. There were no embolic events in the past. On
examination patient had tachypnea and tachycardia. Auscultation
revealed mid-diastolic murmur in mitral area. ECG was suggestive
of left atrial enlargement and atrial fibrillation. Further work up
was done to differentiate rheumatic mitral disease from left atrial
(LA) myxoma as a cause for mitral stenosis. Transesophageal
echocardiography (TEE) showed large pedunculated myxoma
attached to inter atrial septum, measuring 3.8*3.3cm. It protruded
into left ventricle through the mitral valve (MV) causing obstruction
to MV inflow [Table/Fig-1].
Peak pressure gradient of 32mmHg, tricuspid regurgitation with
mitral regurgitation grade I, severe pulmonary artery hypertension
and good biventricular function. CAG revealed normal coronary
pattern. Provisional diagnosis of LA myxoma was made and
informed written consent was taken for the surgery.
The patient underwent elective LA myxoma excision with intact
tumour under cardiopulmonary bypass support through right
atrial approach. The septal defect was closed with autologous
pericardium. Postoperative TEE showed good biventricular function
after weaning off from cardiopulmonary bypass. She developed
ST elevations in lead II, III and aVF. Postoperative coronary
angiogram was done suspecting tumour emboli to coronaries but
was normal. The patient remained haemodynamically unstable &

[Table/Fig-1]: LA myxoma attached to interatrial septum with mitral valve inflow
obstruction.
Journal of Clinical and Diagnostic Research. 2016 Feb, Vol-10(2): PD01-PD02

she was treated with aspirin 75mg, heparin to maintain activated
clotting time between 150-180 sec and intra-aortic balloon
pump (IABP) support. She made good haemodynamic recovery
within next 48 hours without any neurologic deficits. Patient was
discharged on 10th postoperative day. Follow up after a month
with echocardiography suggested normally functioning mitral
valve with mild pulmonary artery hypertension and NYHA class
improved from class III to I.

Discussion
Myxomas are the most common and potentially dangerous benign
tumours of the heart. Approximately 75% atrial myxoma’s arise
in LA and systemic embolization occurs in 30-50% cases [1-3].
Women are most commonly affected in their 3rd -5th decade. Most
cases are sporadic but about 7% have family history. Surgical
treatment is the main stay of treatment and they rarely recur.
Patients with atrial myxomas may present with valve obstruction,
embolization to the pulmonary and systemic circulation, or
constitutional symptoms. Left atrial myxomas have a higher
propensity to embolize both pre and postoperatively [4]. Right atrial
myxomas rarely display clinical manifestations of emboli. There is a
risk of extensive haemorrhagic MI with tamponade [5] and tumour
fragmentation with systemic embolization [6], if thrombolysis is
performed in an undiagnosed left atrial myxoma causing MI. Our
patient presented with mitral valve obstruction features with no
signs of systemic embolization.
Most atrial myxoma cases make uneventful recovery after excision
except a few show systemic embolization. Careful handling of
the heart and intact removal of the tumour is advocated during
surgery. Inspite, systemic and coronary embolization is reported
in 30-50% and 0.06% cases respectively [1-3,7]. When coronary
occlusion with tumour tissue occurs, percutaneous coronary artery
intervention or CABG may be needed [8].
Our patient developed ST elevations in lead II, III and aVF and no
cardiac enzyme elevation was seen in immediate postoperative
period. The reason for such an observation could be that the
tumour emboli may have caused subtotal occlusion of coronaries
giving rise to ST changes. CAG was normal possibly due to lysis
of the smaller fragments or spontaneous recanalization of the
coronaries [9-11]. The patient made good recovery with IABP
support, heparin and aspirin.
1
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Similar case reporting was done by Yavuz and colleagues in which
patient presented with features of myocardial infraction without
risk factors for coronary artery disease. Echo showed left atrial
myxoma and coronary angiogram was normal [12].
Braun in his review of 40 cases of MI due to left atrial myxoma
found that the right coronary artery was the common culprit with
inferior myocardial infarction seen in most of the cases [13]. In
33% of the documented coronary angiogram it was found to be
normal.

Conclusion
Myxomas are the most common cause for ST changes in both pre
& post op period. Coronary angiogram can show normal coronary
pattern due to spontaneous recanalization or lysis of tumour
thrombus.
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Abstract
Background: Globally, pre-eclampsia and eclampsia are major contributors to maternal and perinatal mortality;
of which the vast majority of deaths occur in less developed countries. In addition, a disproportionate number
of morbidities and mortalities occur due to delayed access to health services. The Community Level Interventions
for Pre-eclampsia (CLIP) Trial aims to task-shift to community health workers the identification and emergency
management of pre-eclampsia and eclampsia to improve access and timely care. Literature revealed paucity of published
feasibility assessments prior to initiating large-scale community-based interventions. Arguably, well-conducted feasibility
studies can provide valuable information about the potential success of clinical trials prior to implementation. Failure to
fully understand the study context risks the effective implementation of the intervention and limits the likelihood of posttrial scale-up. Therefore, it was imperative to conduct community-level feasibility assessments for a trial of this magnitude.
Methods: A mixed methods design guided by normalization process theory was used for this study in Nigeria,
Mozambique, Pakistan, and India to explore enabling and impeding factors for the CLIP Trial implementation.
Qualitative data were collected through participant observation, document review, focus group discussion and
in-depth interviews with diverse groups of community members, key informants at community level, healthcare
providers, and policy makers. Quantitative data were collected through health facility assessments, self-administered
community health worker surveys, and household demographic and health surveillance.
Results: Refer to CLIP Trial feasibility publications in the current and/or forthcoming supplement.
Conclusions: Feasibility assessments for community level interventions, particularly those involving task-shifting across
diverse regions, require an appropriate theoretical framework and careful selection of research methods. The use of
qualitative and quantitative methods increased the data richness to better understand the community contexts.
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Background
Globally, hypertensive disorders of pregnancy (HDP)
mainly pre-eclampsia and eclampsia are major contributors to maternal and perinatal mortality and morbidity,
with the highest burden is in low and middle-income
countries (LMIC) [1, 2]. Management of pre-eclampsia
and eclampsia has focused on hospital-based interventions [3], and the only intervention possible at the community level is stabilization and referral to higher-level
facility [4]. As these conditions are dependent on timely
and appropriate intervention, many women in hard-toreach areas suffer from severe disability or death as a
result of delays in early identification, triage, transport
and treatment [5]. To effectively reduce maternal and
perinatal complications resulting from pre-eclampsia and
eclampsia, community-level identification, prompt intervention and referral are required [6]. Therefore, a package
of evidence-based interventions that are applicable in the
home and primary health centre (PHC) represents a critical step towards addressing excess maternal and perinatal
deaths and disabilities resulting from the failure to identify
and rapidly manage pre-eclampsia and eclampsia at the
community level. Such a package would require community health care providers to use a simplified triaging
tool to identify women at high risk of adverse outcomes, provide emergency treatment and facilitate their
referral to hospital. A systematic review of strategies to
improve maternal and perinatal health in LMICs demonstrated the benefits of using such community-based
interventions for improving maternal and newborn
outcomes [7].
The Community Level Interventions for Pre-eclampsia
(CLIP) trial

The CLIP Trial [clinicaltrials.gov number ID NCT01
911494] is an ongoing cluster randomized controlled
trial, which aims to address the maternal and perinatal
mortality resulting from the failure to identify and
rapidly manage pre-eclampsia and eclampsia at the
community level in LMICs [8]. Specifically, the CLIP
intervention consists of:
I. Community engagement including women from the
communities, dyadic household decision-makers
(husbands, fathers-in-law) and community leaders
about: pre-eclampsia, its origins, symptoms, signs
and potential consequences, pre-permissions for
maternal transport and fundraising activities for
transport and treatment costs;
II. Provision of HDP-oriented antenatal care through
household visits by community healthcare providers
(cHCPs) who carry a mobile health (m-health)
application for identifying women at risk of
pre-eclampsia. The m-health application is
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programmed with a validated Pre-eclampsia
Integrated Estimate of Risk (PIERS) on the Move
(POM) [9, 10];
III. Use of the CLIP package for women with a CLIP
‘trigger’ (i.e. oral antihypertensive therapy or
intramuscular (i.m.) magnesium sulphate (MgSO4)
when indicated, and appropriate referral to a
comprehensive emergency obstetric care (CEmOC)
facility as needed).
IV. Capacity building through continuous medical
education of healthcare providers in referral health
facilities.
The cHCPs assess pregnant women with a target frequency of every 4 weeks at a minimum. These visits can
occur in the home or PHC. The cHCPs are trained to
enquire about the woman’s symptoms (using countryspecific pictograms), take blood pressure and check
urine for protein to inform diagnosis of and risk assessment for pre-eclampsia. The control group (without
intervention) continues with routine pregnancy care.
Feasibility assessment of the CLIP trial

Implementation of the complex CLIP interventions significantly depended on positive interactions with the
community and existing health system (Fig. 1). The CLIP
Trial is recruiting in four countries, which have countryspecific healthcare delivery systems, diverse population
characteristics, varied perceptions of care seeking and
treatment preferences. Therefore, a prior assessment of
the acceptability and feasibility of the CLIP interventions
was needed to ensure effectiveness, while addressing
applicability and sustainability issues relating to implementing the trial.
Very few clinical trials [11, 12], particularly in the
area of pre-eclampsia and eclampsia [13, 14], have conducted feasibility assessments prior to initiating largescale community-based interventions. Failure to fully
understand the study context risks the effective implementation of the intervention and limits the likelihood
of post-trial scale-up. Consequently, in the absence of a
feasibility assessment the benefits of the intervention
may not be maximized at population level, despite being shown to be effective. Therefore, the role of such a
feasibility study was integral to successful trial implementation and programmatic sustainability.
Feasibility study objectives

The feasibility assessment of the CLIP Trial aimed to
describe the health system, identify community and individual barriers and facilitators that influence care of
pregnant women in the community, particularly as they
relate to pre-eclampsia and eclampsia, in preparation for
the conduct of a community-based cluster randomised
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Fig. 1 Stakeholders of the CLIP feasibility study. CLIP, Community Level Interventions for Pre-eclampsia

trial. The primary objectives of the CLIP Trial feasibility
study were to:
1. Explore the local cultural beliefs related to
pregnancy and its complications
2. Understand current care seeking behavior and
practices
3. Identify local stakeholders and determine support
4. Establish rates of maternal and perinatal mortality
and morbidity in study communities to confirm
sample size
Secondary objectives were to assess each health care
system including organization, infrastructure and human
resource capacity, cost of maternity services, and training
needs for health care providers.

Methods
Theoretical framework

The study design was guided by May et al.’s normalization
process theory (NPT), as it has been used in designing,
implementing and evaluating trials of complex clinical
interventions [15, 16]. As the CLIP Trial aims to integrate
an innovative and complex healthcare intervention into
regular practice, the NPT theoretical framework was an
appropriate fit [17].
NPT emphasizes on the collective work of individuals
and groups to make the intervention normalized. Particularly, it seeks to understand the context that increases or
decreases the likelihood of adoption of an intervention
into existing system. There are four key components to
NPT including coherence, cognitive participation, collection action and reflexive monitoring [18]. The application
of NPT key components guided CLIP feasibility study as
follows:

(I) Coherence: This component refers to aspects of a
complex intervention that are similar to existing
practice. The CLIP introduces m-health technology
that builds on the existing infrastructure of cHCP
and enhances health system capacity through
additional trainings. It also implies cooperative
interaction between cHCP and collective effort to
integrate m-health into current practices. This
assessment required review of health workers’
curriculum, practice guidelines and policies.
(II) Cognitive participation: This component refers to
understanding the dynamics of intervention and
potential benefits/risks from participation. The
CLIP Trial proposes immediate and long-term
benefits to the community and health system.
The qualitative methods in the CLIP feasibility
study provided an opportunity to discuss in detail
importance and potential benefit/risk with wide
range of stakeholders.
(III)Collective action: This component refers to
collaboration between individuals and groups
responsible to implement intervention. The
implementation of the CLIP Trial highly depended
on the collective action of all stakeholders (i.e., care
providers, care receivers and community at large).
The collection action was gauged through
discussion of participatory activities, such as
community engagement, capacity building of
healthcare providers, and on-going support of
research staff.
(IV)Reflexive monitoring: This component refers to
reflecting upon the enabling and impeding factors
that could potentially normalize the intervention.
We used reflexive monitoring for researchers to
provide feedback during data collection and to
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assess the level of community and stakeholder
support. Reflexive monitoring was also done
throughout FGDs and interviews through the use
of paraphrasing by facilitators for community and
individual appraisal of benefit.
Study design

This study used a pragmatic mixed-methods (qualitativeand-quantitative) design informed by the theoretical
framework NPT. The quantitative and qualitative components were used to complement one another and allow
for triangulation between methods (Fig. 2) [19, 20].
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Study sites

Four countries were selected for this feasibility study:
Nigeria (Fig. 3), Mozambique (Fig. 4), Pakistan (Fig. 5),
and India (Fig. 6). In-country activities were led by: the
Centre for Research in Reproductive Health (CRRH) in
Nigeria; the Manhiça Health Research Centre (CISM)
in Mozambique; the Aga Khan University (AKU) in
Pakistan; and KLE University’s JN Medical College and
the SN Medical College in India. These sites were selected in consultation with lead organizations in each
country, as well as existing academic relationships,
understanding and experience of community-based

Fig. 2 Snapshot of mixed-method design for the CLIP feasibility study. CLIP, Community Level Interventions for Pre-eclampsia; FGDs, focus group
discussions; IDIs, in-depth interviews

Khowaja et al. Reproductive Health 2016, 13(Suppl 1):56

Page 5 of 97

Fig. 3 Study site map of Nigeria

maternal or perinatal health research work, and research
infrastructure.
Study duration

The feasibility studies were completed in Pakistan during
February 2012 to May 2013; India during September
2012 to August 2013; Mozambique during July 2013 to
February 2014; and Nigeria during February 2012 to
May 2013.
Data collection: qualitative methods

Ethnography is a methodology born out of the field of
anthropology [21]. This qualitative approach is used to
explore differences and similarities between cultural
groups. The underlying assumption is that several differing perceptions or understandings exist and that these
are socially constructed, they are influenced by their cultural group and subject to future change [22]. Therefore,
an ethnographic lens is often adopted when researchers

aim to explore beliefs and practices related to a particular phenomenon within or between groups.
As our study aimed to describe the knowledge, attitudes and behaviours of various cultural groups, ethnography was an appropriate methodological approach. In
our study, we were interested in how various cultural
groups and communities make sense of pregnancy and
pregnancy complications with a particular focus on preeclampsia. In addition, we explored how the cultural
group of ‘health care providers’ act in the face of pregnancy complications, particularly pre-eclampsia.
The following methods were used to understand
culturally based practices and their underlying factors.
Focus Group Discussions (FGDs)

FGDs were conducted to elucidate in-depth information
and to encourage group dialogue. This method allowed
researchers to select and engage a large number of
participants from varied groups. FGDs were preferred to
explore the collective experiences of community
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Fig. 4 Study site map of Mozambique

members, health care providers, and policy makers in
parallel groups.
One researcher, assisted by a second to record field
notes and audio recordings, facilitated all FGDs. Moderators were local researchers with backgrounds in community or obstetric medicine or qualitative researcher.
Facilitators were locally recruited based on their research
experience, community knowledge, familiarity with the
health care system, and qualitative research expertise.
All researchers were provided basic qualitative training
prior to data collection; the process was supervised by
at least one social scientist at each site. To respect local
preferences of participants, FGDs were held separately
for men and women in all countries. In addition, facilitators were most often of the same gender as participants.
FGD facilitators had high proficiency in all locally spoken
dialects.
There was no known relationship between respondents and participants; facilitators did not provide health
care services for any participants. Rapport building with

communities was essential in each site prior to data collection. Approval was obtained by community leaders
and chiefs prior to conduct of the study. All participants
were briefed on the study prior to providing written
informed consent.
Participants were considered eligible for the study if
they expressed availability for at least 60 min and a willingness to participate. A non-probability sampling approach was taken; study participants identified through
the primary health centre networks, as well as local
community workers. Women of reproductive age were
defined as women 15–49 years (except in Mozambique
where reproductive age was considered to be 12–49
years). In India, male and female decision-makers were
approached for participation when they accompanied
women of reproductive age to the health centre. Culturally appropriate yet feasible strategies were employed to
approach, invite, and ensure participation of stakeholders at respective sites. These were designed to
strengthen the rapport with the community in a way
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Fig. 6 Study site map of India

that enabled participants to benefit from participation.
One benefit was for participants to freely discuss issues
related to pregnancy in the community. Participants
were approached by phone or face-to-face. Each FGD
included an average of 7 to 10 participants. No incentives were given for participation in FGDs; however refreshments and transport costs were provided in some
sites. Project staff arranged refreshments and provided
children with group play during the FGDs. The desired
number of FGDs was determined by data saturation,
and data collection stopped when saturation was
reached at each site [23]. The FGDs were transcribed
verbatim in local language and translated for analysis.
A total of 123 FGDs were completed, as determined by
data saturation (Table 1).
Centrally located venues were chosen to best accommodate participants: primary health centres, local households,
and other community gathering locations. Non-participants
were not present during FGDs with the exception of small
children in some cases. Community perspectives were
obtained from women of reproductive age (represented by

pregnant women and mothers of children under five
years of age), opinion leaders, religious leaders, village
community leaders, husbands, and male and female
decision-makers (including family members, and particularly mothers-in-law). In addition, FGDs were conducted with community health workers who were
represented by various cadres in the four countries:
Community Health Extension Workers (CHEW) in Nigeria,
Agente Polivalente Elementar (APE) in Mozambique, Lady
Health Workers (LHW) in Pakistan, and Accredited Social
Health Activists (ASHA), staff nurses and Auxiliary Nurse
Midwives (ANM) in India. In addition, a variety of other
health care providers were included given their key role in
health care service delivery: medical officers, obstetricians,
faith-based providers, and traditional birth attendants.
These groups were chosen to represent the breadth of the
communities’ views.
FGD guides were developed from the literature and
broadly categorized as knowledge and perceptions of
pregnancy [24, 25], maternal care seeking practices [26],
household and community dynamics [27, 28], use of
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Table 1 Distribution of focus group discussions at respective study sites
Level

Focus groups

Sites

Total

Mozambique Nigeria Pakistan India
Community

Women of reproductive age, and pregnant women

5

16

19

5

45

Male and Female decision makers (husband/partners, father in-law, & mother in-law) 10

4

7

6

27

Opinion/religious leaders or community stakeholders

1

4

-

2

7

Health committees

1

-

-

-

1

Care provider Community health care providers

5

7

7

4

23

Medical officers, and obstetricians

-

1

-

1

2

Nurses and midwives

-

4

-

4

8

Faith-based care providers

-

1

-

-

1

Traditional birth attendants

5

4

-

-

9

27

41

33

22

123

Total

alternative medicines and providers [29], as well as the
cost and availability of health care services and transport
[30]. The guides were translated into the local language
in all sites to best promote interaction with the community members and obtain the richest data: Yoruba in
Nigeria, Changana and Portuguese in Mozambique,
Sindhi and Urdu in Pakistan, and Kannada and Marathi
in India. Guides underwent pilot testing for content validity review by each country-specific research team, and
questions were adapted for cultural sensitivity and local
use. FGD guides developed for the study were semistructured to promote a natural discussion progression.
In-depth interviews

Interviews allowed rich in-depth data collection from
individuals [31]. Interviews were utilized for stakeholders
for whom convening groups was not always either feasible or appropriate. This included health care providers,
opinion leaders, and policy makers.
Interviewers were responsible for facilitating the discussion, recording field notes and audio. These researchers
were familiar with the study and received training on
qualitative data collection, qualitative data management,
ethical conduct and discussion guides. Many facilitators
had a medical background with experience in community
medicine or obstetrics, while the rest were qualitative
researchers. Facilitators were locally recruited based on
their research experience, community knowledge, familiarity with the health care system, and qualitative research
expertise. They were both men and women, and none
were the direct health care providers or supervisors of
participants. Approval for interviews was obtained by the
relevant community leaders or supervisors as needed. All
participants were briefed on the study prior to providing
written informed consent.
The participants were considered eligible for interviews if they expressed availability for at least 45 to
60 min, a willingness to participate, and met the desired

stakeholder description. A purposeful sample was used
in all sites, where eligible participants were selected with
the help of community representatives and hospital
administration, and were contacted in person or by
phone. All interviews were conducted privately, one-toone, which ensured no undue pressure or discomfort for
participants. Data collection was done at a place suitable
for the interviewees. Participants were provided compensation for their time in some sites, while others provided transport and refreshments only. The desired
number of interviews was determined by data saturation,
and data collection stopped when saturation was reached
at each site [23]. The interviews were transcribed verbatim
in local language and translated for analysis.
A total of 100 interviews were completed, as determined
by the data saturation (Table 2).
Interviewees included medical officers and obstetricians
from the public and private health care system. Traditional
health care providers, including female elders and traditional birth attendants, were interviewed in all sites, except
India. Various community and facility-level policy makers
were interviewed: local government representatives, nongovernmental organization representatives, hospital administrators, and community leaders.
Interview guides were developed for this study based
on key constructs and themes of interest: health care
related experience, obstetric knowledge, treatment practices, access to health care services, and health care
provider and community dynamics.
Interviews were conducted in a variety of languages –
English and Yoruba in Nigeria, Portuguese and Changana
in Mozambique, Sindhi and Urdu in Pakistan, and English
in India. Guides were pilot tested and modified based on
input from the research team and the field-test prior to
use. Semi-structured interviews allowed facilitators to
tailor questions and probes to the context and participants. The sessions began with broad questions to initiate
discussion. Some sensitive questions related to maternal
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Table 2 Distribution of in-depth interviews at respective study sites
Level
Policymakers

Care providers

Community

In-depth informants

Sites

Opinion leaders, and community stakeholders

Total

Mozambique

Nigeria

Pakistan

India

-

4

-

-

4

Head of local government and programme directors

-

7

-

-

7

Hospital administration and supervisors of community health workers.

3

12

10

-

25

Medical doctors, specialist/SOG member, obstetricians, reproductive-child
health officers, and private practitioners

5

11

9

12

37

Traditional birth attendants or traditional healers

5

5

7

-

17

Local NGO representatives

5

-

-

-

5

Knowledgeable women/matrons

5

-

-

-

5

23

39

26

12

100

Total

deaths were included; to mediate the possible negative
feelings associated with this discussion they were placed at
the end.
Participant observations

In Nigeria, observations were conducted for one full
antenatal clinic day in four primary health centres. A
community-based researcher was responsible for observing and recording the field notes during these observations.
Document review

Community health care providers deliver basic maternal
and child health services at the door step in many
LMICs [32, 33]; however, their training and experience
varies widely between countries [34, 35]. Systematic reviews of community health worker training curricula,
job descriptions, and practice guidelines were conducted
in all four countries to determine the community health
workers’ scope of practice and ability to participate in
the CLIP Trial. In addition, a review was conducted of
regional and facility-based policies and guidelines for the
management of pre-eclampsia. Finally, any regional or
national policies related to community health worker
provision of maternal services in country was reviewed
and summarized.
Data collection: quantitative methods

Quantitative methods were employed to determine community health care provider training needs, competence
and skills, as well as health care system organization and
infrastructural capacity in study areas.
Health facility assessment

Data collection tools for health facility capacity and
resource availability were based on the published literature and existing guides related to healthcare system
resources and capabilities for maternal, obstetric and
neonatal care in the context of developing countries
[36, 37]. The information collected matches in many

areas to the World Health Organization’s identified
‘service readiness indicators’ [38]. In addition, facility
assessment tools used in Mozambique were informed
by the 2012 Service Provision Assessment (SPA) survey
[39]. The scope of this assessment was to identify the
availability of basic, as well as comprehensive emergency
obstetric care (CEmOC) facilities, diagnostic services,
staffing, working hours, health facility utilization (outpatient/in-patient visits), referral points, cost of care, and
maternal mortality. Surveys underwent modifications in
each country before translation. All data collection tools
underwent pilot testing for content validity review by
each country-specific research team and questions were
adapted accordingly. Primary, secondary and tertiary
level health care facilities were surveyed after obtaining
consent on site. In addition, pharmacies were surveyed
(where relevant) to identify the availability and cost of
essential maternal and newborn commodities (Table 3).
Community health care provider questionnaire

Data were collected through self-administered questionnaires in Pakistan (LHWs), India (ANMs), and
Mozambique (APEs). Nigeria did not utilize this data
collection method (Table 4).
All community health care providers who were reachable at the time of data collection in the study areas
were approached for participation. Some health care
providers were on leave or otherwise unreachable at the
time of data collection and therefore were not included.
Participants were briefed on the questionnaire purpose
and general content prior to informed consent. Research
staff coordinated with district health authorities and
supervisors to recruit community health care providers.
Questionnaires were completed and collected on the
same day or within a week time, as feasible. Questionnaires were designed to obtain information concerning
health worker knowledge and skills to manage pregnant
women and to perform home-based treatment for
women with pre-eclampsia. Questions used a five-point
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Table 3 Health facilities surveyed
Facilities surveyed

Sites

Total

Mozambique

Nigeria

Pakistan

India

Public primary/secondary health facilities

54

47

14

17

132

Public tertiary care health facilities

2

1

1

2

6

Private secondary/tertiary health facilities

-

16

12

65

93

Laboratories

-

-

25

-

25

Drug stores/Pharmacies

-

-

81

-

81

Total

56

64

133

84

337

Likert scale. This format was appropriate for the large
sample size and to reflect participants’ attitudes. None of
the Likert questions were negatively worded. In addition,
one open-ended question was included at the end to
allow written responses with greater elaboration if
desired. Data collection was done in the health facility or
home to minimize the required time commitment and
maximize convenience. The data collector did not intervene during the questionnaire unless clarification was
requested.
Baseline household demographic and health survey

Individual and household level surveys were undertaken
in all study areas. The primary objective of this survey
was to establish baseline rates of maternal and perinatal
mortality and morbidity in study communities to confirm sample size. Second, this survey enabled researchers
to beta-test surveillance tools and data management
prior to the trial. The key variables on the baseline survey
questionnaire included household socio-demographic information, obstetric and general medical history over the
previous 12 months. The women of reproductive age,
living in the study catchments, and willing to participate
in the study were considered eligible for the survey. In
Nigeria, Mozambique and Pakistan individual data collection was performed by trained medical and/or research
staff. In India, these data were collected prospectively over
a 5-month period (Table 5).
Data quality control

Stringent quality control measures were employed at
each site. This included field supervisors and senior
social scientists who undertook spot visits to observe
Table 4 Self-administered health care provider questionnaires
Community health care providers

Country

Numbers

Lady health workers

Pakistan

458

Auxiliary nurse midwives

India

8

Staff nurses

India

2

Agente Polivalente Elementar

Mozambique

Total

81
549

data collection procedures. Photographs, audio recordings, field site data checks, peer debriefing, real-time
data entry, and computer-assisted data analysis were also
used to maintain data quality. Reflexivity and data triangulation are widely cited methods of ensuring rigor
and quality control in the qualitative research [40, 41].
In this study, the data collectors undertook both self and
group reflections after FGDs and interviews. These
reflections and debriefing were instrumental in contextualizing the data, as well as ensuring a transparent
process. Data triangulation between multiple methods of
data collection was helpful to validate information from
a diverse range of participants.
Project management and oversight were the responsibility of the central CLIP Co-ordinating Centre at the
University of British Columbia, in collaboration with the
local principal investigators. Collaboration took the form
of frequent email communication, teleconferences, and
site visits.
Data management and analysis
Qualitative data

Digital voice recorders and hand written field-notes were
used to record discussions during focus group discussions and interviews. Analysis was conducted in Sindhi
in Pakistan, in English in India and Nigeria, and in a
combination of English and Portuguese in Mozambique.
All translations were confirmed by multiple researchers
with back-translation of data segments for quality control. Each FGD and interview was assigned a unique
identification number, and photographs taken during
data collection and reflection notes were attached to
transcripts for analysis. The number of data coders
varied by country: one in Pakistan, one in India, one in
Nigeria, and two in Mozambique. All coded transcripts
in India and Nigeria were cross-checked by the local
research team to resolve or clarify any misinterpretation
of the data. Thematic analysis (combining inductive and
deductive approaches) was performed in country by the
local country team or analysis was supported by the central trial team, as required. Using deductive reasoning,
the results were grouped into predetermined categories
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Table 5 Estimated sample size for baseline survey at the
community
Country

Numbers of households/women

Pakistan

88,410 households

Nigeria

32,042 households

India

5189 women

Mozambique

50,493 households

Total

of key themes related to the discussion guides. During
analysis, inductive reasoning was used to incorporate
new and unexpected ideas. This produced a comprehensive analysis structure to reflect the richness and variety
of responses. Data were analysed using NVivo 10 software (Fig. 7).

Quantitative data

Data consistency checks were established in the data
entry software. Data were double entered in real time,
and cleaned prior to analysis. SPSS 19 (IBM, Armonk,
NY, USA) Epi Info 7 [CDC, Atlanta, GA, USA], or Stata
13 (Stata Corp. College Station, Texas, USA) were used
to calculate frequencies and proportions.
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Ethics approval

The CLIP Trial was registered at Clinicaltrials.gov. The
Clinical Research Ethics Board of the University of British
Columbia, Vancouver Canada, approved the CLIP Trial
feasibility work (ETHICS # H12-00132). Institutional
ethics approvals were also obtained from all participating
sites: Ethics Review Committee at Aga Khan University in
Karachi, Pakistan (ERC # 1917-OBS-ERC-11); Health Research Ethics Committee at Olabisi Onabanjo University
Teaching Hospital in Sagamu, Nigeria (ETHICS # 326/
431); Bioethics Committee at Manhiça Health Research
Centre in Mozambique (ETHICS # CIBS 05/013); and
Institutional Ethics Committee at Karnataka Lingayat
Education University’s Jawaharlal Nehru Medical College
in India (ETHICS # MDC/IECHSR/2012-13/A-12).

Results
Refer to CLIP Trial feasibility publications in the current
and/or forthcoming supplement.
Discussion
Feasibility studies are critical to understand the context
of intervention prior to clinical trials. Such studies enable researchers to capitalize on facilitators, to remediate

Fig. 7 Steps of qualitative data analysis using QSR NVivo-10. FGD, focus group discussion; IDI, in-depth interview
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Fig. 8 Understanding the context of interventions to maximize the CLIP package utilization. CHWs, community health workers, CLIP, community
level interventions for pre-eclampsia; PE/E, pre-eclampsia/eclampsia

barriers, and to tailor operational aspects of interventions in advance of the trial [42]. Moreover, lessons from
feasibility studies are instrumental to guide post-trial
program scale-up. It is often argued that interventions
shown to have promising results in a trial context are not
able to be integrated into existing systems post-trial.
Therefore, feasibility assessments, guided by robust
methods, play a pivotal role in informing the fate of the
trial in terms of implementation and post-trial scale-up.
According to Lewin, qualitative research is rarely combined with randomized control trials (RCTs), as it was
used in only 23 out of 100 RCTs published in English
language during 2001–2003 [43]. An exclusively quantitative or qualitative approach cannot appropriately assess
the feasibility of a large multi-country community-based
clinical trial. A mixed methods design has advantages for
validation, contextualization, and triangulation [44].
The mixed method study design used for this study
has generated a useful framework which can be employed
for future research aiming to evaluate the feasibility of
large scale public health interventions. All data collection
tools will be made readily available and open access once
the primary study results of the trial have been accepted
for publication.
The feasibility studies highlight enabling factors including need for community mobilization, awareness raising
programs, institutional support, community safety nets for
emergency funds, and system integration. Whereas, impeding factors included delays in care seeking, knowledge
gaps, lack of trained human resource, cultural myths and
misconceptions, high cost of care, and poor health service
quality. Lessons learned from this study were used to
establish research processes and infrastructure to pave the
way for the implementation of the CLIP Trial and post-

trial program scale-up should the trial be successful in
reducing maternal and perinatal mortality and morbidity
(Fig. 8).
Findings also informed local investigators, health practitioners, policy makers, and international research partners on
the feasibility of implementing a community level package of
care to identify, triage and treat women with pre-eclampsia
and eclampsia. Combined FGDs for women of reproductive
age- and mothers-in-law, husbands- and fathers-in-law may
limit generalizability of study results. First, it could possibly impede open dialogue because of potential cultural barriers
whereby young people are unlikely to oppose senior members
of the family. Second, it could cause social desirability bias
whereby participants respond in a manner that was
considered favourable by other family members.

Conclusions
Feasibility assessments for community level interventions,
particularly those involving task-shifting across diverse regions, required an appropriate theoretical framework and
careful selection of research methods. The use of qualitative and quantitative methods increased the data richness
to better understand the community contexts. The methodological aspects described in this paper can provide
guidance for similar studies in other settings.
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Abstract
Aim: Patients with metastatic prostate cancer invariably
progress after primary androgen ablation and develop
castration-resistant disease after a median time of 18-24
months. We report our early experience with docetaxel
based chemotherapy in patients with mCRPC.
Methods: Patients with rising serum Prostate-specific
antigen, increasing extent of disease on bone scans and
physical findings. All eligible patients with no previous
treatment with any cytotoxic drug and having a good ≥80
Karnofsky performance status were included into the
study.
Results: 85 patients with metastatic prostate cancer
presented with progressive disease following ADT. 67
(78.82%) patients with a mean age of 67.05 ± 2.11
accepted further treatment with docetaxel based
chemotherapy, whereas the remaining 18 (21.18%)
patients with mean age of 68.0 ± 4.47 years did not
undergo further treatment. The overall survival was 32.61
± 6.09 months in patients receiving docetaxel based
chemotherapy as compared to 12.83 ± 2.40 months in
patients in the no treatment group. The Serum PSA values
at 3 and 9 months after initiation of treatment showed a
downward trend in all the three risk groups receiving
docetaxel.
Conclusions: In our study the overall survival was 32.61 ±
6.09 months in patients receiving docetaxel. Serum PSA
decline rates at least 50% from baseline was seen in
34.32% of patients at 3 months on docetaxel treatment.
Docetaxel was also effective in pain reduction, decline in
serum PSA levels and improvement in health related
quality of life. Our study demonstrates significant
response rates to docetaxel chemotherapy but that a
considerable number of patients had treatment-related
complications. This highlights the need for careful patient
selection and optimization of chemotherapy dosing.
Keywords: Prostate cancer; Metastatic; Castrationresistant; Docetaxel

Introduction
Prostate cancer (PC) is the second most common cause of
cancer and the sixth leading cause of cancer death among men
worldwide. The worldwide PC burden is expected to grow to
1.7 million new cases and 499,000 new deaths by 2030 simply
due to the growth and aging of the global population [1].
Prostate cancer may be curable in early stage disease, with the
prostate cancer specific survival well over 90% at 15 years in
some subgroups [2]. Androgen deprivation therapy (ADT) has
become the primary treatment of metastatic prostate cancer.
However, most men will progress on androgen-deprivation
therapy and develop castration resistant prostate cancer
(CRPC) [3].

Prostate cancer is a heterogeneous disease and contains
cells that are androgen-sensitive and those that are androgenresistant [4]. It is hypothesized that the androgen-resistant
cells are eventually responsible for the failure of androgen
deprivation therapy. CRPC is known to progress despite
castrate levels of testosterone as a result of androgen receptor
amplification [5,6]. It has also been suggested that reactivation
of previously down-regulated androgen receptors could
possibly be the mechanism of CRPC [7]. Till a decade ago there
was no single agent or combination of agents that improved
survival once CRPC developed. In 2004, two large randomized
clinical trials showed a survival advantage of docetaxel based
chemotherapy over mitoxantrone in patients with metastatic
CRPC [8]. We report our early experience with docetaxel based
chemotherapy in patients with metastatic CRPC.

Materials and Methods
Study period
During the study period July 2007 to March 2016 patients
with metastatic prostate cancer presenting to the Urological
services of the Hospital formed the study group following the
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best ethics criteria according to the University/Institutional
ethical committee.

Patients
Patients with mCRPC and aged ≥80 years having rising
serum Prostate-specific antigen (PSA), increasing extent of
disease on bone scans and physical findings, following
androgen deprivation therapy were included into the study.

Variables
All the eligible patients underwent a detailed physical
examination, routine blood and serum biochemistry tests
(renal function tests, hemoglobin, blood sugar). Imaging
studies included ultrasonography of the bladder and pelvis,
Computed tomography scans of pelvis, MR Imaging and
radionuclide bone scans. All eligible patients with no previous
treatment with any cytotoxic drug and having a good ≥80
Karnofsky performance status (KPS) were earmarked to receive
docetaxel based chemotherapy.
All eligible patients received docetaxel 75 mg/m2 every
three weeks and oral prednisone 5 mg twice daily. Treatment
was continued until disease progression, occurrence of
unacceptable adverse effects or a minimum of 10 cycles of
docetaxel. The primary endpoint was overall survival and the
secondary endpoints were pain reduction, serum PSA decline
rates of at-least 50% from baseline, quality of life and objective
tumor response. The decline in serum PSA levels and overall
survival was analyzed in relation to four independent baseline
risk factors (i.e. Pain, visceral metastases, anemia and bone
scan progression) which were further classified into group 1
(zero to one risk factor), group 2 (two risk factors) and group 3
(three to four risk factors). Pain was assessed using visual
analogue scale (VAS) and the need for analgesia. The
Functional Assessment of Cancer Therapy-Prostate (FACT-P)
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questionnaire was used to measure the health related quality
of life in all these patients. Individual patient data were
tabulated and summarized using descriptive statistics. Overall
survival was calculated using the Kaplan-Meier method. All
statistics were calculated using SPSS software package version
20.0.

Results
During the study period 85 patients with metastatic prostate
cancer presented with progressive disease following ADT.
Progressive disease was diagnosed by rising serum PSA levels
in 70 (82.35%) patients and on increasing extent of disease on
bone scans and physical examination in the remaining 15
(17.64%) patients. The mean duration of time following ADT
was 33.5 ± 1.94 months. Following detailed examination and
counseling 67 (78.82%) patients accepted further treatment
with docetaxel based chemotherapy. The remaining 18
(21.18%) patients did not undergo further treatment because
of various reasons including unaffordability and inability to
continue further treatment. Fifteen (17.64%) of these 85
patients had undergone radical prostatectomy in the past and
the remaining were diagnosed with metastatic disease at
presentation.
The mean age, pretreatment serum PSA values, percentage
of patients with similar risk factors were similar in both these
groups of patients (Table 1). The Karnofsky performance status
(KPS) of the patients in both the groups was similar. The serum
PSA values at 3 and 9 months after initiation of treatment
showed a downward trend in all the three risk groups receiving
docetaxel (Table 2 and Figure 1). Serum PSA decline rates at
least 50% from baseline was seen in 34.32% of patients at 3
months on docetaxel treatment. VAS scores and the need for
analgesia significantly decreased following the initiation of
docetaxel based chemotherapy.

Table 1 Pre-treatment parameters of the patients with mCRPC.
Parameters

Docetaxel Group n=67

No treatment Group n=18

p-value

Number of patients

67 (78.82%)

18 (21.18%)

-

Age (mean yrs)

67.05 ± 2.11

68.00 ± 4.47

0.104

Pre-treatment PSA (ng/ml)

11.05 ± 2.90

12.05 ± 2.62

0.612

Risk Factors 0-1

26 (38.80%)

7 (38.88%)

-

Risk Factors 2

30 (44.77%)

7 (38.88%)

-

Risk Factors 3-4

11 (16.41%)

4 (22.22%)

-

KPS 100

23 (34.32%)

6 (33.33%)

-

KPS 90

35 (52.23%)

9 (50%)

-

KPS 80

9 (13.43%)

3 (16.66%)

-

The most common adverse reactions seen in the docetaxel
group were anemia, febrile neutropenia, neuropathy, dyspnea,
anorexia, fluid retention, asthenia, mucositis, alopecia and
myalgia. In 20 (29.85%) patients on docetaxel, the

2

chemotherapy cycles needed to be interrupted due to
neutropenia and asthenia. However all the patients completed
10 cycles of docetaxel based chemotherapy. During the
This article is available from: http://www.transbiomedicine.com/
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therapy 15 (22.38%) patients on docetaxel therapy needed
blood transfusions.
Table 2 Decline of Sr. PSA levels following initiation of chemotherapy.
Parameters

Docetaxel Group

No treatment Group

Initial PSA

PSA after 3 M

PSA after 9 M

Initial PSA

PSA after 3 M

PSA after 9 M

Risk Factors 0-1

10.5 ± 1.72

4.5 ± 1.40

1.0 ± 0.51

9.00 ± 1.49

23.00 ± 3.72

26.00 ± 3.45

Risk Factors 2

12.0 ± 0.83

8.0 ± 1.05

5.0 ± 1.93

13.00 ± 1.11

33.00 ± 5.12

38.00 ± 4.49

Risk Factors 3-4

18.0 ± 3.05

14.0 ± 1.52

12.0 ± 1.52

14.50 ± 0.95

36.50 ± 6.37

47.00 ± 4.64

All patients

11.06 ± 2.96

6.67 ± 3.31

3.89 ± 3.99

12.06 ± 2.62

30.11 ± 8.10

34.78 ± 9.08

Figure 1 Post-treatment decline in serum PSA in various risk groups.
The overall survival was 32.61 ± 6.09 months (95%
confidence interval) in patients receiving docetaxel based
chemotherapy as compared to 12.83 ± 2.40 months (95%
Confidence Interval) in patients in the no treatment group. The
overall survival (OS) was better in patients with least risk
factors (Table 3 and Figure 2). During the course of treatment
13 patients in the docetaxel group needed to be treated with
bone targeted radioisotope therapy using phosphorous-32 for
relief of pain. The pain response rate in this group was 76.92%,
PSA response was seen in 84.61% and OS was 29 months.

© Copyright iMedPub

Table 3 Overall survival in months.
Parameters

Docetaxel Group
(67)

No Treatment Group
(18)

p-value

Risk Factors
0-1

38.25 ± 2.05

15.42 ± 1.61

0.0001

Risk Factors
2

28.66 ± 1.65

11.57 ± 0.53

0.0001

Risk Factors
3-4

23.00 ± 1.00

10.50 ± 0.57

0.005

All Patients

32.61 ± 6.09

12.83 ± 2.40

<0.000
1

3
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FACT-P scores showed marked improvement in 43.28% of docetaxel group was in the subscale representing prostatepatients following completion of chemotherapy and was specific concerns (including weight loss, appetite, pain,
significantly higher than compared to patients not receiving physical comfort, and bowel and genitourinary function).
any treatment (P<0.0001). The greatest benefit in the

Figure 2 Kaplan Meier overall survival function shows significant increase in the Docetaxel group.

Discussion
About 10-20% of men with prostate cancer present with
metastatic disease, and in many others, metastases develop
despite treatment with surgery or radiotherapy. In about 80
percent of men, primary androgen ablation leads to
symptomatic improvement and a reduction in serum levels of
prostate-specific antigen (PSA), but in all patients the disease
eventually becomes refractory to hormone treatment after a
median time of 18-24 months [3]. Castration-resistant prostate
cancer is defined by disease progression despite androgen
depletion therapy and may present as either a continuous rise
in serum prostate-specific antigen levels, the progression of
preexisting disease, and/or the appearance of new
metastases.
In our study, 78.82% of very elderly (age ≥80 years) patients
were able to complete planned treatment; however, a
considerable proportion required dose alterations, highlighting
the difficulties in determining optimal dosing in patients of
advanced age. Similar findings have been reported in a
retrospective series of 159 Japanese patients aged ≥75 years

4

who received docetaxel in the community setting, in which
87% of patients required dose modifications [9]. Although
secondary hormonal manipulations (e.g. corticosteroids,
estrogens and ketoconazole) can benefit a subset of men with
metastatic castrate-resistant prostate cancer (mCRPC), this
benefit is usually short lived and until recently there was no
evidence that secondary hormonal therapies could improve
overall survival (OS) [10]. The options then include
symptomatic care with narcotic analgesics, radiotherapy to
dominant sites of bone pain, treatment with bone-seeking
isotopes such as strontium-89, and cytotoxic chemotherapy
[10,11].
Docetaxel and prednisone in combination are currently
considered the standard of care for men with CRPC with
detectable metastatic disease. Docetaxel is a taxane drug that
induces polymerization of microtubules and phosphorylation
of bcl-2 protein. Tannock et al.[12] randomized 1006 patients
to one of three treatment arms: docetaxel (75 mg/m2
intravenously every 3 weeks), docetaxel (30 mg/m2 5 times
weekly for 5 of 6 weeks), or control therapy with
mitoxantrone. The patients in our study also received oral
This article is available from: http://www.transbiomedicine.com/
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prednisone 5 mg daily twice. Thus improved survival was
observed with docetaxel (every 3 weeks) compared with
mitoxantrone-prednisone median survival, 18.9 vs. 16.5
months; hazard ratio [HR]=0.76 (95% confidence interval (CI),
0.62-0.94), two-sided p=0.009). No overall survival benefit was
observed with docetaxel given on a weekly schedule (HR=0.91,
(95% CI, 0.75-1.11), two-sided p=0.36). Similar results were
reported by Petrylak et al. [12] study on 666 eligible patients
randomized to docetaxel and estramustine (EMP) or
mitoxantrone- prednisone. In addition to dexamethasone
premedication, patients in the docetaxel arm also received
warfarin and/or acetylsalicylic acid (ASA) as thrombosis
prophylaxis during the course of the trial.
Several investigators have reported that a PSA decline of
≥30% within 3 months of treatment with docetaxel or
mitoxantrone has the highest degree of surrogacy for OS.
Analyzing their series reported on four independent baseline
factors (i.e. pain, visceral metastases, anemia and bone scan
progression) that predicted PSA decline of ≥30% within 3
months of treatment with chemotherapy. On the basis of this
finding, we developed three risk groups with a median OS of
25.7 months (0-1 risk factors), 18.7 months (2 risk factors) and
12.8 months (3-4 risk factors) [12-15]. Similarly, our results
showed Serum PSA decline rates at least 50% from baseline
was seen in 34.32% of patients at 3 months on docetaxel
treatment. In our study the overall survival was 32.61 ± 6.09
months in patients receiving docetaxel. Serum PSA decline
rates at least 50% from baseline was seen in 34.32% of
patients at 3 months on docetaxel treatment. Docetaxel was
also effective in pain reduction, decline in serum PSA levels
and improvement in health related quality of life. In our study
over 59.70% of the patients on docetaxel therapy had minor
side effects.
However, as of today there are no tools to predict the
benefit of chemotherapy in an individual patient with mCRPC.
Further, In a post docetaxel setting, the number of progression
factors (PSA, pain, and tumor size), duration of therapy and
whether progression occurred during or after the treatment
with docetaxel independently predicted post-progression
survival in men with mCRPC [16]. These predictors of survival
may be useful for prognostication as well as for stratification in
and interpretation of clinical trials and sample size planning.
Chemotherapy can reduce serum PSA levels in patients with
mCRPC and known to relieve pain in some patients, but
tolerability is of concern, particularly since most patients are
elderly and many have other medical problems. Both the TAX
327 and SWOG 99-16 studies have shown improved survival
for patients receiving 3 weekly docetaxel over mitoxantrone,
with acceptable toxicity rates. In TAX 327 trial, it was noted
that patients in the docetaxel arm were more likely to have at
least one serious adverse event (26% vs. 20%) than the
mitoxantrone arm. In SWOG 99-16 trial, 16% of the patients in
the docetaxel group and 10% in the mitoxantrone group were
withdrawn from the study as a result of adverse events. Grade
3 and 4 febrile neutropenia, cardiovascular events, and
neurologic events were significantly higher in the docetaxel
group [12,13]. In our study too over 59.70% of the patients on
docetaxel therapy had minor side effects, 29.85% patients
© Copyright iMedPub
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needed interruption of the therapy due to neutropenia and
severe asthenia. However all the patients completed 10 cycles
of docetaxel based chemotherapy and 22.38% of patients
needed blood transfusions. Several docetaxel combinations
have been evaluated in phase 2 studies for mCRPC, including
combinations with tyrosine kinase inhibitors, angiogenesis
agents and immunologic agents [17].

Conclusions
In conclusion, Docetaxel remains the mainstay
chemotherapeutic option in the management of mCRPC. The
selected fit elderly patients appear to tolerate docetaxel and
develop clinical benefit from treatment, but optimal dosing
remains unclear, as pharmacokinetic changes with aging could
potentially alter drug exposure and metabolism. Novel
hormonal agents such as abiraterone and enzalutamide are
striking substitutes in elderly patients due to lower rates of
myelosuppression, though optimal treatment sequencing is
not yet known. Comprehensive geriatric evaluation is likely to
be helpful in determining patients at risk of increased toxicity,
but is time-consuming and challenging to implement in a busy
oncology practice. However, our study demonstrates
significant response rates to docetaxel chemotherapy but that
a considerable number of patients had treatment-related
complications. This highlights the need for careful patient
selection and optimization of chemotherapy dosing.
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Objective: To assess the outcome of single stage dorsolateral onlay buccal mucosal
urethroplasty for long anterior urethral strictures (>4cm long) using a perineal incision.
Materials and Methods: From August 2010 to August 2013, 20 patients underwent
BMG urethroplasty. The cause of stricture was Lichen sclerosis in 12 cases (60%),
Instrumentation in 5 cases (25%), and unknown in 3 cases (15%). Strictures were approached through a perineal skin incision and penis was invaginated into it to access
the entire urethra. All the grafts were placed dorsolaterally, preserving the bulbospongiosus muscle, central tendon of perineum and one-sided attachement of corpus spongiosum. Procedure was considered to be failure if the patient required instrumentation
postoperatively.
Results: Mean stricture length was 8.5cm (range 4 to 12cm). Mean follow-up was 22.7
months (range 12 to 36 months). Overall success rate was 85%. There were 3 failures
(meatal stenosis in 1, proximal stricture in 1 and whole length recurrent stricture in
1). Other complications included wound infection, urethrocutaneous fistula, brownish
discharge per urethra and scrotal oedema.
Conclusion: Dorsolateral buccal mucosal urethroplasty for long anterior urethral strictures using a single perineal incision is simple, safe and easily reproducible by urologists with a good outcome.

Keywords:
Urethral Stricture; Mouth
Mucosa; Reconstructive Surgical
Procedures

INTRODUCTION
Urethral stricture is a common disease encountered by urologist. Exact incidence in Indian
population has not been reported. Reconstruction
of long and complex anterior urethral strictures
is technically demanding. Long anterior strictures
with dense focal narrowing and scarred, extremely narrow urethral plates, fistula or infection
are best managed with staged procedures (1, 2).
Those with a salvageable urethral plate are being
increasingly managed with a single stage repair
using genital or non-genital tissues grafts/flaps (3,
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4). Since Suprechko’s first description of buccal
mucosa used as a graft in 1886, it has become
the tissue of choice for urethral reconstruction (5).
Its popularity can be credited to extensive work
by Braca and Barbagli. It is readily available and
easily harvested with minimal donor site morbidity. Buccal mucosa is hairless, has a thin, elastin
rich epithelium giving it excellent handling characteristics and a highly vascular lamina propria,
which facilitates harvesting and imbibition. The
ideal location for BMG onlay has been debated for
quite some time. There is now adequate evidence that dorsal onlay has an edge over the ventral
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onlay technique, especially in the penile urethra
(5-7). Recently Barbagli and Kulkarni have proposed one-sided mobilization of the urethra with
sparing of central tendon of perineum and dorsal anterior/lateral placement of the BMG in order
to preserve the blood supply to the urethra and
neuro-vascular integrity of the bulbospongiosus
muscle respectively (8, 9).
We present our experience single stage
urethroplasty with dorso-lateral onlay of BMG
for long strictures of anterior urethra approached
through a perineal incision.
MATERIALS AND METHODS
The study was conducted between August 2010 and August 2013. Approval was taken
from the hospital ethical committee. Patients
who presented to us with anterior urethral strictures (>4cm measured on RGU) were included in
the study. Each patient was evaluated by detailed
history, physical examination, uroflow with post
void residual urine, RGU and VCUG, and other
routine investigations necessary for surgery. A
suprapubic catheter was placed pre-operatively
in those presenting with acute retention of urine
and/or with altered renal parameters. The cause of
stricture was Lichen sclerosis in 12 cases (60%),
instrumentation in 5 cases (25%), and unknown
in 3 cases (15%).
Exclusion criteria were previous failed urethroplasty, urethral abscess, urethral fistulas and a
scarred and unsalvageable urethral plate.
Uroflowmetry and measurement of post-void residue was done at 1 month, 3 months and
6 months after surgery and every 6 months for the
first 3 years thereafter. Those who had a recurrence of voiding symptoms with an objective evidence on uroflow study underwent imaging and/
or cystoscopy to identify the site of re-stricture.
These cases were considered as treatment failures.
Operation was performed under general anesthesia with nasal intubation. Two teams
worked simultaneously, one at the donor site and
other at the recipient site. Urethroscopy was performed using a 6-7.5Fr semi rigid (Karl Storz) ureteroscope and a hydrophilic (Terumo) guide wire
was passed into the bladder. A 5fr ureteric catheter

was guided over it and the ureteric catheter was
secured with a stich on the glans. A midline perineal skin incision is made; the bulbar urethra
is exposed, preserving the midline tendon of the
perineum and bulbospongiosus muscle (Figure-1).
The involved bulbar urethra is dissected off the
corpora cavernosa on the left side, so as to leave
the right half attached and preservation of its lateral blood supply.
The penis is invaginated into the perineal
incision and the involved segment of penile urethra
is similarly dissected of corpora cavernosa along
the left side. On the left side urethra is partially rotated and the dorso-lateral surface is incised exposing the lumen (Figure-2). The incision is extended
for about 1cm beyond the stricture segment at both
ends. The proximal and distal lumen is calibrated
to ensure adequate patency. In case of strictures exFigure 1 - Dissection up to level of bulbo spongeosis with
long stricure in penile and bulbar urethra.
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Figure 2 - Dissection of right half of copus spongiosum off
the copora cavernosa dorsally and opening of the stricture
segment Note: Bulbo spongiosus muscle being retracted
down to facilitate exposure.

Figure 3a - Buccal mucosa graft placed in position by
quilting over the tunica of corpora cavernosa.

tending up to the external urethral meatus, a dorsal
meatotomy is performed from the meatus, through
the urethra inside the glans, connecting it to the
dorso-lateral incision in the distal penile urethra.
The buccal mucosa is harvested from the
inner cheek (one or both sides, depending on the
length required). The inner cheek from just inside
the labial angle up to the retromolar trigone is marked, keeping 0.5cm away from the opening of the
Stensen duct, to obtain a buccal graft of 2.5-3cm
width and 6-7cm length. We use a 26 gauge needle
to infiltrate dilute (1:200000) adrenaline under the
marked portion of the mucosa. The edges are incised, 2 stay sutures are placed at the distal corners
of the graft using 3-0 chromic catgut, for traction.
Once the graft is harvested, the raw area is allowed to epithelize secondarily. The graft is defatted,
trimmed to an appropriate shape and used as an
onlay. We do not perform a primary closure of the
mucosal defect.

The buccal mucosal graft is trimmed to an
appropriate size and is spread and fixed (quilted)
over the exposed half of the corpora. The edges of
the graft are sutured to the corresponding edges of
the opened urethral lumen using 4-0 polygalactin
sutures (Figures 3a, 3b and 3c) over a 14Fr silicone
Foley’s catheter. In those cases with external urethral involvement, the dorsal meatotomy incision
allowed us to widen the narrow meatus/fossa navicularis region and draw the graft in through the
glans from the distal urethrotomy and place it right
up to the tip of the external meatus (Figures 4a and
4b). After completion of anastomosis, the wound is
closed in layers (Figure-5). The periurethral catheter
is left in-situ for 3-4 weeks.
RESULTS
Twenty patients were included in the study
(Table-1). Mean age of patients was 39±7.867 year
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Figure 3b - Intra operative image showing placement of
buccal mucosal graft.

Figure 4a - Dorsal meatotomy and graft placement at the
external urethral meatus.

Figure 3c - Intra operative image showing completed graft
placement. Note: Partial mobilization of corpus spongiosum.

Figure 4b - Graft placement covering entire length of
stricture and extending into fossa navicularis.
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was 6.25±1.070 days (range 5-9 days). None of
the patients required peri-operative blood transfusions.
Mean follow-up was 22.7±4.105 months
(range 12 to 36 months). Treatment was successful
in 17 (85%) and failed in 3 (15%). These 3 patients
presented with decreased flow rates of<9mL/sec
after 1-3 months. VCUG revealed a stricture at the
proximal end of the graft in 1 (confirmed by urethroscopy), meatal stenosis in 1, and 1 had recurrent stricture along the whole length of the graft.
Recurrent stricture was treated by DVIU.
Meatal stenosis was managed by a meatotomy.
The patient who had recurrent stricture of the
whole length was planned for revision urethroplasty but he lost follow-up.
Other complications included scrotal oedema in 3 (17.6%), 3 patients (17.6%) had brownish
discharge through external meatus and 2 (10%)
patients had wound infection (Figure-3). One of
these patients of wound infection had an urethrocutaneous fistula, which presented to us 3 weeks
after catheter removal. None of the patients in our
study had postoperative chordee, diverticulum
formation or post void dribble.

Figure 5 - Completed graft anastomosis.

DISCUSSION
(range 18 to 56 years). Mean stricture length was
8.5±1.395cm (range 4 to 12cm). Mean operative
time was 140±11.337 min (range 120-180 min).
The mean postoperative Qmax at the 12-month
follow-up was 24±3.162mL/sec (range 18-32mL/
sec). None of these patients had any significant
post void residual urine. The mean hospital stay

BMG augmentation urethroplasty has
become the standard of care for long urethral
strictures. Whether to place the graft dorsally,
ventrally or laterally is controversial. Dorsal placement of graft has advantage of using corporal
bodies to provide a secure well vascularized graft
bed that helps to prevent protrusion of the graft

Table 1 - Patient demographics, operative and follow up data.
Total no of patients, n =20

Range

Mean ± standard deviation

Age, in years

18-56

39±7.867

Stricture length, in cm

4-12

8.5±1.395

Operative time, in min

120-180

140±11.337

Hospital stay, in days

5-9

6.25±1.070

Post-operative Qmax (12 month), in mL/sec

18-32

24±3.162

Follow-up, in months

12-36

22.7±4.105
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with resulting pseudo-diverticulum formation. In
addition, this spread BMG fixation preserves graft
width and hence urethral caliber (10). On the other
hand ventral location provides the advantage of
ease of exposure and good vascular supply by
avoiding circumferential rotation of urethra. Ventral urethrotomy allows the lumen to be clearly
delineated, thus enabling the surgeon to identify
mucosal edges, measure the size of the plate, carry out water tight anastomosis and if necessary,
excise a portion of the stricture and perform dorsal re-anastomosis (3, 11). Barbagli et al., in 2005
published a retrospective study of 50 cases with
bulbar urethral stricture where buccal mucosa
graft urethroplasty was done. Grafts were placed
as ventral, dorsal and lateral onlay in 17, 27 and
6 patients respectively. After a mean follow-up of
42 months, placement of graft into ventral, dorsal
or lateral surface of the bulbar urethra showed similar results (12).
Later in 2008, Barbagli et al. showed that
the dorsal urethral surface could be easily approached leaving the bulbospongiosum muscle and
central tendon of the perineum intact, thus preserving the branches of perineal nerves from surgical
injury. The bulbospongiosum muscle is primarily
responsible for ejaculation because of its rhythmic
contractions with other perineal muscles to expel
semen from the urethra. It may also have an important role in expelling urine (8).
Kulkarni et al. published their series of 24
patients in 2009, wherein they described a new technique of one-sided anterior dorsal oral mucosal graft
urethroplasty while preserving the lateral vascular
supply to the urethra, the central tendon of the perineum, the bulbospongiosum muscle and its perineal
innervation and showed a success rate of 92%. They
also reported that the factors such as age, cause of
stricture, length and prior instrumentation previously said to have influence on any kind of urethroplasty have no effect on the success rate, suggesting
that other factors (possibly vascular and neurogenic
injury) may play an important role in determining
stricture recurrence (9).
In our series of 20 patients overall success
was 85%, in a mean follow-up of 22.7 months. We
feel that with a single perineal incision and invagination of the penis, adequate exposure of the

whole anterior urethra is possible. This approach
avoids a separate penile skin incision, making it
more cosmetic and also reduces the chances of development of urethrocutaneous fistulas. One-sided
dissection of the anterior urethra from the corpora
cavernosa allowed us to visualize the urethral lumen with minimal rotation of the urethra. Also,
placement of a guide wire/urethral catheter in the
urethral lumen acts as a valuable guide while incising the urethra. We were able to avoid creating false passages, especially in very narrow or
scarred portions of the stricture by this maneuver.
None of the patients on our series had post void
dribble following the procedure.
All 3 failures occurred in the early days of
the study period. The patient who developed meatal stenosis had a Lichen sclerosus stricture involving the external meatus. The dorsal meatotomy
incision that we used in such cases for laying the
buccal mucosa on the glans portion of the distal
urethra was probably of insufficient depth/width.
He was treated by a simple meatotomy, which was
sufficient. The cause for stricture at the proximal
anastomotic site was similarly due to a failure to
achieve mucosa-to-mucosa approximation of the
graft and healthy urethra. This was managed by
DVIU and the patient remained symptom free till
the end of follow-up period. The patient with recurrent pan-urethral stricture was a chronic tobacco chewer and had to quit only 2 months prior
to surgery. This could have resulted in a sub-optimal buccal mucosa graft.
Scrotal oedema in 3 (17.6%) was managed conservatively with scrotal support, and oral
serratiopeptidase twice a day for 3 days. Three
patients (17.6%) had brownish discharge through external meatus that was managed by gently squeezing the shaft from penoscrotal region
till the meatus, which subsided in 3 days. This
discharge was probably the collected blood that
was retained in urethra during dissection. Two
patients (10%) had wound infection and they
were managed by regular dressings. One of these
patients of wound infection had an urethrocutaneous fistula, which presented to us 3 weeks
after catheter removal. He underwent reinsertion
of suprapubic catheter & regular dressings. A
VCUG done 3 weeks later showed resolution of
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the fistula tract, so the suprapubic catheter was
removed. These patients of wound infection had
prolonged hospital stay.
Our results are comparable with those published by Kulkarni et al. in 2009, using the same
technique (9). Limitations of our study are small
number of patients and a short follow-up period
of 22.7 months.
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CONCLUSIONS
Dorsolateral placement of buccal mucosa
graft for long anterior strictures is minimally invasive, safe and has good outcomes with short to
intermediate length of follow-up. Further studies
on larger series of patients are necessary to confirm that preservation of the one-sided lateral vascular supply to the urethra and its entire muscular
and neurogenic support reduces the incidence of
stricture recurrence, post void dribble and ejaculatory dysfunction.
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Background: Dried blood spots (DBS) are
an important form of bio-sampling and valuable approach for storing blood samples
for genetic studies. This has necessitated
in developing an effective protocol to isolate genomic DNA (gDNA) from DBS samples.In this study, we have elucidated a dependable and non-hazardous “single lysissalting out” (SLSO) protocol of gDNA extraction from DBS and compared against
the available commercial kits. Methods: For
the purpose of this study, blood spots were
collected on S&S 903 filter cards from 10
healthy volunteers and 30 patients with
glutaric aciduria type I (GA-I). The gDNA
was extracted from theseDBS samples by
R
SLSO, QIAamp
gDNA Micro kit and innuPREP forensic kit methods. The quantity
and quality of gDNA obtained from these
methods were determined by measuring

the absorbance using a Nanodrop spectrophotometer. Results: The SLSO method
showed four-fold and eight-fold increased
yield of gDNA in healthy volunteers and
patient samples, respectively, compared to
commercial kits (p<0.0001). The protocol
was also found to be cost efficient, reducing
the per sample cost to almost half. The suitability of this method for genetic studies was
confirmed by performing R402W genotyping by RFLP in GA-I patients. The genotyping results showed the presence of R402W
mutation in 20% (6/30) of patients. Conclusion: The SLSO method was found to
be inexpensive, non-hazardous and a suitable technique for isolating gDNA from DBS
samples for genetic studies. J. Clin. Lab.
C 2016 Wiley
Anal. 30:1009–1012, 2016. 
Periodicals, Inc.

Key words: guthrie cards; DNA isolation; genotyping; GCDH; R402W mutation

Dried blood spots (DBS) have become an indispensable
specimen of choice among medical professionals involved
in neonatal screening due to their simple and noninvasive sampling method, trouble-free transport, and storage
and stability of biomolecules on the filter paper matrix
(1–3). They are seen as a possible alternate source to store
DNA for genetic studies (4, 5). However, it is a challenging task to obtain high-quality genomic DNA (gDNA)
utilizing limited amount of DBS sample (6). Various protocols (7–9) exist for isolating gDNA from DBS but most
of them utilize hazardous chemicals (phenol, chloroform,
etc.) for protein precipitation and involve tedious purification steps. Salting-out method of gDNA extraction from
whole blood was established by Miller et al. (10) and is
regarded as a benchmark protocol because it is a simple,
© 2016 Wiley Periodicals, Inc.

nonhazardous, and inexpensive method of gDNA isolation (11). Until now, extraction of gDNA from DBS
utilizing salting-out process has not been endeavored.
In this study, we have attempted to develop a salting-out
protocol for extracting gDNA from DBS samples called
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“single lysis-salting out” (SLSO), which gives high quality
and quantity of gDNA with fewer steps. A comparative
study performed showed the efficacy of this protocol over
the commercial kits such as QIAamp gDNA Micro Kit
and innuPREP forensic kit used in various laboratories.
To corroborate that SLSO method can be used for genotyping, the gDNA isolated by SLSO method was used in
screening of R402W, a missense mutation (g.11665 C>T)
in Indian patients with glutaric aciduria type I (GA-I), an
autosomal-recessive disorder of amino acid metabolism,
caused due to the deficiency of mitochondrial enzyme
glutaryl-CoA dehydrogenase (GCDH, EC 1.3.99.7) (12).
The Human Ethics Committee of National Institute of Mental Health and Neurosciences (NIMHANS),
Bengaluru, India, approved this work. Informed consent
was obtained from all study participants. The blood spots
were collected on S & S 903 filter paper cards from ten
healthy volunteers without any underlying clinical conditions and 30 patients with GA-I presented at the Department of Neurochemistry, NIMHANS, Bengaluru, were
recruited for the study based on the clinical presentation,
neuroimaging studies, elevated levels of glutaryl carnitine
in blood, and elevated glutaric acid and 3-hydroxyglutaric
acid in urine.
Three DBS punches of 3 mm diameter were punched
into sterile 1.5 ml microcentrifuge tube. To this, 200 μl of
methanol was added and incubated for 15 min at room
temperature (RT). The spots were vacuum- or air-dried to
remove methanol. Lysis buffer of 500 μl (30 mM TrisHCl,
5 mM MgCl2 , Triton X-100 1% [v/v], SDS 3% [w/v],
20 mM EDTA, pH 8) was added to the microcentrifuge
tube and incubated at 80°C for 30 min with gentle mixing at regular interval to improve lysis. Proteinase K (20
mg/ml) of 5 μl was added to the lysate and incubated at
60°C for 1 h. Saturated NaCl (6M) of 200 μl was added to
the lysate, mixed well, and centrifuged at 3,000 × g for 15
min at RT. The upper clear aqueous phase was dispensed
into a fresh microcentrifuge tube. To this 10% (v/v), 3M
sodium acetate, pH 5.0, and two volumes (v/v) of chilled
absolute ethanol were added and kept at –80°C for 1 h
or at –20°C overnight for DNA precipitation. The precipitated gDNA was centrifuged at 12,000 × g for 15 min
at 4°C. The supernatant was discarded and the pellet was
washed with 70% ethanol. The gDNA so obtained was airdried, suspended in 50 μl of autoclaved MilliQ water, and
was stored at –20°C or –80°C for long term. The gDNA
was also isolated from DBS samples using QIAamp
DNA Micro Kit (QIAGEN) and the innuPREP forensic kit (Analytik Jena) according to the manufacturer’s
instructions.
The quality and quantity of gDNA obtained by various methods were assessed using Nanodrop ND 1000
spectrophotometer (Thermo Fisher Scientific, Waltham,
MA). All the statistical analyses were performed using
J. Clin. Lab. Anal.

Microsoft Excel 2007 (Redmond, WA, USA). The statistical parameters such as mean, standard error, correlation analysis, students paired t-test and one-way
ANOVA were used for this study. A P-value of <0.05
was considered significant. The genotype frequency and
allelic frequency were calculated by Hardy–Weinberg
formula.
The first step in SLSO method is the addition of
methanol to DBS punches to prevent diffusion of natural inhibitors such as heme and its degradation products
from the filter paper matrix, which might considerably
pose technical difficulties while performing PCR amplifications (13–15). The SLSO method was carried out in two
phases, phase I includes one-step lysis to degrade cellular contents using concentrated lysis buffer, which results
in improved lysis with minimal sample loss and contamination. Phase II involves single-step salting-out process
using saturated sodium chloride for precipitation of cellular proteins and absolute ethanol for precipitation of
gDNA.
When compared to gDNA yield obtained by kit methods, the gDNA obtained using SLSO method showed
a fourfold increased yield from DBS samples of healthy
volunteers (P < 0.0001). Likewise, in patient samples, an
eightfold increased yield in gDNA was observed when extractions were performed using SLSO method compared
with the QIAamp DNA Micro Kit (P < 0.0001) as shown
in Table 1. Due to limited amount of DBS of GA-I patients
gDNA extraction was not performed by innuPREP forensic kit method. The increased yield in gDNA by SLSO
method is probably due to incorporation of single-step
lysis and a precipitation step for proteins using saturated
sodium chloride and not phenol-chloroform, which involves multiple purification stages leading to the loss of
gDNA in the samples. Although other protocols have used
sodium chloride as a constituent of the lysis or extraction
buffer, it is just to elute blood cells from the DBS samples
and not for protein precipitation (8, 9).
A good correlation coefficient was found when purity
of gDNA obtained by SLSO was compared to QIAamp
DNA Micro Kit (r2 = 0.90) and with innuPREP forensic
kit method (r2 = 0.96). A similar result was also observed
in patient samples, which showed a good correlation
coefficient of 0.96 for SLSO and QIAamp DNA Micro
Kit, suggesting that the quality of gDNA obtained by
SLSO method is comparable to commonly used silica column based methods.
When intraassay and interassay of gDNA extraction
were performed, using DBS samples of ten healthy volunteers showed no statistical difference (P = 0.20 and
P = 0.21 respectively). Despite using archived DBS samples of patients (1 day to 1 year old), the gDNA obtained by the SLSO method did not pose any problem while performing PCR or sequencing suggesting that
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SLSO method has good repeatability and is a proficient
method for extracting gDNA even from the archived
samples.
The genotyping studies were performed using gDNA
of GA-I patients obtained by SLSO method and
screened for R402W mutation. Exon 10 of GCDH
gene, which includes the mutation site, was amplified by PCR using the following forward and reverse primers 5 -TGTTACCCTCATGTGCCAC-3 and
5 -TGCCTTCGGAGCTTACCTGT-3 (Sigma Aldrich,
St. Louis, MO) respectively. The thermocycler condition
includes 30 cycles of 94°C for 1 min, 60°C for 1 min 30 sec,
and 72°C for 2 min. The Msp I restriction enzyme was
used to digest the PCR product (481 bp). Depending on
specific band patterns, different genotypes were identified.
Individuals having two bands of 146 and 335 bp were considered as wild type (CC). Individuals with three bands
of 146, 335, and 481 bp were considered as heterozygotes
(CT). If a single band of 481 bp (undigested PCR product) was seen, then the individuals were considered as
homozygous (TT) for this polymorphism. The presence
of mutations was confirmed by sequencing of PCR products. The genotyping results showed 6 (20%) of the GA-I
patients had R402W mutation, among them 3 (10%) were
found to be heterozygous (CT) and 3 (10%) were found
to be homozygous (TT) for this mutation. An allelic frequency of 0.15 (9/60) was observed in our cohort, which
is similar to the allelic frequency found among Caucasians
for R402W, which is a common mutation among GA-I patients in their population (16). Our study results are also
in agreement with an Indian study by Gupta et al. (17),
who have suggested that R402W mutation is probably the
commonest mutation found among Indian patients with
GA-I.
In conclusion, for the first time modified salting out
protocol (SLSO) has been utilized for isolating gDNA
from DBS samples. This technique is promising, economical, nontoxic and can be easily adapted in general laboratory settings. Our results also suggest that SLSO is a
reliable method for prospective and retrospective genetic
studies and can be applied in clinical centers or laboratories where a large number of samples are needed to be
tested.
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ABSTRACT
Introduction: Open fractures are treated as surgical emergency
and early administration of intravenous antibiotic coupled with
early irrigation and debridement decreases the infection rate
dramatically. Limb Reconstruction System (LRS) is a unilateral
rail system which consists of Shanz pins, rail rods and sliding
clamps. It is specifically designed to enable the surgeon to
perform simple and effective surgery as it offers rigid fixation of
fracture fragments, allowing early weight bearing and reduces
economic burden.
Aim: To determine the efficacy of Limb Reconstruction System
for treatment of compound tibia fractures.
Materials and Methods: A prospective study was carried out
where in 54 cases out of 412 compound tibia fractures having
Modified Gustilo Anderson Type IIIA and IIIB with a mean age of
42±5 years were treated using LRS over a period of 26 months.
Limb reconstruction system was used in acute docking mode
or with corticotomy and bone transport was done depending
upon the bone loss. The soft tissue condition was assessed

and split thickness skin grafting and flap repairs were done as
per the need. Clinical and radiological assessment was done
at every follow-up. Bony and functional assessment was done
by Association for the Study and Application of the Methods of
Illizarov (ASAMI) criteria.
Results: Among 54 patients, bony results as per ASAMI score
were excellent in 36, good in 14, fair in 2 and poor in 2 patients.
Functional results were excellent in 43, good in 7, fair in 4
patients. The average fracture union time was 8 months. Postsurgery patient satisfaction was excellent since fixation allowed
weight bearing immediately. Average hospital stay was 7 days
and financial burden was reduced by 40% as compared to
multi staged surgery. The average time of return to work was
20 days.
Conclusion: LRS is an easy, simple and definitive surgical
procedure that allows immediate full weight bearing walking.
It reduces hospital stay, is cost effective with excellent patient
compliance and can also be used for bone lengthening/
transportation.

Keywords: Bone loss, Bone transport, Compound tibia fracture, Corticotomy, External fixator, Pin tract infection

Introduction

Materials and Methods

More than 4.5 million open fractures occur per year in India [1].
Open fractures have to be treated as surgical emergency after ruling
out other life threatening conditions. Local treatment goals include
prevention of infection, soft tissue coverage and fracture stabilisation.
Early administration of intravenous antibiotic coupled with early
irrigation and debridement decreases the infection rate dramatically
in open fractures. Fracture stabilisation can be achieved with internal
fixation and external fixation, ring fixators, free or vascularized bone
grafting along with allografts or bone substitutes [2,3]. The usual
protocol of treating compound fractures include initial debridement,
external fixation, closure of wound and then, after the wound heals
without any signs of infection intramedullary interlocking nail would
be inserted [4]. The disadvantage of this technique is need for several
operative procedures, longer period of hospital stay, increased
chances of infection, financial burden and prolonged immobilization.
To overcome these disadvantages Limb Reconstruction System
(LRS) was considered as definitive management for open fractures.
LRS is a unilateral rail system consisting of Shanz pins, rail rods
and sliding clamps. With its modular attachments it is specifically
designed to enable the surgeon to perform simple and effective
surgery as it offers rigid fixation of fracture fragments, allows early
weight bearing and reduces the economic burden [5]. As the
ideal treatment for compound tibia fractures is still under debate,
evaluation of the outcome of LRS as a definite mode of treatment to
achieve union, as well as limb lengthening was done.

Out of 412 compound tibia fractures, 54 cases having Modified
Gustilo Anderson Type IIIA and IIIB [6] were included in this
prospective study. The study was conducted from 1st June 2013
to 31st August 2015 at KLE’S Dr. Prabhakar Kore Hospital and
Medical Research Centre, Belagavi after obtaining the necessary
ethical clearance. These 54 patients have undergone fixation
using LRS to achieve bony union. Both male and female patients
between the age of 18-60 years were included in the study.

Aim
To establish the efficacy of definitive fixation using Limb Recon
struction System.
Journal of Clinical and Diagnostic Research. 2016 Jul, Vol-10(7): RC01-RC04

Patients with immediate life threatening conditions, closed fractures,
osteoporotic fractures and Modified Gustilo Anderson Type I, II and
IIIC were excluded from the study.

Intervention
After primary survey and ruling out immediate life threatening
conditions, patients were administered intravenous antibiotics and
tetanus immunoglobulin. Preoperative work up included complete
haemogram, renal profile, coagulation profile, viral markers and
radiographs of the affected limbs in orthogonal planes.
Under spinal anaesthesia and with tourniquet in situ, thorough
debridement of wound was performed which was followed by
LRS application. Stab incisions were followed by blunt dissection
until the bone was reached. Shanz pins were passed proximal
and distal to fracture site followed by insertion of rail rods and
clamps.
In simple fractures without bone loss, LRS was applied in acute
docking mode and immediate weight bearing was advised.
In those with bone loss, compression distraction technique
was used at 1mm for every week alternatively in immediate
1
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[Table/Fig-1]: Showing open distal tibia fracture; Showing open distal tibia fracture.

[Table/Fig-2]: X-ray showing distal tibia and fibula fracture AP view. [Table/Fig-3]: Showing LRS in situ. [Table/Fig-4]: Post op X-ray AP and lateral view showing LRS in situ.

[Table/Fig-5]: Follow up X-ray AP view with LRS in situ. [Table/Fig-6]: Showing X-ray AP and lateral view after LRS removal with good union.
[Table/Fig-7]: LRS applied to bilateral lower limbs.

postoperative period. Patients and their relatives were explained
and taught about the technique of compression distraction
at a cyclical rate of 1mm per day or on alternate basis. When
required, skin grafting and flap surgeries were carried out within
3-4 weeks. Patients were asked to come for follow-up at every 4
weeks interval and weekly dressings were advised to prevent pin
tract infection. Clinical and radiological assessment was done at
every follow-up to check for pin tract infection and presence of
2

callus. Bony and functional assessment was done by Association
for the Study and Application of the Methods of Illizarov (ASAMI)
criteria [7].

Results
In this study, LRS was performed in 54 cases of open fracture tibia
(type IIIA and type IIIB). The patients were between 18-60 years
of age with a mean age of 42± 5years. A total of 49 patients were
Journal of Clinical and Diagnostic Research. 2016 Jul, Vol-10(7): RC01-RC04
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[Table/Fig-8]: X-ray AP and lateral view right leg.
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[Table/Fig-9]: X-ray AP and lateral view left leg.

male and 5 patients were female and road traffic accident being
the most common cause of injury. Forty patients had fractures in
middle one-third tibia shaft. Acute docking was done in 47 patients
[Table/Fig-1-6] and 1 patient underwent LRS fixation for bilateral
tibia fractures [Table/Fig-7-9], 7 patients with bone loss underwent
bone transport [Table/Fig-10,11] and 8 patients underwent split
thickness skin grafting and flap repair. One patient with type
IIIB fracture developed deep infection with pin loosening which
warranted fixator removal, it was reapplied after the infection was
under control. In 3 patients with type IIIA fracture, fibular osteotomy
was done [Table/Fig-9,10], as intact fibula was not allowing
compression at the fracture site. The most common complication
encountered in this study was pin tract infection, which was
treated with suitable antibiotics postculture and sensitivity testing.
All patients achieved good range of movements in the follow-up
period. Among 54 patients, bony results as per ASAMI score were
excellent in 67% (n = 36), good in 25% (n = 14), fair in 4% (n = 2)
and poor in 4% (n = 2). Functional results were excellent in 80%
(n = 43), good in 13% (n = 7), fair in 7% (n = 4) [Table/Fig-12].
All the 54 cases of type IIIA and IIIB were kept on LRS external
fixator for a period of 5-6 months on an average depending on
the rate of union, after which the fixator was removed and limb
immobilized with Patella Tendon Bearing cast for another 3-4
weeks. In most cases union was complete by 7-8 months, the
least being 5 months for a tibia shaft fracture. In cases with acute
docking [Table/Fig-13], patient satisfaction post-surgery was
excellent because fixation allowed them to start immediate weight
bearing. Patient satisfaction was assessed using a questionnaire
wherein majority of patients expressed high satisfaction in terms of
early mobilization. The average hospital stay for the patients was
7 days and as compared to multi staged surgery financial burden
was reduced by 40%. The average time of return to work for the
patients was 20 days.

Discussion
Open fractures of tibia are very common in this modern world
because of high velocity road traffic accidents. Although newer
and better treatment approaches for the management of open
fractures are available, open fractures remain to be one of the
important challenges in orthopaedic trauma. Because the study
has been done in a tertiary care centre, a lot of compound fractures
were encountered. According to Behrens and Searls [8], every
year two cases out of 1000 injuries were compound tibial fractures
and this rate was even greater than 0.2% in developing countries.
The various modalities of treatment available for tibial compound
fractures are minimal osteosynthesis, biological fixation and internal
fixation with intramedullary nailing or external fixation with different
Journal of Clinical and Diagnostic Research. 2016 Jul, Vol-10(7): RC01-RC04

[Table/Fig-10]: Xray showing bone transport.

[Table/Fig-11]: Xray showing AP and Lateral views post bone transport.

types of fixators. Irrespective of which treatment method is used,
the aim of the surgery should be to obtain maximum functionality
to the fractured extremity and to maintain patient’s life quality with
minimum damage or complication [9-11].
Use of external fixators in comminuted, defective, and contamin
ated open fractures like Gustilo-Anderson types IIIB and IIIC open
fractures, is routinely accepted these days [12,13]. According to
Yokoyama K, treatment of grade IIIB and IIIC with intramedullary
nailing was risky as it lead to deep infection and nonunion in 20.3%
cases [14]. Therefore, external fixators are preferred modality
because they are easy to use and allow soft tissue treatment. But
the problems associated are prolonged immobilization and need
for revision surgery for definitive fixation at a later stage. Therefore,
LRS, which is different from the simple external fixators in allowing
full weight bearing immediate postoperatively like an intramedullary
fixation was used. LRS fixation technique also has an added
advantage of salvaging the limb and preventing amputation. On
other side, it has its own complications like pin loosening and pin
tract infection. In this case series of 54 cases, pin loosening was
noted and pin replacement was required only in 1.85% cases and
moreover, in 92.59% cases, complete union was achieved within
8 months.
The complications of nailing or fixators with acute docking are
shortening, soft tissue healing problems, increased morbidity,
multiple surgeries, prolonged hospital stay and its consequences
like deep vein thrombosis, bed sores, nosocomial infection which
3
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Number of
patients

Bony Results
Excellent

Union, no infection, deformity<70, limb length
discrepancy <2.5 cms

36

Good

Union + any two of the following: No infection,
deformity<70, limb length discrepancy <2.5 cms

14

Fair

Union + any one of the following: No infection,
deformity<70, limb length discrepancy <2.5 cms

2

Poor

Nonunion/refracture/union+infection+deformity>70
+ limb length discrepancy > 2.5 cm

2

Limitation
Limitations of this study were a lack of comparison group or a
control group and less sample size. Considering the optimistic
results of the study, further multicentric studies and randomized
control trials are suggested before establishing it as an effective
modality of treatment in cases of open fractures tibia with bone
loss.

CONCLUSION

Excellent

Active, no limp, minimum stiffness (loss of <15
knee extension/< 15 dorsiflexion of the ankle), no
reflex sympathetic dystrophy, insignificant pain

43

Good

Active with one or two of the following: Limp,
stiffness, RSD, significant pain

7

Fair

Active with three or all of the following: Limp,
stiffness, RSD, Significant pain

4

Poor

Inactive (unemployment or inability to return to
daily activities because of injury)

0

LRS is a simple and easy system which can be used for all open
fractures. Fixation with LRS is a single definitive surgery. It is a costeffective mode of treatment. Patient is independent and walks full
weight bearing without walking aids. It saves time for the patient
by reducing hospital stay and is a simple technique compared to
Illizarov ring fixator. Patient compliance is excellent. It can also be
used for bone lengthening / transportation, deformity correction,
in patients with infective non-union and osteomyelitis. Implant can
be reused which brings down the cost of surgery considerably.

Failure

Amputation

0
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Anaesthetic management of Williams syndrome
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Williams syndrome is a rare, genetic, multisystem disorder warranting significant anaesthetic
concerns. Sudden cardiac death has been reported in the perioperative period and attributed to
cardiovascular pathology. Present case report highlights the risk and meticulous management
for safe perioperative outcome of such patients.
Keywords: Williams syndrome; aortic stenosis; anaesthesia

Introduction
Williams syndrome is caused by hemizygous
microdeletion on chromosome 7; the estimated
prevalence of 1:20,000 live births. The
syndrome was first described by Williams,
Barratt-Boyes and Lowe in 1961. It is
characterized by cardiovascular disease,
distinctive
facies
and
personality,
hypercalcaemia, and connective tissue growth
and endocrine abnormalities.1 Sudden cardiac
death has been reported in the perioperative
period and attributed to cardiovascular
pathology.2-4Here we are reporting a case of
successful perioperative management of a
paediatric patient who underwent a laparotomy
for strangulated inguinal hernia.
Case report
An 8 years old male child weighing 18kgs was
referred to our tertiary care centre for emergency
laparotomy for strangulated inguinal hernia. He
was diagnosed to be a case of Williams
syndrome at the age of 1 year. History
suggestive of failure to thrive and delayed
milestones were present. Physical examination
revealed characteristicdysmorphic features,
dental malocclusion and grade III systolic
murmur all over precordium, radiating to neck
and back. Heart rate and blood pressure were
112/min and 90/50mmHg respectively with
normal oxygen saturation. Investigations showed
haemoglobin
11gm%,
leucocytosis
and
borderline
serum
calcium
levels.
Echocardiogram was suggestive of biventricular
outflow tract obstruction and severe pulmonary
hypertension. Fasting status was confirmed.
Potential risks of anaesthesia and surgery were
explained to the parents; written, informed
consent was obtained.

Child was premedicated with intranasal
dexmedetomidine 1µ/kg using an automizer
device 20mins prior to induction, in the
preoperative holding area to provide anxiolysis
and facilitate parental separation. Once a
satisfactory sedation score was achieved, child
was shifted to operating room. A wide bore
intravenous cannula was secured and antibiotic
prophylaxis was given. Standard monitors:
electrocardiogram, pulse oximetry, invasive
blood pressure, temperature and capnogram
were applied. After preoxygenation, anaesthesia
induction was performed by intravenous
thiopentone 5mg/kg, fentanyl 2µ/kg and
atracurium 0.5mg/kg. Airway was secured with
5.5
uncuffedendotracheal
tube.
During
laryngoscopy, visualization of vocal cords was
difficult and required external laryngeal
manipulation.
Anaesthesia was maintained using 0.8 – 1 MAC
of sevoflurane in oxygen-air mixture.
Intraoperative tachycardia during incision and
abdominal exploration was managed by small
boluses
of
esmolol.
Blood
pressure
measurements were stable throughout the
procedure. Surgery lasted 90mins and adequate
haemostasis was confirmed. Blood loss of
200ml was replaced by crystalloids. At the end
of surgery, bilateral transverse abdominis plane
block was performed using 20ml volume of
0.125% bupivacaine. After regaining of
protective airway reflexes, patient was extubated
awake and shifted to ICU for further
management.
Postoperative
period
was
uneventful. Pain relief lasted for 18hrs.
Antiemetics
and
rectal
paracetamol

© 2016 Jannu. This is an Open Access article distributed under the terms of the Creative Commons Attribution
License(http://creativecommons.org/licenses/by/4. 0), which permits unrestricted use, distribution, and
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suppositories were prescribed for the rest of
inpatient course.
Discussion
Williams syndrome is a rare, complex,
multisystem disorder of genetic pathology; poses
significant
perioperative
risk
to
anaesthesiologists. Sudden death has been
reported as a very common complication of
anaesthesia, surgery and other procedures in
these patients.4,6 Structural cardiovascular
abnormalities occur in 80% of all patients and
are present in up to 93% of these patients
presenting in the first year of life. Reported
cardiac lesions include supravalvar aortic
stenosis(75%), pulmonary artery stenosis(37%),
coronary artery abnormalities(9%) and other
systemic arteriopathies. The risk of sudden
cardiac death is 25 to 100 times than that in the
general population. The reason for this is not
completely understood. The risk of sudden
cardiovascular collapse appears to be greater in
the presence of bilateral outflow tract
obstruction, especially with coronary artery
stenosis. Prolongation of corrected QT interval
on ECG contribute to the increased risk of
sudden death.5
To date, no studies have evaluated anaesthetic
regimens in patients with Williams syndrome,
and no evidence based recommendations are
available. As these patients exhibit distinctive
behavioural and emotional traits, preoperative
anxiolysis and sedation is mandatory to prevent
physiological
and
psychological
stress
associated with the disease. Intranasal
dexmedetomidine was used as it produces
effective sedation for parental separation.7

many problems. External laryngeal manipulation
was needed for visualization of cords. Medley et
al reported concerns regarding their patient that
trachea was intubated with a smaller
endotracheal tube than expected for age and
developed postoperative stridor because of
laryngeal oedema.3 Invariably these patients
have some degree of musculoskeletal
involvement, including joint laxity and muscle
weakness. Titration of dosage of nondepolarizing neuromuscular blocking agents to
train-of–four responses is preferred. Risk of
masseter spasm and malignant hyperthermia
must be considered if succinyl choline and other
triggering agents are used during induction.8
Precise defect of hormonal control remains
uncertain; disturbances of calcium homeostasis1
and hypothyrodism are common features.9
Urologic abnormalities, both structural and
functional, are seen with increased frequency in
Williamssyndrome. Nephrocalcinosis occurs
secondary to hypercalcaemia and renal function
may decline with age.10 Hence, we suggest
thorough work up on thyroid function and
calcium balance is essential to avoid medical
complications during perioperative period.
A detailed preoperative assessment including
cardiac evaluation, airway anatomy, metabolic
function and cognitive status plays a crucial role
for planning and executing safe anaesthetic
interventions regardless of surgical procedure.
Intensive monitoring during intra and
postoperative periods forms basis for successful
anaesthetic outcome of these patients.
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Brief Communication

Empty sella syndrome – beyond being an
incidental finding
Vikrant Ghatnatti, Dipti Sarma, Uma Saikia
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A B S T R A C T
Introduction: Empty sella is characterized by the herniation of the subarachnoid space within the sella, which is often associated
with some degree of flattening of the pituitary gland. This study was undertaken to evaluate the clinical and hormonal profile in
patients with empty sella. Aims and Objectives: To evaluate the clinical and hormonal profile of the patients with an empty sella.
Materials and Methods: Patients undergoing a CT/MRI at our center, for various reasons but with the finding of the empty sella were
included in this study. A detailed history and clinical examination was done. Apart from routine tests, hormonal evaluation included
serum thyroid stimulating hormone, T4, cortisol (8 am), prolactin, total testosterone, follicle stimulating hormone, leutinizing hormone,
and fasting Insulin like Growth factor 1 (IGF 1) were done. Results: A total of 34 patients, diagnosed radiologically to have empty
sella, were evaluated and of them 24 had primary empty sella (PES) and 10 had secondary empty sella (SES). In subjects with PES,
12 out of 24 (50%) had endocrine dysfunction. The most common endocrine dysfunction noted was hyperprolactinemia, which was
seen in 5 (20.8%) patients and the most common hormonal deficiency was isolated GH deficiency seen in four patients (12.5%).
Conclusion: The high incidence of endocrine abnormalities in patients with PES mandates that these patients should routinely be
subjected to endocrine evaluation to detect these deficiencies early, and appropriate replacement instituted where necessary, thus
ensuring them of a better quality of life.
Key words: Empty sella, isolated Growth Hormone Deficiency, Hyperprolactinemia

Introduction
Empty sella is characterized by the herniation of the
subarachnoid space within the sella, which is often associated
with some degree of flattening of the pituitary gland.[1,2]
In primary empty sella (PES), several etiopathogeneic
hypotheses have been proposed, including a congenital
incomplete formation of the sellar diaphragm and suprasellar
factors such as a stable or intermittent increase in intracranial
pressure as well as volumetric changes in the pituitary (as
observed in pregnancy).[1-3] On the other hand, secondary
empty sella (SES) may be caused by pituitary adenomas
Access this article online
Quick Response Code:
Website:
www.ijem.in
DOI:
10.4103/2230-8210.104075

undergoing spontaneous necrosis (ischemia or hemorrhage).
Other causes known to cause SES are infective, autoimmune,
traumatic, radiotherapy, drugs, and surgery. Numerous
studies have shown that empty sella syndrome may be
associated with pituitary dysfunction contrary to the notion
of it being an incidental finding. Hence this study was
undertaken to evaluate the clinical and hormonal profile in
patients with empty sella.

Aims

and

Objectives

To evaluate the clinical and hormonal profile of patients
with an empty sella.

Materials

and

Methods

Inclusion criteria

Patients undergoing a CT/MRI at our center, for various
reasons but with the finding of empty sella were included
in this study.
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Exclusion criteria

Patients having psychiatric disturbances, critical illness,
pregnancy, lactation, or on drugs known to affect pituitary
function were excluded from the study.
A detailed history and clinical examination was done.
Apart from routine tests, hormonal evaluation included
serum thyroid stimulating hormone, T4, cortisol (8 am),
prolactin (PRL), total testosterone, follicle stimulating
hormone, leuteinizing hormone and fasting IGF 1, all done
by chemiluminescence. Stimulation tests were done where
indicated.
Patients with history of pituitary apoplexy, head injury
or surgery for pituitary adenoma were considered as SES
and patients in whom an etiology was not discernible were
considered as PES syndrome.

Results
A total of 34 patients, diagnosed radiologically to have
empty sella, were evaluated and of them 24 had PES and
10 had SES.
The mean age at diagnosis in subjects with PES was 40.6 ±
9.4 years and that in SES was 37 ± 9.6 years. In both PES
and SES female predominance was observed, with the sex
ratio being 3:1 and 2.3:1 respectively.
Etiology in the cases of SES was Sheehans syndrome
in five, head trauma in three and post pituitary surgery
in two. In the female patients with PES 83.3% (15/18)
were multiparous and only 11% (2/18) were nulliparous,
mean numbers of pregnancies in the multiparous
women being 3.26 ± 0.79. The mean BMI in patients
with PES was 26.4 ± 4.2 kg/m2 and that in SES was
24.3 ± 2.1 kg/m2 [Table 1].
Table 1: Table showing patients with PES in different
BMI groups
BMI
<23
23-27
>27

Female

Male

Total (%)

3
9
6

2
3
1

20.84
50
29.16

Endocrine function

All the patients of SES had panhypopituitarism, the
most common presenting symptom being secondary
amenorrhea in females and features of hypocortisolism
in males.
In subjects with PES, 12 out of 24 (50 %) had endocrine
dysfunction, though such dysfunction was clinically
suspected in only eight of them. The most common
endocrine dysfunction noted was hyperprolactinemia,
which was seen in 5 (20.8%) patients. Four of these patients
were females and none of the patients had serum PRL levels
more than 100 μg/L (mean 61.96 ± 13.5 μg/L). Three of
these five patients had isolated hyperprolactinemia while
the other two had associated anterior pituitary hormonal
deficiencies. In the PES subjects, 37.5% had at least one
hormonal deficiency, the most common being isolated
IGF 1 deficiency seen in four patients (12.5%). Other
hormonal deficiencies that were seen in this group were
isolated hypogonadotropic hypogonadism in two patients
(8.3%), isolated central hypothyroidism in one patient
(4.1%), isolated hypocortisolism in one patient (4.1%), and
multiple pituitary hormone deficiency (hypocortisolism
and hypogonadism) in one patient (4.1%). None of the
patients had diabetes insipidus.

Discussion
The reported prevalence of PES in general population is
8-35%.[4] In our study PES accounted for most cases of
empty sella and it was more commonly noted in females
with higher parity, as has been seen in earlier studies.
Enlargement of the pituitary during pregnancy may lead
to weaken of the sellar diaphragm, thus predisposing to
herniation of cerebrospinal fluid into the sella.[4]
We also noted that obesity was more common among
patients with PES. This is in accordance with the study
De Marinis et al.[4] Obesity causes obstructive sleep apnea
leading to hypercapnia and increased CSF pressure
predisposing to empty sella.

Most common presenting feature in PES was headache,
present in 12 patients (50%). The headache was variable
in localization, severity and duration, the most common
pattern being diffuse with moderate intensity and a duration
dating to few years. Three patients associated vomiting and
evidence of papilledema suggestive of benign intracranial
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hypertension. However, cerebrospinal Fluid (CSF) pressures
were not measured in these cases.

There is a wide variation in the reported prevalence of
endocrine abnormalities in PES. We noted endocrine
dysfunction in 50% of PES patients while De Marinis et al.
found endocrine abnormalities in 19%. Hyperprolactinemia
was the most common endocrine abnormality observed in
our study. In PES particularly, mild hyperprolactinemia
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has been frequently reported. This is thought to be due
to pituitary stalk compression as a consequence of the
remodeling of the hypothalamo-pituitary region and altered
CSF dynamics. The most common hormonal deficiency
was isolated growth hormone deficiency followed by
isolated gonadotropin deficiency, which is compatible
with previous studies. Somatotrophs are probably a more
vulnerable component of the pituitary in PES, hence
systematic GH testing and GH substitution considered
in PES.

of a better quality of life.
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Enlarged hands and feet – Not always acromegaly
Vikrant Ghatnatti, Dipti Sarma, Uma Saikia
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A B S T R A C T
Pachydermoperiostosis maybe mistaken for acromegaly as it can present with progressive enlargement of hands and feet. We
describe a 32 year old male with enlargement of hands and feet and extensive keloid formation. Family history was positive for similar
complaints. X ray imaging showed normal heel pad thickness with acroosteolysis and subperiosteal new bone formation in hands and
feet.IGF-1 was normal and glucose suppressed GH values were normal.
Key words: Pachydermoperiostosis, acromegaly, acro-osteolysis

Introduction
Pachydermoperiostosis or hypertrophic osteoarthropathy
(primary or idiopathic), is an autosomal dominant disorder
characterized by periosteal new bone formation that
involves the distal extremities. The lesions present as
clubbing of the digits and hyperhidrosis and thickening of
the skin, primarily of the face and forehead. The changes
usually appear during adolescence, progress over the next
decade, and then become quiescent. During the active
phase, progressive enlargement of the hands and feet
produces a paw like appearance, which may be mistaken
for acromegaly.[1]

also noticed enlargement of his feet and toes along with
coarsening of facial features at around the same time. The
enlargement was insidious in onset, uniformly progressive
gradually over the years, until now. He also had a history
of tendency towards keloid formation. He first noticed
development of a keloid 4 years back after piercing his
right ear followed by keloid development over the chest
and hands after trivial trauma [Figure 2].
There was history of excessive sweating without any history
of headache, visual field disturbances, or symptoms of
obstructive sleep apnea. There was no history suggestive
of another pituitary hormone excess or deficiency. A family
history of similar complaints in younger brother and father

Aims and objective

To describe a case of pachydermoperiostosis masquerading
as acromegaly.

Materials

and

Methods

A 32-year-old male presented with enlargement of hands
and forearms since the age of 18 years [Figure 1]. He
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Figure 1: Showing enlargement of hands with clubbing

Corresponding Author: Dr. Vikrant Ghatnatti, Department of Endocrinology, Gauhati Medical College, Guwahati - 781 032, India.
E-mail: victorvikrant@gmail.com

S318

Indian Journal of Endocrinology and Metabolism / Vol 16 / Supplement 2

[Downloaded free from http://www.ijem.in on Monday, July 13, 2020, IP: 182.48.228.10]

Ghatnatti, et al.: Pachydermoperiostosis

was present.
On examination, his height was 170 cm (50th-75th percentile),
and weight was 85 kg with a body mass index of 29.4.
He was hypertensive with blood pressure of 150/90 mm Hg.
He had coarse facial features and oily skin without
macroglossia, prognathism, or frontal bossing. He had
severe clubbing of all fingers and toes with thickened
distal extremities. Multiple keloids were noted. Systemic
examination was normal.
Radiological evaluation showed a normal heel pad thickness
with acro-osteolysis, subperiosteal new bone formation in
hands and feet [Figures 3 and 4]. Routine investigations,
including a complete blood count, blood sugar, serum
calcium, phosphorous, and alkaline phosphatase levels were
normal. Serum insulin-like growth factor 1 (IGF1) level was
150 ng/ml (115-307 ng/ml) and serum growth hormone
(GH) levels after 75 g oral glucose was <1 μg/ dl. Serum
prolactin, cortisol, and thyroid hormone levels were normal.

Figure 2: Extensive keloid formation on the anterior chest wall

Results
Based on presence of clubbing with classical radiological
findings and after exclusion of GH excess, a diagnosis of
pachydermoperiostosis was done. The keloids were excised.

Discussion
Pachydermoperiostosis was first described in 1868 by
Friedrich of in two young brothers. In 1935, Touraine,
Solente, and Gole applying an individual approach,
described the pachydermoperiostosis as the primary form of
hypertrophic osteoarthropathy, different from the majority
of well-known secondary hypertrophic osteoarthropathy,
which are always associated with the main cause (lung and
heart). Ninety cases have been reported from 1947 to 1990.
An acromegalic phenotype in late childhood or early
adulthood is shared by a variety of clinical conditions,
including GH excess. Exclusion of an abnormality of the
somatotrophic axis in a young patient with acromegaloid
features is essential before considering other differential
diagnosis such as pachy-dermoperiostosis or insulin
mediated pseudoacromegaly, a disorder associated with
severe insulin resistance.[2] In the absence of insulin
resistance, ﬁndings characteristic of pachydermoperiostosis,
such as thickening of the periosteum or the skin, clubbing,
acrolysis, or alopecia should be looked for. In this case
acromegaly was ruled out by a normal IGF1 and GH level
less than 1 μg/ml, one hour after administration of 75 g
of glucose. Insulin resistance was ruled out by a normal
fasting and post prandial blood sugar, HbA1c and a normal

Figure 3: X ray foot lateral view showing normal heel pad thickness

Figure 4: X ray left hand showing acral osteolysis and subperiosteal bone
formation

fasting serum insulin levels of 11.1 MU/L (1.7-31 MU/L).
Pachydermoperiostosis is inherited as an autosomal
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dominant trait with variable expression. One-third of these
patients have a positive family history[3] as was seen in this
case. The pattern of inheritance in this case was suggestive
of autosomal dominant transmission.

are limited. In our patient, plastic surgery consultation was
sought, and the keloids were excised for cosmetic reasons.

The onset is usually in adolescence, and the changes usually
become progressively severe for 5-20 years and usually
remain unchanged for life. A similar pattern of onset and
progression were seen in this case.

In any case of enlarged hands and feet, we need to
have an observant eye and keep in mind the possibility
of pachydermoperiostosis, in differential diagnosis of
acromegaly. This is important in view of the difference in
treatment modalities of the two diseases.

The clinical features of pachydermoperiostosis are
variable and have been classified as the complete form
(pachydermia, clubbing, and periostosis); the fruste form
(prominent pachydermia with minimal skeletal changes);
and an incomplete form which has no pachydermia.
[4]
Our case had gross thickening of skin over face and
scalp. He also had severe clubbing of all fingers and
toes and had radiological evidence of periostosis. Thus,
in our opinion, this patient had the complete form of
pachydermoperiostosis.
Arthritis and joint effusions have been noted in 20-40%
of cases but was not seen in our case.[5] Acro-osteolysis, a
common radiological finding, affecting terminal phalanges
of fingers and toes was seen in our case. Complications
of pachydermoperiostosis include osteonecrosis of the
femoral head, carpal and tarsal tunnel syndrome, and
neurological changes due to compression of spinal cord
and nerve roots. However, none of these complications
were noted in our case.
Current treatment modalities for pachydermoperiostosis
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ORIGINAL ARTICLE

Serum Cystatin C concentration levels as a marker of
acute Kidney injury in critically ill Patients - A cross
sectional study
Veena P. Munavalli 1, A. J. Dhumale 2, V. A. Kothiwale 3
ABSTRACT
Background and objectives : Acute kidney injury (AKI) is a common complication in patients admitted
to the Intensive care unit (ICU). AKI is diagnosed based on increase of serum creatinine (Sr. Creatinine).
But minor changes of Sr. Creatinine, as typically seen early in AKI, may already reflect substantial decline
in GFR, Hence there is a need of an early and more reliable marker of AKI. Studies have shown that
Serum Cystatin C (Sr. Cystatin C) is one such marker. Hence this study was undertaken to assess Sr.
Cystatin C levels as a marker of AKI in critically ill patients.
Methodology : A cross sectional study was conducted on patients admitted in the Medical Intensive
Care Unit, during the period of January 2010 to December 2010. 50 patients were studied. All necessary
investigations were done to make etiological diagnosis at admission. Sr. Cystatin C and Sr. Creatinine
levels were determined at admission (first reading) and levels of Cystatin C and Creatinine after the
patient developed AKI, were considered as second reading. Results were analyzed.
Results : In this cross-sectional study, there were 33 (66%) males and 17 (34%) females. 18 (36%)
patients had primary gastrointestinal disease, 18 (36%) had respiratory disease and 6 (12%) patients had
snake bite. The mean Sr. Creatinine and Sr. Cystatin C values in AKI patients were 1.86 mg/dL and 3.14
mg/L respectively. The mean Sr. Creatinine and Sr. Cystatin C values in patients without AKI were 0.68
mg/dL and 0.73 mg/L respectively. The sensitivity, specificity, PPV, NPV of Sr. Creatinine for second
reading was 78.57%, 100%, 100%, 78.57% respectively and the sensitivity, specificity, PPV, NPV for
second reading of Sr. Cystatin C was 100%.
Conclusion : Sr. Creatinine was normal in some patients with AKI whereas Sr. Cystatin C was high
indicating that Sr. Cystatin C is more reliable marker than Sr.Creatinine.
Keywords : Acute kidney injury; Serum Creatinine; Serum Cystatin C;

1 Assistant Professor
2 Professor
3 Professor and Vice Principal
Department of Medicine, JNMC, Belgaum 590 010

INTRODUCTION
Acute kidney injury (AKI) formerly called as Acute
Renal Failure (ARF) is a common complication in
patients admitted to the intensive care unit (ICU).
It is common in hospitalized patients, with a
mortality rate between 30% and 90% depending
upon the cause.1
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Numerous causes are responsible for development
of AKI.1 Moreover AKI's often due to multifactorial
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aetiology in critically ill patients. Increasing use of
nephrotoxic drugs, invasive procedures, intra
vascular catheters and major surgical procedures
predispose patient to sepsis and renal failure.2 AKI
is the abrupt loss of renal function sufficient to
decrease urinary elimination of nitrogenous waste.
In clinical practice, the detection of ARF, which is
characterized by a rapid decline of the glomerular
filtration rate (GFR), is based on increase of
Sr. Creatinine. However, there are major limitations
to the use of Sr. Creatinine for estimating GFR.
Minor changes of Sr. Creatinine, as typically seen
early in AKI, may already reflect substantial decline
in GFR. Sr.Creatinine inaccurately estimates GFR due
to tubular secretion and reabsorption of creatinine.3
Sr. Creatinine can be affected by age, sex, muscle
mass, drugs and diet.4 The early and accurate
detect ion of AKI is c rucial to prevent i ts
progression, and thereby, to potentially improve its
outcome.

Sr. Creatinine 1.3 mg/dl) and willing to participate
were included in the study. Based on the selection
criteria every fifth patient admitted in Medical ICU
was screened for eligibility. Prior to the enrolment,
the selected patients were briefed about the nature
of study and a written informed consent was
obtained.

Hence there is a need of an early and more reliable
marker of AKI which can detect minor GFR
reduction and is not affected by age, sex, muscle
mass, drugs and diet. Many international studies
say that Serum Cystatin C (Sr. Cystatin C) is one
such marker. Cystatin C is a low molecular weight
protein synthesized by all the cells of the body and
is removed from the blood stream by glomerular
filtration in the kidney. Hence when the kidney
function declines, the blood levels of Cystatin C rise.
There is lack of Indian studies regarding Sr. Cystatin
C levels as a marker of AKI in critically ill patients.
Hence the present study was undertaken to assess
whether Sr. Cystatin C is an early and more reliable
marker of AKI as compared to Sr. Creatinine.

All the baseline investigations including complete
blood count, liver function test, renal function test,
Sr. Cystatin C, urine routine and microscopy were
done. Serum TSH, X-ray chest, ultrasound abdomen
and other necessary tests to make etiological
diagnosis were done as required. These were
considered as the first reading of Sr. Creatinine and
Sr. Cystatin C. Sr. Cystatin C was estimated by
serum nephelometry method. Any value above
0.95mg/l was considered high.5 Sr. Creatinine was
measured daily for five days in all the patients to
look for development of AKI.

Demographic data including age, gender, address
and occupation was recorded on predesigned
proforma. At admission a detailed history and
clinical examination was carried out. Clinical
diagnosis was made depending on history and
examination. Temperature, pulse rate, blood
pressure, respiratory rate, oxygen saturation were
monitored hourly.
Meticulous fluid chart consisting of amount and type
of intravenous fluid given and urine output
charting was maintained in all the patients.

Acute kidney injury was defined as an abrupt
decrease in renal function (over hours to days)
sufficient to result in retention of nitrogenous waste
products (blood urea nitrogen and creatinine) in the
body. AKI was defined according to the first three
RIFLE(the Risk of renal dysfunction, Injury to the
kidney, Failure of the kidney function, Loss of
kidney function and End Stage Renal Disease)
criteria of the GFR domain. The first three RIFLE
criteria of GFR domain are6 R-criteria (raise in
creatinine by 50-99%), I-criteria (Raise in creatinine
by 100-199% ) and F-criteria (Raise in creatinine by
200%).

METHODOLOGY
This cross sectional study was conducted on patients
admitted in the Medical Intensive Care Unit from
January 2010 to December 2010. Ethical approval
was obtained from the Ethical and Research
Committee of the Institution. Patients at risk of
developing AKI (all patients in the medical
intensive care unit without co-exiciting/known acute
or chronic renal failure i.e patients with normal
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Once there was an increase in Sr. Creatinine of 50%
from baseline, Sr. Cystatin C levels were repeated.
The values of Sr. Creatinine and Sr. Cystatin C on
this day were considered as the second reading.The
percentage rise of Sr. Creatinine and Sr. Cystatin C
were calculated. Patients were categorized
depending upon the percentage rise of Sr.
Creatinineinto R (creat), I (creat) and F (creat) in
accordance to first three RIFLE criteria of the GFR
domain. Similarly the patients with rise in Sr. Cystatin
C of 50-99%, 100-199% and 200% were
categorised as R(cyst), I(cyst) and F(cyst). In the
patients who did not develop AKI, Sr. Cystatin C
was done on day 5. These patients were
considered as controls.

26% were >60 years of age. 18 (36%) patients had
primary gastrointestinal disease,18 (36%) had
respiratory disease and 6 (12%) patients had snake
bite(Graph 1).
In the present study 28 (56%) patients developed
AKI. Among them 18 (64.29%) were male and 10
(35.71%) were female. Among those who did not
develop AKI 15 (68.18%) were male and 7 (31.82%)
were female suggesting equal distribution of
gender in both groups. The mean age of patients
with AKI was 50.25 ± 17.85 years and in patients
who did not develop AKI the mean age was 44.82
± 20.20 years suggesting that age in both the
groups were comparable (p=0.353). Majority i.e.
11 (39.28%) patients developed AKI due to ischemia
i.e-prerenal. The other causes were sepsis in
9(32.14), nephrotoxicity in 3(10.71%) and multiple
etiology in 5(17.85%) (Graph 2).

Statistical analysis : The data obtained was coded
and entered into Microsoft Excel Worksheet. The
data was analyzed using SPSS version 16.0
statistical software. The categorical data was
expressed as rates, ratios and proportions. The
continuous data was expressed as mean ±
standard deviation (SD). The comparison of
categorical data was done using either chi-square
test or Fisher's exact test and the continuous data
was compared using independent sample 't' test.
RESULTS
In this cross-sectional study of 50 patients, 33 (66%)
were male and 17 (34%) were female. The male:
female ratio was 1.94:1. 26% were in the age group
of 18-30 years, 48% were between 30-60 years and

Serum Creatinine on admission was normal in all
50 (100%) patients and second reading of Sr.
Creatinine was normal in 28 (56%) patients and high
in 22 (44%) patients. i.e though in 6 patients the
second reading of Sr. Creatinine was normal, the
percentage raise of creatinine was 50% and hence
satisfied the RIFLE criteria. The first reading of Sr.
Cystatin C was normal in 25 (50%) patients and high
in 25 (50%) patients and among these 24 patients
developed AKI. 4 patients with normal first reading
of Sr. Cystatin C developed AKI and hence second
reading of Sr. Cystatin C was normal in 22 (44%)
patients and high in 28 (56%) patients. Among
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patients who developed AKI 39.29%, 53.57% and
7.14% of patients satisfied RCreat (50 to 99%),
ICreat (100 to 199%) and FCreat (200%) criteria
respectively. Among patients with category RCreat
rise of Sr. Cystatin C was 100% and 57.14%
patients had 100-199% rise in Sr. Cystatin C levels
andin 42.86% patients a rise of 200% was noted
(Table 1).

Among patients who developed AKI the mean
percentage raise in Sr. Creatinine levels in RCreat
category was 69.67% ± 11.33% whereas mean
percentage raise in Sr. Cystatin C was 134.90% ±
24.18%. Similarly in those with category ICreatmean
percentage raise in Sr. Creatinine levels was
135.93% ± 26.65% whereas mean rise in Sr.
Cystatin C was 222.46% ± 43.88% suggesting
significant raise in Sr. Cystatin C compared Sr.
Creatinine (p<0.001). However among patients with
FCreat comparison could not be done as there were
only two patients (Table 2).

Table 1. Comparison of rise in Sr. creatinine levels and
Sr. Cystatin C levels from admission to 2nd reading
among patients with AKI
Criteria
(% Rise)

Sr. Creatinine
(n=28)

Sr. Cystatin C
(n=28)

No.

%

No.

%

R (50 to 99%)

11

39.29

0

0.00

I (100 to 199%)

15

53.57

16

57.14

2

7.14

12

42.86

28

100.00

28

100.00

F (? 200%)
Total

In patients who developed AKI, the mean Sr.
Creatinine level of RCreat category was 1.63 ± 0.36
mg/dL whereas mean value of Sr. Cystatin C was
noted as 2.58 ± 0.37 mg/L. Similarly in those with
category ICreatmean Sr. Creatinine levels was 1.98
± 0.66 mg/dL whereas mean value of Sr. Cystatin
C was 3.54 ± 0.59 mg/L suggesting significantly

Table 2. Comparison of mean percentage rise in Sr. Creatinine and Sr. Cystatin C levels in patients with AKI
Criteria (Rise)

Mean percentage rise
Sr. Creatinine

't'

DF

'p' value

Sr. Cystatin C

Mean

SD

Mean

SD

R (50 to 99%)

69.67

11.33

134.90

24.18

8.143

20

<0.001

I (100 to 199%)

135.93

26.65

222.46

43.88

6.506

28

<0.001

F (? 200%)*

243.73

61.87

257.79

49.09

-

-

-

* Among patients with percentage rise ? 200% comparison could not be done as there were only two patients.

Table 3. Comparison of mean Sr. Creatinine and Sr. Cystatin C levels levels in patients with AKI
Criteria (Rise)

Sr. Creatinine (mg/dL)
Mean value

Sr. Cystatin C (mg/L)
Range

Mean value

Range

Mean

SD

Min

Max

Mean

SD

Min

Max

R (50 to 99%)

1.63

0.36

0.90

2.10

2.58

0.37

2.20

3.36

I (100 to 199%)

1.98

0.66

1.20

3.30

3.54

0.59

2.60

4.40

F (? 200%)

2.75

0.49

2.40

3.10

3.67

0.75

3.14

4.20
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Table 4. Comparison of mean Sr. Creatinine and Sr.
Cystatin C levels among patients with and without AKI
Parameters

AKI

The limitations of the study were smaller sample
size and urine output criteria were not included in
the diagnosis of AKI because many patients were
on diuretics at admission. Also preadmission
normal baseline Sr.Cystatin C and Sr.Creatinine were
not available with many patients hence this study
was limited to monitoring of patients from entry to
the ICU and cannot be readily used to assess the
status of patients on entry to the ICU. Lack of a 'gold
standard' independent measure of GFR such as an
inulin or radioisotope clearance, prevented from
commenting on whether Sr. Cystatin C or Sr
Creatinine correlated more accurately with a true
decrease in GFR. The results are applicable mainly
to gastrointestinal disease and pulmonary disease.
Though none of the patients were known to have
thyroid disease and Sr. TSH levels were normal in
all patients, thyroid disease could not be ruled out
and the variation of Sr. Cystatin C in relation to
thyroid disease could not be analysed. Though none
of the patients were on steroids, the effect of
cortisol on Sr. Cystatin C levels could not be analysed
as Sr. Cortisol levels were not measured. Further a
large multicentric study is required to confirm these
results.

Non AKI

Mean

SD

Mean

SD

Sr. Creatinine
(mg/dL)

1.86

0.61

0.68

0.20

Sr. Cystatin C
(mg/L)

3.14

0.69

0.73

0.10

high levels of Sr. Cystatin C compared to Sr.
Creatinine (p<0.05). However among patients with
FCreat comparison could not be done as there were
only two patients (Table 3). The mean Sr.Creatinine
and Sr. Cystatin C values in AKI were 1.86 mg/dLand
3.14 mg/L respectively. The mean Sr.Creatinine and
Sr. Cystatin C values in patients without AKI were
0.68 mg/dLand 0.73 mg/L respectively (Table 4).
The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) of Sr.
Creatininefor first reading was 0%, 100%, 0%, 44%
respectively and the sensitivity, specificity, PPV, NPV
for first reading of Sr.Cystatin C was 85.71%, 95.45%,
96% and 84% respectively. The sensitivity, specificity,
PPV, NPV of Sr.Creatinine for second reading was
78.57%, 100%, 100%, 78.57% respectively and the
sensitivity, specificity, PPV, NPV for second reading of
Sr.Cystatin C was 100% (Table 5).

The strength of the study is that our study included
all age groups compared to previous studies where
mean age of the population included was in the
Geriatric range. Also this is the first study in a South
Indian setting. In a setting like ours where people
do not have baseline creatinine value available,
Cy stat in C may help us in predicting and
diagnosing acute kidney injury earlier than
Sr. creatinine rise from initial ICU value. As early
intervention may avoid dialysis and the cost
associated with it, it is worth while using Cystatin C
in ICU setting

DISCUSSION
In our study the sensitivity, specificity, PPV, NPV of
Sr.Creatinine and Sr. Cystatin C indicate that
Sr.Cystatin C levels have better predictive value for
AKI and it is worthwhile doing a baseline Sr. Cystatin
C levels in the critically ill ICU patients on
admission. The sensitivity, specificity, PPV, NPV of
Sr.Creatinine and Sr. Cystatin C for second reading
indicate that repeat Sr. Cystatin C value is more
sensitive and specific in picking up AKI than
Sr.Creatinine levels. Results of many studies7,8 have
showed the superiority of serum or urine Cystatin C
to Creatinine in early detection of AKI in critically ill
patients.

CONCLUSION
This study concludes that Sr. Cystatin C is an early
and more sensitive marker of AKI than Sr.
Creatinine in critically ill patients. Baseline Cystatin
C predicts acute kidney injury better and repeat
Cystatin C is a reliable marker of acute kidney
Injury in an ICU setting. Its cost benefit ratio has to
JIM 3R
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be studied before we generalize this for all our ICU
patients. There is need for a larger study with
resource utilization outcomes and clinical outcomes.
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CASE REPORT

Acute Fulminant Hepatic Failure Due To
Primary Dengue
Dnyanesh N Morkar1, Rekha S. Patil 2, Pooja Motimath 3, Prudhavi C4
ABSTRACT:
Dengue Fever (DF) is rarely considered as a cause of acute hepatic failure and only a few case reports of
acute hepatic failure and encephalopathy occurring in DF in adults are available. Here we report the
case of a 23 year old previously healthy male who presented to the outpatient department with history of
fever and chills since 2 days and 1 episode of hematuria. The patient was further investigated and was
diagnosed as dengue positive, following a 2 days of hospital stay he developed altered sensorium. He
was admitted and managed in the ICU with supportive care and platelet transfusion. Further
investigations were suggestive of acute hepatic failure. With treatment he made a significant clinical and
biochemical improvement and was discharged after 8 days of hospital stay.
Key words : Dengue, Dengue Hemorrhagic Fever, Fulminant Hepatic failure

INTRODUCTION

atypical presentation in dengue like dengue
encephalitis, myocarditis, hepatitis, cholecystitis. The
term acute hepatic failure is used to describe the
development of coagulopathy, usually with INR of
greater than 1.5, and any degree of mental
alteration (encephalopathy) in a patient without
pre-existing cirrhosis and with an illness of less than
4 weeks 2 . However, Dengue is only rarely
considered as a cause of acute liver failure even
globally 2 and only a few case reports of acute
hepatic failure and encephalopathy occurring in
Dengue in adults are available. We hereby present
a 23 year old male with Dengue fever who
presented with clinical and biochemical features of
acute hepatic failure and encephalopathy.

Dengue fever called as break bone fever commonly
cause epidemics in Asian countries. There are four
antigenically distinct dengue serotypes DEN 1,
DEN 2, DEN 3, DEN 41. Most common is DEN 2
and clinical presentation with this serotype ranges
from only fever with petechie, headache to
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CASE REPORT
A 23 year-old previously healthy, non-alcoholic male
presented to the outpatient department with the
history of fever with chills since 2 days and 1
episode of haematuria, with no history of any
hepatotoxic drug intake.

Received on 25.2.2016
Modified on 11.3.2016
Accepted on 14.4.2016

JIM 3R
38

Vol 4 Issue 3

July - Sept 2016

[Downloaded free from http://www.ajim.in on Monday, July 13, 2020, IP: 10.232.74.22]

On examination, Pulse rate: 100/min, BP: 90/
60mmHg, respiratory rate: 16/min, temperature
101 degreeF, mild icterus and subconjunctival
haemorrhage were present. CNS examination:
patient was conscious, oriented, with no neuro
logical deficits, bilateral plantar responses were
normal. There were no signs of meningeal
irritat ion. Per abdomen:there w as mild
splenomegaly with no free fluid in the abdominal
cavity. Other systems examination was normal. On
Invest igat ion: CBC was normal , urea and
creatinine were normal and LFT was deranged with
total bilirubin of 4.3mg/dl, direct bilirubin of 3mg/
dl, SGOT 31 IU/L, SGPT 349 IU/L , Alkaline
phosphatase of 172 IU/L , PT INR of 1.11, platelet
count of 14,000 /mm3, Dengue IgM and IgG
positive. Following 2 days of hospital stay he
developed altered sensorium with confusion,
restlessness, On examination pulse 120beats /min,
BP: 80mm Hg systolic, respiratory rate 28/min, temp:
103degree F, deep icterus, petechial haemorrhage
present. CNS: no neurological deficits, Bilateral
plantars normal, no signs of meningeal irritation
.Abdomen examination: splenomegaly and
minimal ascites were present, other systems
examination was normal. His biochemical and
clinical parameters were Hb:12 gm%, TLC 30,200/
mm and platelet count 9,000/mm3, urea 53mg/dl
,Creatinine1.03 mg/dL, serum Na 138mmol/L,
serum K of 6.60mmol/L. Liver function test showed
total billirubin of 12.73 mg/dl with direct billirubin
of 6.30 mg/dl, ALT 7984 IU, AST 3011 IU/l and
al kaline phosphatase of 172 IU/l,u rinary
myoglobin negative ,CPK 553 IU,/Serum Ammonia
173mcg/dl. Prothrombin time was deranged with
INR of 1.27. In view of recent outbreak of dengue
and leptospirosis in our area, serology for dengue,
leptospira and malaria was sent. His Dengue
serology for NS1 Ag, IgM and IgG antibodies was
positive but serology for leptospira and malaria were
negative. Ultrasound of the abdomen revealed
splenomegaly, fatty liver, bilateral minimal pleural
effusion and minimal ascites and distended gall
bladder.

failure was made. The patient was shifted to
intensive care unit where he was symptomatically
managed with IV fluids, antiemetics, platelet
transfusion and close monitoring. There were no
bleeding episodes, he maintained good urine
output during the hospital stay. In view of
significant thrombocytopenia, he received total of
6 units of platelet rich plasma (PRP). He was also
given a course of broad spectrum antibiotic Inj
Meropenem, Inj clindamycin in view of high total
counts suggestive of secondary bacterial infection.
Hepato protective drugs Tab Ursodesoxycholic acid
300 mg 1-1-1, Tab S Adenosyl Methionine 400mg
1-0-1 . were also given, icterus gradually decreased,
fever and vomiting subsided with significant clinical
and biochemical improvement (Total billirubin: 4.04
mg/dl, SGOT: 205 IU/l, SGPT: 347 IU/l, platelet
count: 1,10,000/mm3 and Serum Creatinine of 0.81
mg/dl). He was discharged from the hospital after
8 days of total hospital stay. At the time of discharge
his AST and ALT value were 205 IU/L and 347U/L
respectively.
Detailed work up for the possible cause for acute
liver failure was done. HBsAg, Antibody to hepatitis
C, A and E were negative. ANA and CMV was
negative, Serum Copper and ceruloplasmin level
was not done. As patient could not afford, other
viral markers causing fulminant hepatitis was not
done. Hence a final diagnosis of acute liver failure
secondary to primary dengue infection was made.
DISCUSSION
Dengue infections are caused by a flavivirus which
has four serotypes (DEN 1-4)1. It is the commonest
arbovirus and a common cause of hemorrhagic
fever in the world. The clinical presentation of the
disease ranges from simple undifferentiated viral
fever to Dengue Hemorrhagic fever and Dengue
Shock Syndrome. In recent times, the reports of rare
cli nical manifestat ions of Dengue such as
enc ephaliti s, myocardit is, Guillian Barre
syndrome2,3, haemolytic uremic syndrome and
hepatic manifestations have become more common.
Hepatic injury with Dengue infections has been
described since 1967 and acute liver failure in

In view of deranged liver function and altered
sensorium, a working diagnosis of acute liver
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association with dengue was initially reported
during the epidemic in Indonesia in the 1970s.After
this, several cases of fulminant hepatitis with high
mortality have been reported5.The term acute
hepatic failure is used to describe the development
of coagulopathy, usually with INR of greater than
1. 5, and any degree of mental alterati on
(encephalopathy) in a patient without pre-existing
cirrhosis and with an illness of less than 4
weeks4.Although liver is not the main target organ,
direct infection of hepatocytes and Kupffer cells by
dengue virus can be observed6.An increase in liver
transaminases is observed in the first week of
dengue infection mainly in dengue hemorrhagic
fever rather than in dengue fever. This can vary from
2-3 folds to more than 10 fold rise from normal
level. SGOT rises more than SGPT which is different
from other types of viral hepatitis6.

context strongly suggest the possibility of Dengue
shock syndrome (DSS) with acute liver failure in this
case. Acute hepatic failure due to dengue infection
with subsequent complete recovery has been
reported in two adult patients from India, one from
Singapore, one from USA and one from Sri Lanka
7-10.However in none of the reports, the liver
enzymes were as high as that seen in our patient.
Despite the clinical presentation of acute hepatic
failure with up to 500 times rise in amino
transferases, our patient had complete recovery.
CONCLUSION
Acute f ulminant hepatic failure is a rare
presentation in dengue. Early suspicion and proper
management in this patient helped to prevent
mortality and morbidity due to the same.

Dengue virus infection of the liver might affect the
sinusoidal endothelial or Kupffer cells in a way that
causes obstruction to the hepatic sinusoidal
capillary lumen resulting in decreased portal venous
blood velocity and flow to the liver and, when
severe, shunting of portal blood away from the liver
(hepatofugal flow).
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The clinical and biochemical presentation in our case
was like that of acute liver failure. The important
differential diagnosis in a case presenting with
fever and acute hepatic failure includes acute viral
hepatitis, complicated malaria, leptospirosis, and
Reye's syndrome. Negative viral markers for all
viral hepatitis ruled out the possibility of viral
hepatitis. Negative serology for malaria ruled out
the possibility of malaria. Moreover, there wouldn't
be marked elevation of SGPT and SGOT in
complicated malaria (SGPT and SGOT values of
5760 and 14,100 respectively) as seen in our
patient. Negative serology test for leptospirosis was
a supportive test to rule out leptospirosis in this
patient. Reye's syndrome usually does not present
with jaundice. Moreover thrombocytopenia and
plasma leakage as seen in our patient are unusual
in Reye's syndrome. The presence of thrombo
cytopenia, signs of plasma leakage, hypotension
and positive IgM serology for Dengue in the
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ABSTRACT
Background: Flexibility and agility are two important parameters for selection of athletes for various competitions;
reduced flexibility makes the athletes prone for injury. Reduced agility affects the performance of the athletes. This
study was pursued as there is a paucity of literature understanding the effect of training on agility, flexibility and the
relationship between flexibility and agility in runners, with skinfold thickness (SFT) and body mass index (BMI).
Aims and Objective: The main purpose of this study was to analyze the effects of training on agility by side step test
and flexibility by sit and reach flexibility tester and to see effect of SFT, BMI on agility and flexibility among runners.
Materials and Methods: Agility and flexibility of 31 national level runners were compared with that of 31 controls.
Runners were subdivided into two groups, Group A (>2 and <3 years of training) and Group B (>3 and <10 years of
training). A correlation of agility and flexibility and also with SFT and BMI was done. Results: Agility and flexibility
were found to be higher for runners and was statistically significant. Among runners agility was higher for Group B players
(seniors) and was statistically significant. A negative correlation was found between flexibility and SFT, BMI, also agility
and SFT but not statistically significant. Conclusion: Improvement in agility and flexibility is seen after give training,
reducing the rate of injury and improving the performance. Not much difference happens with SFT and BMI with agility
and flexibility.
KEY WORDS: Agility; Flexibility; Body Mass Index, Skin Fold Thickness; Runners
INTRODUCTION
Sports are organized at competitive levels since ancient
times. In India, the scientific community has recently started
contributing toward upliftment of an athlete. But still looking
at the vast sporting population, this contribution appears to
be meager.
Access this article online
Website: www.njppp.com

Quick Response code

DOI: 10.5455/njppp.2016.6.0410604062016

Agility is the ability to maintain or control body position
while quickly changing direction during a series of
movements. Agility training is thought to be a re-enforcement
of motor programing through neuromuscular conditioning
and neural adaptation of muscle spindle, Golgi-tendon
organs, and joint proprioceptors.[1] Agility is an essential
component in most field requiring high-speed action
(acceleration, maximal speed) and specially team sports
competition. Moreover, agility is a combination of speed
and coordination.[2] An athlete who displays good agility
will most likely possess other qualities such as dynamic
balance, spatial awareness, and rhythm as well as visual
processing.[3] Developing agility in children continues
over a long period of time. The basic methodology of
agility training implies the learning of a basic walking
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technique, running technique, change of direction, jumps,
and landings.[4]
Flexibility is usually described as a component of general
physical fitness. Flexibility has been defined as the ability to
make movements through the maximum possible amplitude or
a range of movement. Flexibility exercise can reduce perception
of pain ensuring muscular exercise distress based on decreased
level of residual muscle activity as a result of static stretching
of the involved muscle. Used prior to exercise static stretching
may enhance performance. The latest research has shown that
strength developed with exercise on rebound movement can
be better enhanced by add - on flexibility training. It is directly
caused by reduction in series elastic components stiffness
increasing the utilization of elastic strain energy during rebound
exercise movement. However, the primary importance of the
flexibility is in preventing and reducing the injuries.[5]
Flexibility and agility are two important parameters of
fitness for athletes and also for the selection of athletes for
any competition. Thus, it is very essential to understand if
any relation is present between flexibility and agility to have
more beneficial effect on athlete’s performance.[4]
Reduction of body fat has been associated with performance
improvement in specific sports. Hence, body composition
analysis is frequently included in physical fitness assessment.
In the era of competitions winning is what being honored; for
which the performance counts. The performance depends on
many factors but agility, flexibility and its correlation with
body mass index (BMI) and skin fold thickness (SFT) is one
among that which is not given that much importance. BMI and
SFT are very important factors which need to be concentrated
more along with other fitness parameters when we look for
the performance in a sports event. To our knowledge, there is
paucity in literature regarding the relation between flexibility
and agility and these parameters relation with SFT and BMI.
MATERIALS AND METHODS
This study was conducted in the Department of Physiology,
Jawaharlal Nehru Medical College, Belgaum, between
January 2010 and December 2010.
Study Design
Cross-sectional study.
Method of Data Collection

Source of data
In this study, the data were collected from the runners
(National and State level players) practicing regularly at
district stadium, Belgaum and students of M.B.B.S, AHSC,
BDS, and BPT batch enrolled in KLE University.

2016 | Vol 6 | Issue 6

Sample size
Based on universal sample size, all the runners aged
16-25 years of Belgaum city who were eligible were enrolled
at the time of data collection, and available number of players
who fit into the inclusion criteria was 31. For comparison,
age (16-25 yrs) and sex matched MBBS, AHSC, BDS, and
BPT students admitted in KLE University, Belgaum, were
enrolled as controls. The selection was done using random
number table. Data collection was done from the month of
July to December 2010.
Inclusion Criteria
1. All the runners practicing for a minimum period of
2-year and who were in the age group of 16-25 years
2. Age and sex-matched participants/students coming from
the same region who have not undergone any sort of
athletic training or carrying out regular exercise were
selected randomly in comparative group.
Exclusion Criteria
1. Subjects with respiratory, neuromuscular, cardiac,
endocrine disorders in study subjects, and comparative
group
2. Students from comparative group who were doing
regular physical exercise, meditation and undergoing
physical training.
A list of runners were obtained from the stadium and the
coach information about their practice schedule, number of
players, and their availability was taken from the coaches.
Permission was obtained from the Assistant Director, District
stadium, Belgaum to carry out the intended study on the
players. The study was approved by the Ethical and Research
Committee of the institution.
After finding the suitability as per selection criteria, the players
were selected for the study and briefed about the nature of the
study and written informed consent was obtained from them.
Descriptive data of the participant’s age, medical history,
training schedule regarding number of years of practice,
number of days in a week, number of hours per day, etc.,
were obtained by interviewing the participants.
The sports participants were subdivided into two groups
depending on number of years of training. Group A consisted
of runners with >2 and ≤3 years of practice and Group B
consisted of the senior players with >3 and <10 years of
training. All the players participated in the consistent training.
On average, practices were held for 4-5 h/day, 6 times per
week. Throughout the year, apart from running practices,
all participants were involved in additional sessions of
strength training and conditioning, speed, and stretching both
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pre-season and during the competitive season. Both groups
had been exposed to similar training regimens.
Height (cm) was measured by commercial stadiometer to
the nearest 0.5 cm. The participant was made to stand erect
with bare foot on the floor board of the stadiometer with
his or her back to the vertical backboard of the stadiometer.
The weight of the participant was evenly distributed on
both feet. The heels of the feet are placed together with both
heels touching the base of the vertical board. The buttocks,
scapulae, and head are positioned in contact with the vertical
backboard.
Weight (kg) was recorded by digital scale with an accuracy
of +100 g, participant was asked to come in light clothes and
barefoot.
BMI was calculated by from height and weight using
Quetelet’s equation
BMI=Body weight in kg/(height in meters)2

Agility and flexibility in trained runners

Flexibility
Was tested using Sit and Reach flexibility Tester manufactured
by Anand agencies, Pune.
This test involved subject sitting on the floor with legs
stretched out straight ahead. Shoes were removed and toes
pointed upward. The soles of the feet were placed flat against
the center limbs of the tester. Both knees were to be locked
and pressed flat to the floor - the examiner assisted by holding
them down. With the palms facing downward, and the hands
on top of each other or side by side, the subject reached
forward along the measuring line as far as possible. It was
seen to that the push was smooth and static, no bouncing or
lunging was allowed. Care was taken that the hands remained
at the same level, not one reaching further forward than the
other. After some practice, the subject reached out and held
at that position for one-two seconds while the distance was
recorded.
Scoring - The score was recorded to the nearest centimeter as
the distance reached by the hand. The level of the feet was the
zero mark on the scale.[6,7]

SFT (mm)

Agility

Were measured by Herpenden skinfold calipers (Anand
agencies, Pune).

Agility was assessed by side step test where we drew lines
accordingly as shown in the Figures 1 and 2 on the plane
ground.

Seven sites were identified; readings were taken on the
right side of the body, 1 cm away from thumb and finger
perpendicular to skin fold halfway between crest and
base of the fold. Pinch was maintained throughout the
recording. Waited for 2 s before recording. A mean of two
measurements was considered.
• Triceps: Vertical fold, on the posterior midline of the
upper arm, halfway between acromion and olecranon
process
• Subscapular: Diagonal fold, 1-2 cm below the inferior
angle of the scapula
• Midaxillary: Vertical fold, on the midaxillary line at the
level of xiphoid process of sternum
• Abdomen: Vertical fold, 2 cm to the right side of the
umbilicus
• Suprailiac: Diagonal fold, in line with the natural angle
of the iliac crest taken in the anterior axillary line
immediately superior to the iliac crest. The skinfold
should slope downward and forward at a 45° angle
extending toward the pubic symphysis
• Chest: Diagonal fold midway between the anterior fold
of axilla and nipple
• Thigh: Vertical fold, on the anterior midline of the thigh,
midway between the proximal border of the patella and
the inguinal crease. The participant stood with his weight
shifted back on the left leg with the right leg forward,
knee slightly flexed and foot flat on the floor.[6,7]
507

A center line was drawn on the ground where the test has
to be conducted. Two more lines on each side of the center

Figure 1: Measurement of side step test marking to be drawn

Figure 2: Comparison of agility between two groups of runners
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line which were 3 ft and 6 ft apart from the center line
were drawn using a measuring tape. To start with from the
position on the center line.
• The participant side stepped on the signal went to the
right until his foot had reached or touched the outside
line to the right
• Participant then side stepped to the left until his left foot
had touched or crossed the outside line to the left
• The participant repeated these movements as rapidly as
possible for 10 s.

indicating that the players who are highly flexible have got
a wide range of movement. Decrease in flexibility score
among controls might be due to their sedentary lifestyle,
high-fat percentage. The outcome in this study for flexibility
showed increased flexibility for Group B than Group A but
the increase was not statistically significant. Whereas, there
was statistically significant more flexibility of runners than
controls. This difference might be due to the stretching
sessions during their training. More efforts should be paid to
improve flexibility in the Group A.

Scoring: One foot tick mark placed between center line and
outside line, each trip from center line across marker counts
as follows: Moving across right crosses tick (1), outside line
to right (2), then back tick (3), center (4), across left tick (5),
outside line to left (6), back tick (7), and center (8). One
completed cycle gives a score of eight points. A total score
within 1 s was taken.[6,7]

Agility testing by side step test showed significant increase in
agility score in Group B than in Group A. Improved agility by
agility training programes have implications in the reduction
of ligament injuries during the game.[8] In a study done by
Drinkwater among different ball game players and general
untrained college students found that the agility of the players
was better than the college students. Relay races require fast
directional turns during the game for which better agility is
very essential.[9] Good flexibility helps in avoiding various leg
attacks. The demanding kinetic characteristics of the players
requires more muscle power of the lower limbs and increased
flexibility for better performance and injury prevention.
Flexibility is also highly correlated to the athletes jumping
ability and as a result with lower limb strength, and therefore,
the reason that flexibility is a factor concluded in most research
studies that describe physical condition.[10] In a study done by
Amrinder Singh, there was no improvement in agility with
training.[1] Another study reported that improvements were
a result of enhanced motor unit recruitment patters. Neural
adaptation usually occurs when athletes respond or react as a
result of improved coordination between the central nervous
system signal and proprioceptive feedback.[1]

A statistical analysis was performed using SPSS 16.0. Mean
and standard deviation for agility and flexibility was calculated
and the difference between mean of the two groups was tested
using unpaired t-test, where significance of the P < 0.05.
Pearson correlation analysis was done for agility, flexibility
with SFT and BMI, and is significant at the 0.05 level.
RESULTS
Mean agility and flexibility score measured by side step test and
sit and reach test were found to be higher for runners compared
to controls and the difference was statistically significant
(P < 0.05) (Table 1). Mean agility score measured by side step
test was found higher for Group B compared to Group A, and
the difference was statistically significant (P < 0.05). Mean
flexibility test score was similar for both groups (Figure 2). No
correlation was found between agility and flexibility. There
was a negative correlation between flexibility and SFT, BMI;
agility and SFT but was not statistically significant.
DISCUSSION
The purpose of the study was to evaluate the effect of agility
and flexibility in runners, to correlate between them and with
SFT and BMI. In this study, both the groups were tested for
agility, runners scored better than controls. This defines the
agility of the players, a component enhanced due to training.
Flexibility score was very low in controls than runners
Table 1: Comparison of agility and flexibility between
runners and controls
Parameters

Runners

Controls

P values

Agility score

30.5±3.46

15.4±3.42

0.000*

Flexibility score

13.3±4.86

4.9±2.93

0.000*

*P value significance <0.05
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The results of this study showed no correlation between
flexibility and agility, it may be because flexibility is
unidirectional activity while agility is a multidirectional
performance. Flexibility method used in this study was static,
while agility is dynamic activity.[11] None of the studies gives
a correlation of agility and flexibility with SFT, BMI; in our
study, we could not find any correlation.
CONCLUSION
Improvement in agility and flexibility is seen after giving
training reducing the rate of injury and improving the
performance. No association was there between agility and
flexibility; also agility/flexibility with SFT and BMI. More
studies have to be done on agility and flexibility with SFT,
BMI to fill the gap.
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ABSTRACT
Introduction: Dyslipidaemia of Nephrotic Syndrome (NS) is
known to be linked to oxidative reactions and atherosclerosis.
Paraoxonase (PON1) has been implicated in the prevention
of Low Density Lipoprotein (LDL) lipid peroxidation and also
degrades biologically active oxidised lipids in lipoprotein.
Aim: The present study was taken up to assess PON1 levels in
paediatric nephrotic syndrome and also to see if any correlation
exists between lipid parameters and PON1.
Materials and Methods: This study consists of Group 1 with
40 cases of NS in the age group of 2-14 years and Group 2
with 40 age and sex matched healthy controls. Lipid profile and
paraoxonase activity was measured in serum samples of both
the groups.

Results: Statistical analysis by student’s t-test showed that
the mean levels of Total Cholesterol, Trigylycerides, LDL, and
VLDL were significantly increased in Group 1 when compared to
Group 2 (p <0.001). The mean levels of HDL were similar in both
groups. The levels of PON1 were significantly lowered in Group
1 when compared to Group 2. Correlation studies showed no
significant correlation between lipid profile and PON1.
Conclusion: Cases have atherosclerotic dyslipidaemia and
significantly decreased PON1 activity. Decreased PON1 may
lead to increased oxidation of LDL accelerating the process of
atherosclerosis.

Keywords: Atheroprotective enzyme, Atherosclerosis, Dyslipidemia, Hyperlipidemia, Nephrotic syndrome

Introduction
Hyperlipidaemia has been recognized as a common finding in
nephrotic patients since 1917. The lipid profile seen in Nephrotic
Syndrome (NS) is atherogenic and it predisposes to premature
Coronary Artery Disease (CAD) [1,2]. Hyperlipidaemia is not always
connected with nephrotic disease activity and may sometimes
persist for long time during remission, especially in frequently
relapsing NS which worsens further prognosis [3].
Human Serum Paraoxonase (PON1) is tightly associated with
apolipoprotein A1 in High Density Lipoprotein (HDL) and has
highest activity in the liver and blood. PON1 has been implicated in
the prevention of Low Density Lipoprotein (LDL) lipid peroxidation
and also degrades biologically active oxidized lipids in lipoprotein
[4,5]. Oxidized LDL formation in the sub endothelial space of
arterial wall is a key initial step in atherosclerosis. Moreover,
there is an inverse relationship between the level of oxidized lipid
products and PON1 activity. There is reduced activity of PON1
in subjects who are at high risk of developing atherosclerosis
[6,7]. NS in adulthood is associated with an increased risk of
atherosclerosis and coronary heart disease [8]. HDL from PON1
knockout mice cannot prevent oxidation of LDL in a co-culture
model (in mice liver cells and HepG2 Human Hepatoma cell lines)
simulating the artery wall and their macrophages contain more
oxidized lipid. The same is true in human population studies [9].
One prospective study has shown that reduced serum PON1
activity was an independent predictor of coronary disease [10].
Dyslipidaemia of NS is known to be linked to oxidative reactions.
The oxidative reactions cause endothelial dysfunction, increased
lipid oxidation. There is impaired activity of some antioxidant
enzymes in the acute phase of idiopathic NS i.e., PON1, that
may increase the risk of development of atherosclerosis [1].
It is important to know the antioxidant defense status i.e., PON1
activity in NS patients. Very few studies have investigated the
levels PON1 activity and its relation to dyslipidaemia in paediatric
NS in Indian population. There is dramatic improvement in the life
Journal of Clinical and Diagnostic Research. 2016 Mar, Vol-10(3): BC17-BC20

expectancy of children afflicted with NS over the last 15 years, so,
the occurrence of dyslipidaemia with its associated morbidity is of
particular concern.

aim
Hence, the present study was taken up with the aim to study
the derangement of serum lipids and PON1 activity in nephrotic
syndrome and also to know if any correlation exists between the
lipid parameters and PON1 activity.

Materials and Methods
It was a hospital based cross-sectional comparative study. The
study was conducted in Department of Biochemistry, Jawaharlal
Nehru Medical College, Belgaum, over a period of twelve months
from February 2010 to February 2011.

Study Participants and Groups
The study participants included two groups, Group 1 consisted of
40 cases of NS patients in the age group of 2 to 14 years of both
sex and Group 2 consisted of 40 age and sex matched healthy
controls.

Inclusion Criteria
Group 1 comprised of clinically, diagnostically confirmed cases of
NS in active phase (both newly diagnosed and old cases with acute
relapse), age 2 to 14 years of either sex admitted or attending the
paediatric unit of KLES Dr Prabhakar Kore Hospital and Medical
Research Centre, Belgaum. Group 2 consisted of age and sex
matched healthy children who were selected from among those
who came for routine immunization and follow up in the paediatric
Out Patient Department (OPD).

Exclusion Criteria
Familial hyperlipidaemia, patients with other renal pathology,
patients with liver disease, and malnourished children were
excluded from the study.
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Ethical Approval
Ethical clearance has been obtained from the Institutional Ethical
Clearance Committee, J. N. Medical College, Belgaum. The
study was conducted in accordance with the ethical standards
of the institutional research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. An informed consent was obtained from parents of
patients and control group before collecting the blood sample.
Patient details, clinical details and lab results were noted in the
proforma. We noted down the duration of illness, the number of
relapses the child had in the past, treatment history - whether the
child was given steroid therapy, compliance for the same was noted
for each patient to look for its correlation with PON1 [Table/Fig-1].
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allow the reaction to reach a steady state. The molar absorptivity
of 14000 M-1 cm-1 at pH 7.4 for the substrate p-nitrophenyl acetate
was used to calculate the PON1 activity in U/L [15].

Statistical analysis
The data was analysed by SPSS software. Results were expressed
as Mean ± SD. Student’s t-test and chi square test were used
for group wise comparisons. Relationship between variables was
measured by Karl Pearson’s correlation coefficient. A statistical
significance was set at 5% level of significance (p<0.05).

Results
Demographic parameters of both Group1 and Group 2 are shown
in [Table/Fig-2]. There was no statistical difference in the sex dis
tribution (p-value 0.178) and mean age between the two groups
both the groups were comparable.
The biochemical parameters i.e., lipid profile and PON1 of both the
groups are shown in [Table/Fig-3]. Statistical analysis by student’s
t-test showed that the mean levels of TC, TG, LDL, and VLDL
were significantly increased in Group1 when compared to Group 2
(p <0.001). The mean levels of HDL were similar in both groups as
shown in [Table/Fig-3]. The levels of PON1 are significantly lowered
in Group 1 when compared to Group 2 (p<0.001).
We also looked for any effect of steroid therapy in the past on
PON1 activity in the acute phase of NS. Comparative analysis of
PON1 in old cases of NS with acute relapse among the subjects
from group1, who were treated with steroids (n=23) and cases
who did not receive steroid therapy in the past (n=09) showed that
the levels of PON1 were significantly higher in cases who have not
received steroid therapy in comparison to patients who received
steroid therapy with a p-value of 0.033 as shown in [Table/Fig-4].

[Table/Fig-1]: Categorization of Study participants in Group 1

Sample collection
5ml of venous blood was collected from the patients and controls
under aseptic precautionary measures using disposable syringe in
plain tubes. The blood was allowed to clot for 30 minutes. Serum
was then separated by centrifugation for 10 minutes at 2000 rpm
within one hour of collection and analysed within 24 hours or kept
at -200C if analysis was delayed.

Method of assay
The following parameters were analysed from the serum
sample: Total cholesterol (TC) by CHOD/PAP Enzymatic method
[11]; HDL-C by Polyethylene glycol precipitation method [12];
Triglycerides (TG) by GPO-PAP enzymatic method [13]. LDL, VLDL
– calculated by Friedewald’s formula [14].
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We found no significant correlation between lipid profile para
meters- TC, TG, HDL, LDL, VLDL and PON1 (p>0.05) within the
groups. But the relation was different in both the groups. Group 1
showed a negative correlation between non HDL lipids and PON1,
whereas Group 2 showed a positive relation. HDL correlated
positively with PON1 in Group 1, whereas the relation was negative
in case of Group 2 as shown in [Table/Fig-5]. Additionally, when
we looked for correlation between duration of illness and PON1 in
Group 1, we found no significant correlation (p>0.05). [Table/Fig-6]
shows the correlation based on the duration of illness.
Parameters

Group 1

Group 2

Age (in years ± SD)

6.2 ± 3.2

7.1 ± 2.4#

Males (n)

25

19#

Females(n)

15

21#

[Table/Fig-2]: Comparison of demographic parameters in Group 1 and Group 2.
#
p>0.05 (not significant)
Parameters

Group 1 (n=40)

Group 2 (n=40)

p

The analysis was done spectrophotometrically using coral reagent
kits from CREST BIOSYSTEMS, INDIA.

Total cholesterol (mg/dL)

364 ± 94.6

168.0 ± 24.5**

<0.001

Triglycerides (mg/dL)

285.8 ± 88.2

129.4 ± 29.6**

<0.001

PON1 activity was tested by Spectrophotometric method using
P-nitrophenyl acetate (from ACROS ORGANICS) as a substrate.
The increase in the absorbance at 402 nm due to formation of
p-nitrophenol was measured. 50µL serum was added to 2ml
of Tris-HCl buffer (25mM, pH 7.4, 25ºC) containing 1.0mM
CaCI2, and 5.5 mM/L p-nitrophenyl acetate. For non-enzymatic
hydrolysis of p-nitrophenyl acetate, 2 ml of buffer was taken in
spectrophotometric cuvette and 50 μl of substrate was added to
it. The rate of change in absorbance (A) was monitored at 30,
60, 90,120 and 150 seconds at 402 nm. The ΔA (rate of change
in absorbance)/min was calculated. The difference in absorbance
was calculated by deducting the ΔA obtained by non enzymatic
hydrolysis of substrate from ΔA obtained in the presence of serum.
The calculation was done omitting the first 30 seconds in order to

HDL (mg/dL)

50.7 ± 15.5

49.3 ± 6.0#

>0.05

LDL (mg/dL)

256.7 ± 83.3

92.4 ± 24.1**

<0.001

VLDL (mg/dL)

57.8 ± 18.4

26.0 ± 5.8**

<0.001

PON1 (IU/L)

218.7 ± 35.3

302.3 ± 43.4**

<0.001

[Table/Fig-3]: Comparison of lipid profile and PON1 in Group1 and Group 2 (values
expressed as mean ± SD).
#
p>0.05 (not significant), *p<0.05 (significant), **p<0.001 (highly significant)
Steroid therapy in the past
PON1 (IU/L )± SD

Received (n=23)
212.0 ± 32.2

Not received (n=09)

p

238.0 ± 20.5*

<0.05

[Table/Fig-4]: Comparison of PON1 with respect to steroid therapy received in the
past among old cases in Group1.
*p<0.05 (significant)
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Parameters
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PON1 in
Group 1
(n=40)
r

p

PON1 in
Group 2
(n=40)
r

p

Total cholesterol (mg/dL)

-0.22

0.16

0.08

0.62#

Triglycerides (mg/dL)

-0.25

0.12

0.25

0.13#

HDL (mg/dL)

0.10

0.53#

-0.09

0.60#

LDL (mg/dL)

-0.21

0.18

0.06

0.72#

VLDL (mg/dL)

-0.26

0.10

0.26

0.11#

#
#

#
#

[Table/Fig-5]: Correlation between lipid profile and PON1 in Group 1 and Group 2.
#
p>0.05 (not significant)
Variables

r

p

Duration of illness vs POM

-0.1802

0.2659#

[Table/Fig-6]: Correlation between duration of illness (in years) and POM and in
Group1.
#
p>0.05 (not significant)

Discussion

In agreement with previous studies [1,16-19] our subjects in
Group 1 had significantly increased levels of TC, TG, LDL and
VLDL in comparison to Group 2 (p <0.001). In contrast to the
study done by El-Melegy et al., who found lower levels of HDL in
cases, we found no significant differences in the mean levels of
HDL between Group 1 and Group 2 [1]. This is in accordance to
study done by Muls et al., who found normal levels of HDL in NS
[20]. They also reported abnormal distribution of HDL subtypes.
Also, Hu P et al., observed higher levels of HDL in nephrotic cases
compared to controls [19]. There is increased levels of HDL3 and
decreased HDL2 [20-22] which measured together give normal
values for total HDL, but result in defective reverse cholesterol
transport pathway.
Hyperlipidaemia and dyslipidaemia in NS occurs due to
abnormalities in lipoprotein metabolism i.e. increased synthesis of
VLDL, LDL, decreased catabolism of VLDL and LDL and altered
reverse cholesterol transport pathways. The exact cause for these
disturbances is not yet clear [8].
Further, we also found in this study, the levels of enzyme PON1
that hydrolyses oxidized lipids, is decreased significantly in Group
1 when compared to Group 2 as shown in [Table/Fig-3]. This is
in accordance to studies done by researchers Kniażewska MH
and Ece et al., [16,23]. The phenotypic changes induced by
hyperlipidaemia in microcirculation leads to platelet activation,
lipid peroxidation and generation of radicals; the mediator being
oxidative and nitrosative stresses which along with impaired activity
of some antioxidant enzymes-PON1 in the acute phase of NS
increase the risk of early atherosclerosis development [1,16,2326]. Pathology studies have established that atherosclerotic
disease begins in childhood and will progress faster if risk factors
are present [27]. With hyperlipidaemia in NS, there is increased
accumulation of lipoproteins in intima of blood vessels which due
to changes induced by free radicals get oxidized to ox LDL and
ingested by macrophages via scavenger receptors forming foam
cells. Once ox LDL saturates macrophages and smooth muscle
cells start accumulating lipids, the process of atherosclerosis
becomes progressive and cannot be reversed back [27].
The formation of biologically active oxidized lipids can be prevented
by the antioxidants present in LDL and the microenvironment where
LDL is trapped. The decrease in PON1 levels leads to elevated
levels of ox LDL, as the antioxidant activity of the HDL is reduced.
This results in increased lipid peroxidation of lipoproteins and
elevated levels of lipid hydroperoxides with decreased hydrolysis
of ox LDL predisposing to the risk of atherosclerosis [25,28-30].
This relationship between PON1 activity and lipid peroxidation of
lipoproteins is also confirmed by another study which established
a negative correlation between HDL-PON1 activity and the levels
of lipid hydroperoxides associated with HDL and LDL [30].
Journal of Clinical and Diagnostic Research. 2016 Mar, Vol-10(3): BC17-BC20

Additionally, in our study we found the levels of PON1 are
significantly higher in active cases who have not received steroid
therapy in the past in comparison to patients who received
steroid therapy (among the old cases of Group 1) as seen in
[Table/Fig-4]. This suggests that steroids will neither suppress the
oxidative stress nor correct the lipid abnormalities in NS [23] and
some other modality of treatment is required to prevent formation
of oxidized lipids. The results of study done by researchers
suggest that nephrotic children may have prolonged periods of
hyperlipidaemia even after clinical remission [31]. The abnormal
lipid profile is more likely seen in children with frequent relapses
even during their remission [32]. Lipid abnormalities seen in NS
constitutes atherogenic dyslipidaemia and can predispose to
subclinical atherosclerosis in adulthood. This necessitates the
coronary artery disease risk assessment and intervention in
paediatric population [33].
We found no significant correlation between TC, TG, LDL, VLDL
and PON1 in both Group 1 and Group 2. This is in accordance
to a study done in healthy children in Slovakia who found no
correlation between PON1 and lipid parameters [7]. We found no
significant correlation between HDL and PON1 in Group 1 and
Group 2. Some studies have shown a positive correlation between
HDL and PON1 [4,23,34,35]. In a study in adult population there
was a positive correlation between PON1 and LDL, VLDL in cases
with vascular diseases and in controls PON1 correlated with HDL
[36]. The relationship of PON1 and lipid profile is different in Group
1 versus Group 2 in our study though not statistically significant
[Table/Fig-5], suggests other factors influenced PON1 activity
more in cases than in controls. One of these factors may be the
co-regulation of the PON1 activity with lipoprotein levels. The joint
regulation of PON1 with lipoproteins differs in these two groups,
suggesting PON1 activity predicts risk of atherosclerosis.

Limitations
HDL subtypes were not estimated separately. Ox LDL which
would be a better marker to estimate the risk of atherosclerosis
and correlate with PON1 activity was not measured due to cost
reasons.

Conclusion
In total the cases of NS had significant increased levels of all lipids
except for HDL cholesterol. Also PON1 activity is significantly
decreased in these cases indicating decreased antioxidant
capacity to prevent lipid oxidation. Steroid therapy in the past
for relapsers did not improve lipid profile or PON1 levels in acute
relapse. Hyperlipidaemia with decreased antioxidant capacity due
to reduced PON1 collectively predisposes the NS patients to the
risk of atherosclerosis. PON1 could be used as a marker along
with Lipid profile to assess risk for atherosclerosis in NS.
Thus, it can be stated that Nephrotic syndrome is associated
with dyslipidaemia and decreased levels of PON1, which may
accelerate the development of atherosclerosis and thus requires
monitoring of these parameters and finding new approaches
towards treating them.

Acknowledgements
Authors wish to thank Mr. Javali, Statistician, Mr. Mahantesh Ilkal,
Technician for their kind assistance to carry out the study.

References

[1] El-Melegy NT, Mohamed NA, Sayed MM. Oxidative modification of low-density
lipoprotein in relation to dyslipidaemia and oxidant status in children with steroid
sensitive nephrotic syndrome. Paediatr Res. 2008;63(4):404-09.
[2] Grundy SM. Atherogenic dyslipidaemia: lipoprotein abnormalities and implications
for therapy. Am J Cardiol.1995;75(6):45B-52B.
[3] Ksiazek J, Ciechanowicz A, Wierzbicka A, Syczewska M, Grenda R. Is
dyslipidaemia sustained during remission of nephrotic syndrome genetically
determined? Evaluation of genetic polymorphisms of proteins involved in

19

Vijayetha P. Patil et al., Paraoxonase Levels in Paediatric Nephrotic Syndrome

[4]

[5]

[6]
[7]
[8]
[9]
[10]

[11]
[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

lipoprotein metabolism in children and adolescents with nephrotic syndrome. Pol
Arch Med Wewn. 2009;119(1-2):11-16.
Abbott CA, Mackness MI, Kumar S, Boulton AJ, Durrington PN. Serum
paraoxonase activity, concentration, and phenotype distribution in diabetes
mellitus and its relationship to serum lipids and lipoproteins. Arterioscler Thromb
Vasc Biol. 1995;15(11):1812-18.
Gur M, Yildiz A, Demirbag R, Yilmaz R, Aslan M, Ozdogru I, et al. Paraoxonase
and arylesterase activities in patients with cardiac syndrome X, and their
relationship with oxidative stress markers. Coron Artery Dis. 2007;18(2):89-95.
James RW. A long and winding road: defining the biological role and clinical
importance of Paraoxonases. Clin Chem Lab Med. 2006;44(9):1052-59.
Sumegova K, Nagyova Z,Waczulikova I, Zitnanova I, Durackova Z . Activity of
Paraoxonase1 And Lipid Profile In Healthy Children. Physiol. Res. 2007;56:351-57.
Eddy AA, Symons JM. Nephrotic syndrome in childhood. Lancet. 2003; 62(9384):
629-39.
Getz GS and Catherine A. Paraoxonase, a cardioprotective enzyme: continuing
issues. Reardon Curr Opin Lipidol. 2004;15:261–67.
Mackness B, Durrington P, McElduff, P, Yarnell J, Azam N, Watt M, et al. Low
paraoxonase Activity Predicts Coronary Events in the Caerphilly Prospective
Study. Circulation. 2003;107:2775-79.
Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzymatic determination of
total serum cholesterol. Clin Cem.1974;20(4):470-75.
Warnick GR, Nguyen T, Albers AA. Comparison of improved precipitation methods
for quantification of high-density lipoprotein cholesterol. Clin Chem.1985;31(2):
217-22.
Bucolo G, David H. Quantitative determination of serum Triglycerides by the use
of enzymes. Clin Chem. 1973;19(5):476-82.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem. 1972;18(6):499-502.
Dantoine TF, Debord J, Charmes JP, Merle L, Marquet P, Lachatre G, et al.
Decrease of serum paraoxonase activity in chronic renal failure. J Am Soc
Nephrol. 1998;9(11):2082-88.
Kniazewska MH, Obuchowicz AK, Wielkoszynski T, Zmudzinska-Kitczak J,
Urban K, Hyla-Klekot L. Evaluation of certain constituents of antioxidant defense
in youth treated in the past for steroid-sensitive idiopathic nephrotic syndrome.
Paediatr Nephrol. 2009;24(11):2187-92.
Querfeld U, Gnasso A, Haberbosch W, Augustin J, Schärer K. Lipoprotein profiles
at different stages of the nephrotic syndrome. Eur J Paediatr. 1988;147(3):
233-38.
Poloczek BS, Tomasik A, Tarnawski R, Hyla-Klekot L, Dyduch A, Wojciechowska
C, et al. Nephrotic origin hyperlipidaemia, relative reduction of vitamin E level
and subsequent oxidative stress may promote atherosclerosis. Nephron.
2001;89(1):68-72.
Hu P, Lu L, Hu B, Du PF. Characteristics of lipid metabolism under different
urinary protein excretion in children with primary nephrotic syndrome. Sc and J
Clin Lab Invest. 2009;69(6):680-86.
Muls E, Rosseneu M, Daneels R, Schurgers M, Boelaert J. Lipoprotein
distribution and composition in the human nephrotic syndrome. Atherosclerosis.
1985;54(2):225-37.

www.jcdr.net
[21] Attman PO, Alaupovic P. Pathogenesis of hyperlipidaemia in nephrotic syndrome.
Am J Nephrol.1990;10(1):69-75.
[22] Wheeler DC, Bernard DB. Lipid abnormalities in the nephrotic syndrome: causes,
consequences, and treatment. Am J Kidney Dis. 1994;23(3):331-46.
[23] Ece A, Atamer Y, Gürkan F, Davutoğlu M, Koçyiğit Y, Tutanç M. Paraoxonase,
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Subclinical respiratory dysfunction in chronic cervical
cord compression: a pulmonary function test correlation
Indira Devi Bhagavatula, MCh,1 Dhananjaya I. Bhat, MCh,1 Gopalakrishnan M. Sasidharan, MCh,2
Rakesh Kumar Mishra, MBBS,1 Praful Suresh Maste, MCh,3 George C. Vilanilam, MCh,4 and
Talakkad N. Sathyaprabha, MD5
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Department of Neurosurgery, Jawaharlal Institute of Postgraduate Medical Education and Research, Puducherry; 3Jawaharlal
Nehru Medical College, Belgaum; and 4Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum, India

Objective Respiratory abnormalities are well documented in acute spinal cord injury; however, the literature available
for respiratory dysfunction in chronic compressive myelopathy (CCM) is limited. Respiratory dysfunction in CCM is often
subtle and subclinical. The authors studied the pattern of respiratory dysfunction in patients with chronic cord compression by using spirometry, and the clinical and surgical implications of this dysfunction. In this study they also attempted to
address the postoperative respiratory function in these patients.
Methods A prospective study was done in 30 patients in whom cervical CCM due to either cervical spondylosis or
ossification of the posterior longitudinal ligament (OPLL) was diagnosed. Thirty age-matched healthy volunteers were
recruited as controls. None of the patients included in the study had any symptoms or signs of respiratory dysfunction.
After clinical and radiological diagnosis, all patients underwent pulmonary function tests (PFTs) performed using a standardized Spirometry Kit Micro before and after surgery. The data were analyzed using Statistical Software SPSS version
13.0. Comparison between the 2 groups was done using the Student t-test. The Pearson correlation coefficient was
used for PFT results and Nurick classification scores. A p value < 0.05 was considered significant.
Results Cervical spondylotic myelopathy (prolapsed intervertebral disc) was the predominant cause of compression (n
= 21, 70%) followed by OPLL (n = 9, 30%). The average patient age was 45.06 years. Degenerative cervical spine disease
has a relatively younger onset in the Indian population. The majority of the patients (n = 28, 93.3%) had compression at or
above the C-5 level. Ten patients (33.3%) underwent an anterior approach and discectomy, 11 patients (36.7%) underwent
decompressive laminectomy, and the remaining 9 underwent either corpectomy with fusion or laminoplasty.
The mean preoperative forced vital capacity (FVC) (65%) of the patients was significantly lower than that of the controls
(88%) (p < 0.001). The mean postoperative FVC (73.7%) in the patients showed significant improvement compared with the
preoperative values (p = 0.003). The mean postoperative FVC was still significantly lower than the control value (p = 0.002).
The mean preoperative forced expiratory volume in 1 second (FEV1) (72%) of the patients was significantly lower than
that of the controls (96%) (p < 0.001). The mean postoperative FEV1 (75.3%) in the cases showed no significant improvement compared with the preoperative values (p = 0.212). The mean postoperative FEV1 was still significantly lower than
the control value (p < 0.001). The mean postoperative FEV1/FVC was not significantly different from the control value (p =
0.204). The mean postoperative peak expiratory flow rate was significantly lower than the control value (p = 0.01). The mean
postoperative maximal voluntary ventilation was still significantly lower than the control value (p < 0.001). On correlating the
FVC and Nurick scores using the Pearson correlation coefficient, a negative correlation was found.
Conclusions There is subclinical respiratory dysfunction and significant impairment of various lung capacities in
patients with CCM. The FVC showed significant improvement postoperatively. Respiratory function needs to be evaluated and monitored to avoid potential respiratory complications.
http://thejns.org/doi/abs/10.3171/2016.3.FOCUS1647

Key Words spirometry; chronic compressive myelopathy; cord compression; pulmonary function test; subclinical
respiratory depression; cervical spondylotic myelopathy

Abbreviations CCM = chronic compressive myelopathy; CSM = cervical spondylotic myelopathy; FEV1 = forced expiratory volume in 1 second; FEV1/FVC = ratio of
FEV1 to FVC; FVC = forced vital capacity; MVV = maximal voluntary ventilation; OPLL = ossification of the posterior longitudinal ligament; PEFR = peak expiratory flow rate;
PFT = pulmonary function test; VC = vital capacity.
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espiratory dysfunction is one of the leading causes
of morbidity and mortality after cervical spine injury.1,4,5,7,10–12,14,16,19 Respiratory abnormalities and
complications are well documented after acute spinal cord
injury; however, the literature for respiratory abnormalities in patients with chronic cord compression is limited.
The aim of this study was to look for potential respiratory
dysfunction and for surgical outcomes in patients with
cervical chronic compressive myelopathy (CCM).

Review of the Literature

Often the respiratory changes in patients with chronic
cord compression are subtle and subclinical.13,17 The studies considered in this review suggest that the abnormality
is subclinical, can involve inspiratory or expiratory flow
differently, and can be complete or incomplete.
Patients with chronic cervical cord compression often
do not have overt signs and symptoms of respiratory dysfunction—hence, respiratory function is often ignored in
these patients.13,17 It is important to evaluate these patients
for subclinical respiratory dysfunction because of their
high risk of intraoperative and postoperative respiratory
complications.17

Methods

Approval was obtained from the Institute’s ethics committee for this study in humans. A prospective study was
done in 30 patients in whom cervical CCM due to either
cervical spondylosis or ossification of the posterior longitudinal ligament (OPLL) was diagnosed. Thirty age- and
sex-matched, healthy volunteers were recruited as controls.
None of the patients included in the study had any symptoms or signs of respiratory dysfunction. Patients with traumatic injury to the cervical spine and patients undergoing
repeat surgery were not included in this study.
All patients were clinically examined and evaluated
with MRI with or without CT scanning of the cervical
spine to determine the level of compression. Nurick classification was used to assess the neurological status before and after surgery. All patients underwent pulmonary
function tests (PFTs) using a standardized Spirometry Kit
Micro (COSMED) before and after surgery. If a cervical
collar was being used, it was removed during the procedure. The PFT was conducted in the neurophysiology
laboratory by a qualified physiologist with special interest
in neurophysiology and respiratory physiology. For those
patients who could not be moved to the laboratory, bedside
PFT was conducted by one of the medical doctors from
the neurophysiology laboratory. The laboratory had normative data for age- and sex-matched subjects. The controls were healthy volunteers—hence, reading and reporting of the results were always done by neurophysiologists.
As per our standard policy, PFT is done as part of the
preoperative planning in these patients, and the neurophysiologist was not aware of the extent of the disease.
Hence, no specific blinding was performed. The spirometric parameters measured were forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV1), ratio
of FEV1 to FVC (FEV1/FVC), peak expiratory flow rate
(PEFR), and maximal voluntary ventilation (MVV). The
2

predicted values of the spirometric parameters were based
on the patient’s height, age, and sex. The percentage of
predicted values was used for comparison. The data were
analyzed using Statistical Software SPSS version 13.0. All
values were expressed as the mean ± SD. Comparison between the 2 groups was done using the Student t-test. The
relationship between PFT and Nurick scores was studied
using the Pearson correlation coefficient. A p value < 0.05
was considered significant. Postoperatively PFT was done
at an average of 17 weeks after the surgery (range 5–44
weeks). The pre- and postoperative spirometric values were
obtained and compared with those of the control group.

Results

Thirty patients were included in the study. The spirometric values (percentage of predicted value) were compared with 30 healthy controls.
Table 1 shows the age distribution of the sample. The
average age of the patients was 45.06 years (range 30–67
years) and the average age of the controls was 42.8 years
(range 27–62 years). Nineteen (63.3%) patients were in
the 30- to 50-year age group. There was no significant
difference between the mean age of the patients and the
controls (Pearson correlation coefficient = 0.928). The average body mass index of the patient and control groups
was 23.36 and 24.12, respectively, with no significant difference between the 2 groups (p = 0.243). The majority of
the patients were male.
Table 2 shows the various causes of cord compression.
The predominant cause of compression was cervical spondylotic myelopathy (CSM; prolapsed intervertebral disc)
(n = 21, 70%), followed by OPLL (n = 9, 30%). All patients
had presented clinically with signs and symptoms of myelopathy.
Table 3 shows the levels of compression. The majority
of the patients (93.3%) had compression at or above the
C-5 level. The average duration of signs and symptoms
was 20.36 months (range 1–204 months).
Treatment and Outcomes
All patients underwent surgery. The various surgical
procedures that were performed are detailed in Table 4.
The neurological grade of the patients pre- and postoperatively are as shown in Table 5. The majority of the patients
improved neurologically, as is evident from this table. Preoperatively only 2 patients were categorized in the good
neurological grade (Grades 0–2). Postoperatively the number increased to 15. Postoperatively PFTs were done at an
TABLE 1. Age distribution in adult patients with cervical CCM
Age Group (yrs)

No. of Pts

%

No. of Controls

%

21–30
31–40
41–50
51–60
61–70
Total

1
10
8
6
5
30

3.3
33.3
26.7
20.0
16.7
100

1
13
5
6
5
30

3.3
43.3
16.7
20.0
16.7
100

Pts = patients.
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TABLE 2. Causes of cord compression in patients with cervical
CCM
Etiology

No. of Pts

%

CSM
OPLL
Total

21
9
30

70.0
30.0
100

average of 17 weeks after the surgery (range 5–44 weeks).
The preoperative and postoperative spirometric values
obtained and their comparison with those of the control
group is as follows.
Pulmonary Function Test Findings
Forced Vital Capacity
As shown in Fig. 1, the mean preoperative FVC (65%)
of the patients was significantly lower than that of the
controls (88%) (p < 0.001). The mean postoperative FVC
(73.7%) in the patients showed significant improvement
compared with the preoperative values (p = 0.003). The
mean postoperative FVC was still significantly lower than
the control value (p = 0.002).
Forced Expiratory Volume in 1 Second

As shown in Fig. 2, the mean preoperative FEV1 (72%)
of the patients was significantly lower than that of the
controls (96%) (p < 0.001). The mean postoperative FEV1
(75.3%) in the cases showed no significant improvement
compared with the preoperative values (p = 0.212). The
mean postoperative FEV1 was still significantly lower than
the control value (p < 0.001).
Ratio of FEV1 to FVC

As shown in Fig. 3, the mean preoperative FEV1/FVC
(114.5%) of the patients was almost equal to that of the
controls (114.6%) (p = 0.983). The mean postoperative
FEV1/FVC (109%) was also similar compared with the
preoperative values (p = 0.453). The mean postoperative
FEV1/FVC was not significantly different from the control
value (p = 0.204).
Peak Expiratory Flow Rate

As shown in Fig. 4, the mean preoperative PEFR
(56.6%) of the patients was significantly lower than that of
the controls (68.3%) (p = 0.032). The mean postoperative
PEFR (55.1%) in the cases showed no significant improvement compared with the preoperative values (p = 0.64).
The mean postoperative PEFR was significantly lower
than the control value (p = 0.01).
Maximal Voluntary Ventilation

As shown in Fig. 5, the mean preoperative MVV (67%)

TABLE 3. Level of compression in patients with cervical CCM
Level of Compression

No. of Pts

%

At/above C-5
Below C-5
Total

28
2
30

93.3
6.7
100

TABLE 4. Treatment in patients with cervical CCM
Surgical Procedure

No. of Pts

%

Anterior approach & discectomy
Corpectomy w/ fusion
Decompressive laminectomy
Laminoplasty
Total

10
5
11
4
30

33.3
16.7
36.7
13.3
100

of the patients was significantly lower than that of the
controls (97%) (p < 0.001). The mean postoperative MVV
(68.8%) in the cases showed significant improvement compared with the preoperative values (p = 0.64). The mean
postoperative MVV was still significantly lower than the
control value (p < 0.001).
Relationship Between FVC and Nurick Scores

As shown in Fig. 6, on correlating the FVC and Nurick
scores using the Pearson correlation coefficient, a negative
correlation was found—i.e., higher FVC levels were associated with lower Nurick scores (good grades). There were no
intraoperative or postoperative respiratory complications.

Discussion

In the present study the patients were much younger
than the Western population, and the level of compression in the majority was at C-5 and above. None of the
patients had any comorbidities or premorbid respiratory
dysfunction. The pulmonary function testing was done by
a physiologist with specific interest in pulmonary physiology. Pulmonary function testing was done for all patients
admitted with cervical spine pathology. The present study
showed that there is subclinical respiratory dysfunction in
the form of impairment of FVC, FEV1, FEV1/FVC, PEFR,
and MVV in patients with cervical CCM. The impairment
of these lung capacities was significant in comparison with
healthy controls. Postoperatively the FVC showed significant improvement, possibly due to improvement in function of the diaphragm. However, the other parameters did
not show any significant change. The study also showed
that although there was a significant improvement in the
FVC values, the improvement did not equal the control values. The results were commensurate to the earlier studies
by Toyoda et al.17 and Ishibe and Takahashi,9 in which they
reported lower values for % vital capacity (%VC), %FVC,
PEFR, and increased respiratory rate and expiratory velocities at 50% and 25% of vital capacity. Yanaka et al.18 reTABLE 5. Neurological grade pre- and postoperatively in patients
with cervical CCM
Nurick Grade

Preop

Postop

0
1
2
3
4
5

0
1
1
12
14
2

1
4
10
12
2
1
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FIG. 1. Graph showing the mean FVC in the control population (left) and
in the patient population pre- (center) and postoperatively (right).

ported low tidal volumes that showed significant improvement after surgery. Our study also shows that FVC tends to
be lower in patients with worse neurological grades.
Toyoda et al.17 have speculated that respiratory dysfunction associated with cervical CCM may be due either
to less severe damage to the respiratory tracts due to resistance to the chronic compressive stress, or to the potential
compensatory reactions of the cervical spinal cord to pre-

FIG. 2. Graph showing the mean FEV1 in the control population (left)
and in the patient population pre- (center) and postoperatively (right).
4

FIG. 3. Graph showing the mean FEV1/FVC in the control population
(left) and in the patient population pre- (center) and postoperatively
(right).

serve the respiratory system. In terms of the mechanism
of respiratory dysfunction in patients with cervical CCM,
several authors have reported impairment of anterior C5–
T1 nerve roots that supply motor, sensory, and autonomic
fibers to the upper thorax, shoulder, and arms; however,
the exact mechanism of the impaired but preserved respiratory function in CCM awaits elucidation.17

FIG. 4. Graph showing the mean PEFR in the control population (left)
and in the patient population pre- (center) and postoperatively (right).

Neurosurg Focus Volume 40 • June 2016
Brought to you by KLEUs Jawaharlal Nehru Medical College | Unauthenticated | Downloaded 07/13/20 06:08 AM UTC

Subclinical respiratory dysfunction in chronic cord compression

FIG. 6. Graph showing a negative correlation of FVC and Nurick scores.

FIG. 5. Graph showing the mean MVV in the control population (left)
and in the patient population pre- (center) and postoperatively (right).

Ishibe and Takahashi9 quote a study in which it is reported that %VC significantly decreased in patients with
low neurological scores compared with those with moderate to high scores, and that respiratory and psychological complications were higher in the former group of patients.8 Respiratory insufficiency has been cited as a major
postoperative complication associated with cervical spine
surgery, especially performed via an anterior cervical approach,2,15 which was partly because the surgery compromised airway function. Additionally, in cases requiring
posterior cervical surgery, placing a patient prone may
compromise respiratory function. Preoperative subclinical respiratory dysfunction can also lead to intraoperative
or postoperative respiratory insufficiency. In summary,
there is a possibility of a subclinical disorder in respiratory function in patients with cervical CCM. Although
the outcome associated with the disorder would be mild,
without significant symptoms, its subclinical pathological
background should be considered in postoperative management to avoid the potential respiratory complications
in such patients.3,9
Ishibe and Takahashi9 also reported that the higher the
level of lesion and with multiple levels of compression, the
more impairment there is of %VC. The %VC also correlated with the preoperative neurological score. Respiratory dysfunction is a well-known serious complication after cervical spine injury, causing significant morbidity and
mortality. However, respiratory function in cervical CCM
has not been studied extensively. It is known that vital
capacity is affected both by compliance of the lungs and
chest wall and by the strength of the respiratory muscles,
of which the diaphragm is the main inspiratory muscle,
aided by the intercostal muscles. The diaphragm is innervated by the phrenic nerve, which originates from C-3 to
C-5 nerve roots, whereas the intercostals are supplied by

the intercostal nerves originating from the thoracic segments. Impulses from the higher respiratory centers to the
respiratory motor neurons are carried by the reticulospinal
tracts located in the anterior part of the spinal cord. It has
been shown that damage to these tracts during cervical
cordotomies can impair spontaneous respiratory activity.
Injury to the cervical cord at or above C-5 causes reduction in the FVC as well as other lung capacities. However,
because the diaphragm is the main inspiratory muscle, reduction in FVC is most marked.
Yanaka et al.18 state that the scales routinely used for
measuring the neurological status take into account the
motor, sensory, and urinary disturbances. The tracts subserving these functions (the corticospinal, the lateral spinothalamic, and the posterior column tracts) are located
in the posterior two-thirds of the spinal cord in the axial
plane. Hence, these scores may not be indicative of the
degree of respiratory impairment caused by the damage to
the descending respiratory tracts, which are located in the
most anterior part of the spinal cord. So Yanaka et al. suggest that measurement of lung volumes can be a method of
evaluating the function of the spinal cord.
The pathophysiological cause of respiratory dysfunction may be damage to the segments from which the
phrenic nerves originate, loss of motor input to the intercostals from the higher centers, loss of muscle tone, and
loss of sympathetic input. However, the exact pathophysiology is not known. The reason for subclinical respiratory
dysfunction may be either a milder stress as a result of the
chronic nature of the compression, predominant compression of the posterior two-thirds of the cord, or plasticity
of the respiratory pathways. Although the respiratory dysfunction was subclinical, it assumes importance in view
of the potential intraoperative or postoperative respiratory
complications like atelectasis and pneumonia. Respiratory complications in anterior cervical spine surgery are
known to be mainly due to airway problems, which can
be aggravated by the subclinical respiratory dysfunction
or vice versa. Fujibayashi et al.6 reported bilateral phrenic
nerve palsy as a complication of anterior decompression
and fusion for cervical OPLL. They opined that the complication may be due to either bilateral C-4 nerve root
stretching, iatrogenic injury of the gray matter in the venNeurosurg Focus Volume 40 • June 2016
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tral horn, alteration of blood circulation related to spinal
edema, or reimpingement on the spinal cord at the cranial
part of the decompression site. Also, positioning a patient
prone for posterior cervical surgery may accentuate the respiratory dysfunction.9
We suggest that spirometry is not a one-time test and
that repeated evaluation at longer follow-up may show
more improvement and can be useful in predicting the
beneficial effect of the decompression.

Conclusions

There is subclinical respiratory dysfunction in patients
with CCM, and there is significant impairment of the various lung capacities. In this study the FVC showed significant improvement postoperatively. Repeat spirometric
evaluation at later periods may show further improvement.
Respiratory function needs to be evaluated and monitored
to avoid potential respiratory complications, both intraoperatively and postoperatively. Pulmonary function tests
may also be used as a tool for evaluation and monitoring
of the cervical spinal cord.
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What happens to knowledge and skills over
time?
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Abstract
Background: The first minutes after birth are critical to reducing neonatal mortality. Helping Babies Breathe (HBB) is
a simulation-based neonatal resuscitation program for low resource settings. We studied the impact of initial HBB
training followed by refresher training on the knowledge and skills of the birth attendants in facilities.
Methods: We conducted HBB trainings in 71 facilities in the NICHD Global Network research sites (Nagpur and
Belgaum, India and Eldoret, Kenya), with a 6:1 ratio of facility trainees to Master Trainers (MT). Because of staff
turnover, some birth attendants (BA) were trained as they joined the delivery room staff, after the initial training
was completed (catch-up initial training). We compared pass rates for skills and knowledge pre- and post- initial
HBB training and following refresher training among active BAs. An Objective Structured Clinical Examination
(OSCE) B tested resuscitation skill retention by comparing post-initial training performance with pre-refresher
training performance. We identified factors associated with loss of skills in pre-refresher training performance using
multivariable logistic regression analysis. Daily bag and mask ventilation practice, equipment checks and supportive
supervision were stressed as part of training.
Results: One hundred five MT (1.6 MT per facility) conducted initial and refresher HBB trainings for 835 BAs; 76%
had no prior resuscitation training. Initial training improved knowledge and skills: the pass percentage for
knowledge tests improved from 74 to 99% (p < 0.001). Only 5% could ventilate a newborn mannequin correctly
before initial training but 97% passed the post-initial ventilation training test (p < 0.0001) and 99% passed the OSCE
B resuscitation evaluation. During pre-refresher training evaluation, a mean of 6.7 (SD 2.49) months after the initial
training, 99% passed the knowledge test, but the successful completion rate fell to 81% for the OSCE B
resuscitation skills test. Characteristics associated with deterioration of resuscitation skills were BAs from tertiary care
facilities, no prior resuscitation training, and the timing of training (initial vs. catch-up training).
Conclusions: HBB training significantly improved neonatal resuscitation knowledge and skills. However, skills
declined more than knowledge over time. Ongoing skills practice and monitoring, more frequent retesting, and
refresher trainings are needed to maintain neonatal resuscitation skills.
(Continued on next page)
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Background
Millennium Development Goal 4 called for a two-thirds reduction in mortality of children under 5 years of age from
1990 rates by 2015 [1]. Between 1990 and 2013 under five
mortality decreased from 12.7 to 6.3 million annual deaths,
but the Millennium Development Goal was not met because
the neonatal mortality rate decreased by only 40%, from 4.7
to 2.8 million, during this same time period. Because the decline in neonatal mortality was slower than the decline in
post neonatal mortality, neonatal mortality represents an increasing proportion of the under five deaths (~45%). At
current rates, it will be over 150 years before African newborns have the same chance of survival as a baby born today
in Europe or North America [2]. Hence, attention is increasingly focusing on reducing neonatal mortality in order to
achieve sustainable progress toward future global goals [2–6].
The three leading causes of neonatal mortality worldwide
are prematurity (36%), birth asphyxia (23%), and infections
(23%) [3]. Neonates who survive birth asphyxia may have
such long-term consequences as cerebral palsy, epilepsy,
and learning disabilities [7]. An additional 1.2 million intrapartum stillbirths are not included in neonatal mortality
rates [3]. Neonatal resuscitation has the potential to prevent
perinatal mortality caused by intrapartum related asphyxia
for almost two million babies annually [3]. However to be
successful, birth attendants (BAs) must be trained to perform appropriate and adequate neonatal resuscitation in the
critical first minutes after birth.
The Neonatal Resuscitation Program (NRP) has been
the standard of care for resuscitating newborns since
1987 [8, 9]. First Breath, the first controlled resuscitation
trial, used simplified versions of NRP and essential newborn care to train BAs in low and middle income countries and demonstrated that essential newborn care,
including resuscitation training, significantly reduced
still births without increasing the early neonatal mortality rate [10]. Subsequently the American Academy of
Pediatrics (AAP), in collaboration with global partners,
including Laerdal Medical and The Eunice Kennedy Shriver
National Institute of Child Health and Human Development (NICHD) Global Network for Women’s and
Children’s Health Research (Global Network), developed
Helping Babies Breathe (HBB), a simulation-based curriculum to train facility BAs in resuscitation, in resource limited
settings [11–14].
HBB focuses on the initial steps of resuscitation, including immediate drying of the baby, providing warmth

and additional stimulation to breathe, followed by bag
and mask ventilation (BMV) if needed, within the first
60 seconds after birth (The Golden MinuteTM). HBB
training materials use multiple approaches (color,
graphic icons outlining three simple care paths, and illustrations depicting the key elements of skills); draw attention to critical decision points; and stress the need to
initiate ventilation no later than the end of the first minute after birth [15]. Teaching materials include a Learner
Workbook, Facilitator Flip Chart, a neonatal simulator
(NeoNatalieTM) that allows trainers to manipulate cardinal
evaluation signs (crying, breathing, heart rate), and an Action Plan that uses these evaluation signs to guide decisionmaking and management of the newborn who may range
from a healthy wailing newborn to one who needs extra attention before crying and breathing well, or one who needs
BMV and advanced care.
Cohort studies suggest that BAs at various skill levels [14,
16–24] can be trained to effectively resuscitate newborns
using the HBB methods; however, less is known about the
durability of knowledge and skills and the need for retraining [14, 16, 20, 23]. We recently conducted a study of
the effect of HBB training on perinatal survival in three
sites of the NICHD Global Network, two sites in India and
one in western Kenya [25]. The primary outcomes of the
study have already been published [26]. Here we evaluate
the effect of HBB training on neonatal resuscitation skills
and knowledge, as well as retention of knowledge and skills
by physicians and nurses who attended deliveries in facilities. The objectives were to evaluate (1) baseline knowledge and skills of BAs; (2) change in knowledge and skills
after HBB training; (3) retention of skills and knowledge
until refresher training; (4) the effect of refresher training
on knowledge and skills of the BAs: and (5) factors associated with loss of skills before refresher training.

Methods
This study was conducted in Global Network sites in
Belgaum and Nagpur, India, and Eldoret, Kenya, areas
covered by a prospective, population-based registry which
was established in 2008 and included all pregnancy and
neonatal outcomes through 42 days postpartum in defined
geographic catchment areas. The training intervention
was delivered in selected health facilities that provided
24-h coverage for deliveries 7 days/week, served a
population that had a minimum perinatal mortality rate
of 30 per 1000 registry deliveries in the pre-study period,
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and delivered 40% of the total registry births in the three
sites. The study protocol detailing the design was published previously [25].
HBB training

The intervention consisted of the following: (1) planning
phase; (2) selection of facility staff to be trained as
facility-level MTs and identification of all BAs in the participating facilities; (3) rapid scale up of HBB training
done in three stages: (a) training of facility-level MTs (b)
facility-level training of BAs, (c) refresher training of active
BAs (defined as those who regularly attended deliveries);
and (4) introduction of a multi-faceted monitoring program soon after the facility-level trainings.
1. Planning Phase
The goal of the planning phase was to develop and
implement an optimal HBB training curriculum for
two types of trainees—the facility-level MTs and the
facility BAs. The Global Network team worked with
the central AAP MT group to develop a two-level
HBB training curriculum based on the lessons
learned from the HBB training programs to date.
Concurrently each of the three study sites identified
three HBB country MTs who were experienced in
HBB training methodology. These country MTs and
the central AAP MTs were a mix of female and male
physicians and nurses. Together they trained a
select group of new facility MTs who then would
train facility BAs.
For all trainings, we followed the HBB training
guidelines, a package designed for adult trainees
from different backgrounds, knowledge, professional
training and skills, with minimal modifications [15,
27]. The interactive program used multiple learning
methods, including self-study/learning, short verbal
explanations, demonstrations, practicing in pairs,
practical exercises, and group discussions. All training
sessions followed the core steps of course preparation
and delivery: assembling the teaching materials,
distributing learner workbooks in advance, preparing
content and teaching methods for each learning
group, preparing the classroom space, engaging the
learners and evaluating the learners and the course. In
addition, trainers provided ongoing monitoring and
continued learning in the clinical setting. Detailed
agendas of the three training sessions are provided
(Additional file 1).
2. Selection of Facility-Level MTs and BAs
The facility-level MTs at each health facility were
pediatricians, obstetricians, anesthetists, general
physicians, and staff nurses with adult education
experience or an aptitude for teaching who regularly
attended deliveries and had expertise in neonatal
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resuscitation. The initial facility-level BA training
included all providers from pediatrics, obstetrics,
anesthesia, and nursing departments, as well as facility
administrators. However, refresher training was
restricted to those providers who had received initial
HBB training and attended deliveries regularly (active
BAs), based on delivery logs at each facility. The
baseline characteristics of BAs were recorded at
both initial and refresher training to help evaluate
the initial skill level and experience, as well as skill
retention at refresher training; these characteristics
included age, type of health provider (physicians or
nurses), health facility level (primary, secondary, or
tertiary), prior resuscitation training (HBB, NRP,
NSSK, essential newborn care or others), the average
monthly number of births attended and, at refresher
training, the average monthly number of births
attended in the prior six months, and the interval
between initial and refresher training. The general
and specialist doctors were categorized as physicians
and the trained nurses, nurse midwives, auxiliary
nurse midwives were categorized as nurses. Health
facilities were classified as primary level if they did
not perform Caesarean sections (C-sections), secondary
level if C-section staff was available on call, and tertiary
level when C-sections were available 24 h a day.
3. Rapid Scale Up of HBB Training
(a) Country-level training of facility MTs: As above,
a group of three experienced central AAP MTs
were paired with three experienced MTs at each
of the participating Global Network sites to form
a female–male, multi-disciplinary (physicians and
nurses) country team of MTs to conduct a four-day
training of the new facility MTs. The goals of this
training of trainers were to rapidly scale up HBB
training by training at least one MT per facility (vs.
a training cascade), to preserve the integrity of the
intervention and to minimize time and training
costs. The training agenda was developed in
collaboration with the AAP, based on lessons
learned to date, including the need for trainers
to do pre-training preparation by phone and in
person and through post-training evaluation
meetings. Each country MT trained a team of
six new multidisciplinary facility MTs. The first
two days were dedicated to hands-on learning
of HBB. During the last two days, the new facility
MTs taught small segments of HBB to their fellow
team members and developed plans for rolling out
training, as the central AAP MTs and country
MTs monitored their teaching skills. A roving
monitor observed whether the training groups
were functioning well and provided feedback
after consultations with the team members.
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Whenever needed, the new facility MT was provided an opportunity to improve his/her skills
and extra training was provided until every
trainee MT was proficient in resuscitation training. The unique features of these training sessions are summarized in Table 1. The MTs at
each facility also facilitated ongoing monitoring
and continued learning opportunities in their clinical settings, e.g., participated in monitoring activities such as regular observation of deliveries,
resuscitation debriefing.
(b)Facility-level training of BAs: The study provided
sufficient equipment for facility delivery rooms
and resuscitation practice corners. The facility
BAs were trained as HBB teams in three-day
on-site facility courses by the newly-trained site
MTs at their respective facilities between June
and October 2012. This course included pre- and
post-tests for all participants. Unlike the facility
MT training, the primary focus of the BA courses
was on training to optimally perform delivery room
resuscitation. The BA trainees were taught to
prepare for every birth; to focus on immediate,
thorough, and vigorous drying of every newborn;
to provide routine care (provision of warmth,
delayed cord cutting between 1 and 3 min, and
initiation of breastfeeding) for babies that
breathed spontaneously; to provide more vigorous stimulation and, if needed, suction of mouth
and nose, for babies that did not breathe well
after drying; and finally to initiate and establish
early and effective ventilation within The Golden
MinuteTM for all babies that did not breathe
after the above initial steps. Rather than didactic
sessions, skill training and open discussion were
provided (in the local language as required) to ensure that every BA could effectively resuscitate
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newborns. BAs were instructed to resuscitate every
non-macerated birth, including those that might
previously have been considered fresh stillbirths.
High-quality HBB teaching materials and methods
were used throughout the training. The HBB
teaching materials included a neonatal simulator
that felt and weighed like a newborn which could
be manipulated by the MT to demonstrate the
presence or absence of chest rise, cry and cord
pulsations (Laerdal NeoNatalieTM); a Learner
Workbook for each participant; a large Action
Plan poster mounted near each group of six
participants that pictured the color-coded paths
for the three resuscitation outcomes; and a
Facilitator Flipchart that guided teaching and
discussions with pictures for the BA on the front
and learning content for the MT on the back of
each page. The teaching methods included
demonstrations of each resuscitation step by the
MTs, followed by individual and paired practice
to encourage peer teaching and paired learning
and standardized case scenarios and exercises for
problem solving. This group training included a
maximum ratio of six BAs per MT. Because all
sites experienced staff turnover, newly-hired BAs
were trained by the facility MTs in catch-up
individual training or small group sessions, using
the same materials and approach as in the initial
training sessions.
(c)Refresher training: A half-day refresher training
course for all “active” BAs was prospectively
planned for approximately six months after the
initial training course. If required to accommodate
the staff schedules and clinical duties, multiple
refresher training sessions were conducted in
each participating health facility. The refresher
training included a group review of the entire

Table 1 Unique features of the Global Network HBB training
• Collaboration with AAP to develop training agendas for 4-day MT and 3-day BA training based on lessons learned to date
• Country level training of Facility MTs in May 2012 paired AAP MTs with experienced local MTs at the 3 Global Network sites in an intensive
4-day hands on HBB training of trainers (ToT) that was designed to
- Train a large number of Facility MTs to minimize the training cascade and provide at least one MT per facility;
- Rapidly rollout trainings in all facilities simultaneously;
- Assist MTs in planning effective training of the large number of BAs in the participating facilities
• Training involved:
- A maximum ratio of 6 trainees:1 trainer;
- Maximal opportunities to practice in trainee groups of 6;
- Before and after formal testing of knowledge and skills;
- Individual sessions with the trainers.
• This MT training (ToT) included roving monitors and frequent consultation with the core group and group discussions with the new MTs to
ensure that they were engaged and receiving positive feedback.
• The new MTs provided 3-day HBB training to their facility BAs between May and September 2012 with mixed groups of physician and nurse
BAs. As in the 4-day MT training sessions, this 3-day facility level training of BAs had no didactic sessions; the goal was to provide maximal
hands on skill training and open discussion to ensure that every BA could effectively resuscitate newborns.
• Testing before and after training was done with standard HBB tools to test resuscitation knowledge and skills, including the standard HBB
Knowledge Check (written multiple choice questionnaire), BMV skills test, Objective Structured Clinical Examination (OSCE A), and a case scenario
requiring BMV (OSCE B).
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resuscitation algorithm and demonstration of
critical skills through video clips developed by
AAP, along with instructional narration by the
MTs in local languages as required [28]. The
standard facilitator video script was used as a
guide to maintain the uniformity of this instructional
narration [29]. This was followed by practice in pairs
and discussions among the BAs. Lastly, the BAs
discussed the details of various monitoring
activities—the need for each monitoring activity,
the benefits, challenges and successful solutions.
As with the initial training, the refresher training
included pre- and post-tests to assess retention
of the content.
4. Monitoring Activities
Monitoring activities were introduced immediately
after the initial facility-level training of BAs and
carried out as a part of continuation of learning/
training techniques best described as supportive
supervision [25, 30]. The study staff at each facility
monitored daily BMV practice sessions when BAs
reported for work and signed the logbooks; daily BA
checks of availability, cleanliness, and function of
resuscitation equipment; regular observation of
deliveries; debriefing after every resuscitation; and
audits of every perinatal death on a continuous
ongoing basis. Additionally, once a month, the MTs
made a one full-day quality assurance (QA) visit to
observe HBB skills directly during deliveries or test
the BAs using a neonatal simulator if no deliveries
were available.
Information from all the participating facilities was
compiled by the site HBB coordinators. This
included compliance with monitoring activities,
details of each resuscitation event in each of the
participating facilities, and the outcomes, using a
standard format. Calls were conducted every two
weeks between the central staff (NICHD and RTI
International) and each site coordinator to discuss
individually every baby that had required
resuscitation in the 72 participating facilities,
including confirming whether each live born baby
(non-macerated) was immediately dried, whether
the baby cried or breathed spontaneously after
drying, required additional stimulation, whether
the baby received BMV, and whether the baby was
alive or dead (fresh stillbirth) at discharge from the
delivery room (Additional file 2)—data required for
standard newborn indicator metrics. Quantitative
practice data were not recorded, but physicians
were described as less compliant with daily BMV
practice than nurses. After the biweekly calls, the
site coordinators discussed the content of the calls
with their facility staff to close the monitoring
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loop. The facility staff were encouraged to track
their own progress as well, e.g., proportion of BAs
performing daily practice; the number of macerated
stillbirths (for whom resuscitation was not required);
and the percent of non-macerated births that did not
cry at birth, responded to additional stimulation after
drying, required BMV, and survived until discharge
from the delivery room. A monthly consolidated
report from the data coordinating center at RTI
International included compliance rates of individual
facilities with each of the four monitoring parametersone QA visit every month, one unannounced visit
every three months, resuscitation debriefings done for
at least 90% of babies not crying at birth, and death
audits done for at least 90% of perinatal deaths.
Evaluation of knowledge and skills

The knowledge evaluation of the BA trainees was done
using the standard HBB Knowledge Check before and
after (pre-post scores) initial and refresher training. The
Knowledge Check was a 17-item written multiple choice
questionnaire [31]. The trainee was expected to answer
14 out of 17 of the questions correctly to successfully
complete the written knowledge evaluation.
The skills evaluation was done with the neonatal simulator and included ability to perform BMV effectively
(appropriate chest rise and ventilation rate) and successful completion of the Objective Structured Clinical
Evaluation (OSCE) A and OSCE B. These evaluations
were performed according to study protocol to
minimize potential bias and inter-rater variability. The
Facilitator Flip Chart provided detailed instructions for
administering the three skill tests i.e. BMV, OSCE A and
OSCE B. Every trainee was required to successfully
complete the BMV Performance Evaluation (seven out
of seven steps) before attempting the OSCE evaluations
[32]. OSCEs were developed from the NRP megacode
(validated by Lockyer et al. [33]) and required an 80%
correct performance with a small number of critical elements required to “pass.” OSCE A tested the skills and
decision-making in routine care and the initial steps of
The Golden MinuteTM [34]. The trainees were expected
to correctly perform three key steps with the simulator
(dries thoroughly, recognizes baby is not crying, and
positions head and clears airway) and perform a total of
10 out of 13 steps to successfully complete OSCE A.
OSCE B was a comprehensive skill testing that included
elements of OSCE A, the skills of BMV and additional
decision making based on assessment of heart rate [34].
Trainees were expected to correctly perform four key
steps (recognizes baby is not breathing, ventilates at 40
breaths per minute, looks for chest movement, and
performs the five steps to improve ventilation) and
perform a total of 14 out of 18 steps correctly to
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successfully complete OSCE B. OSCE A and OSCE B
were not tested before the initial training as trainees
were not expected to have these skills prior to their
training. After the initial training, the trainees received
positive supervision and monitoring to assist in the retention and mastery of the knowledge and skills of HBB
during daily practice, site visits and deliveries. Therefore trainees’ skills were evaluated using the comprehensive OSCE B just prior to and after the refresher
training. Those who passed OSCE B after initial training and failed the evaluation prior to the refresher
training were considered to have a decline in OSCE B
skills.
Data management

The study data were recorded on paper forms and then
entered into a password protected electronic data base
by study staff at each site. Data were securely transmitted
on a regular basis to the central data center. Data entry
software included consistency checks, with cross-form
edits performed centrally at the data center and resolved
locally. Each site performed local data review and edits.
Statistical analysis

Chi-square tests of proportion were used to test differences in pass rates between the types of health providers.
McNemar’s test was used for paired comparisons to test
the proportion of BAs who passed the MCQ after initial
training but failed it in the pre-refresher training. A logistic regression model was used to assess the association
between BA characteristics and loss of skills. Those that
were significant (p < 0.05) in univariate models were
retained as predictors in the final model. The variables in
the final model were type of training (group vs. individual), type of health facility (primary, secondary, or tertiary), type of health provider (physician, nurse), exposure
to prior resuscitation training, number of births attended
per month in the last six months (based on recall), study
site, and age of the BAs. The dependent variable was the
probability of failing the pre-refresher OSCE B test after
passing the post-initial OSCE B. Unadjusted odds ratios
(ORs) and 95% confidence intervals (CIs) were estimated
by fitting univariate models with each of the predictors.
Adjusted ORs and 95% CIs were estimated by fitting a
multi-variable logistic regression model with all of the predictors included.
Ethical considerations

The HBB study protocol was approved by the institutional
review committees of all the participating sites, partner
institutions, and the Indian Council of Medical Research.
A Data Monitoring Committee appointed by NICHD
reviewed the study protocol and progress. All the MTs
and BAs participating in the training signed the approved

Page 6 of 12

written informed consent form that informed them about
the study including the testing of knowledge and skills.

Results
The 105 MTs trained 2227 BAs in the HBB curriculum
during 236 workshops (Fig. 1) from June to October
2012. 835 active BAs (35% physicians, 65% nurses) received
refresher training and were included in the analysis of
knowledge and skills over time. The characteristics of these
835 active BAs are shown in Table 2: 17%, 28% and 55%
were from Eldoret, Nagpur and Belgaum sites respectively.
76% of the BAs across all three sites reported no prior resuscitation training before HBB training. At refresher training, 47% estimated that they delivered between 11 and 40
babies/month and 19% estimated that they delivered more
than 40 babies per month. One third of BAs in Belgaum
and Kenya, as compared to only 8% in Nagpur, were
trained later through catch-up training, after the initial
group training, reflecting higher BA turnover in Belgaum
and Kenya. The mean (SD) time interval in months between the initial and refresher trainings for these catch-up
trainees was significantly less than that for the initial cohort
of trainees (3.8 ± 2.9 vs. 7.8 ± 0.9, p < 0.0001). Of the 291
physicians who participated in refresher training, 130
(45%) had received their initial training as catch-up training. All these physicians served in primary care facilities.
Among nurse BAs, 99 (18%) had received their initial
training as catch-up training. Of these nurse BAs, 98%
were in secondary level facilities and 2% were in tertiary
facilities.
All BAs from the Kenya site were nurse midwives from
either primary level facilities (no C-sections performed) or
secondary level facilities (C-section staff available on call).
In contrast, many of the BAs in Nagpur and Belgaum
were physicians; deliveries in Nagpur were predominantly
in tertiary level facilities where C-sections were available
24 h a day.
Table 3 shows the proportion of BAs with a “passing” knowledge score (by multiple choice testing)
before and after the initial HBB and refresher trainings. Initial HBB training improved knowledge significantly: 99% of the trainees passed the knowledge test
post-training compared to 74% who passed it pretraining (p < 0.0001). Physicians were significantly
more likely than nurses to have a passing knowledge
score before the initial HBB training (86% vs 68%,
p < 0.0001), but, after the initial HBB training, all
physicians and 98% nurses passed the post-training
knowledge exam.
Improvements in resuscitation skills after training
were more impressive than the gains in knowledge, in
part because BMV skills were so low initially. Prior to
the initial HBB training, only 4.6% of BAs (3% of physicians and 5% of nurses) could ventilate a newborn
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Fig. 1 CONSORT flow diagram of the Global Network HBB training study

mannequin effectively, as measured by the straightforward BMV skills test, but all physicians and 96% of
nurses passed the test after initial training (p < 0.0001
pre- vs. post-initial training). OSCE A was assessed after
initial and refresher trainings with 99.4 and 99.8% of
BAs passing the test at both time points, respectively.
Table 3 also shows the proportion of BAs passing the
OSCE B skills test post-initial training (99%). Prior to
refresher training, the proportion passing fell to 81%
(p < 0.0001), but after refresher training 99% passed the
OSCE B. Physicians were less likely than nurses to
retain OSCE B skills pre-refresher training (p < 0.002).
The interval from initial to refresher training for those
who failed the pre-refresher OSCE B after passing it in
post-initial assessment was not longer than for those
that passed both (mean [SD], 6.9 [2.8] vs 6.5 [2.5] months,
p = 0.1).
Table 4 shows factors associated with deterioration of
OSCE B skills. 25% of physicians and 16% of nurses
(p = 0.002) failed pre-refresher training OSCE B. Among
the seven characteristics in the regression model, facility

type (p < 0.0001) and prior training (p < 0.01) were the two
significant predictors of deterioration of OSCE B skills.
BAs from tertiary facilities (adjusted OR 8.83; 95% CI
2.91, 26.78) and those with no prior resuscitation training (adjusted OR 2.56; 95% CI 1.28, 5.11) were most
likely to fail the pre-refresher training OSCE B. However, those who received their initial training during
catch-up rounds in individual or small-group training
(adjusted OR 0.497; 95% CI 0.28, 0.88); and the BAs
from Nagpur site (adjusted OR 0.154; 95% CI 0.05,
0.50) were less likely to lose the skills over time.

Discussion
Our study is the first large multi-national pre-post study
of the impact of initial HBB training, followed by refresher
training, on resuscitation knowledge and skills over time,
using a state-of-the-art curriculum, standardized training
protocol and evaluation methods, and ongoing supportive
supervision and monitoring activities. Our goal was to address the methodologic problems of previous research in
resuscitation training [35].
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Table 2 Characteristics of Active Birth Attendantsa
Belgaum
(n = 460)

Nagpur
(n = 230)

Kenya
(n = 145)

Total
(n = 835)

Initial Group training

291 (63)

211 (92)

104 (72)

606 (73)

Catch-up Individual training

169 (37)

19 (8)

41 (28)

229 (27)

42 (9)

25 (11)

113 (78)

180 (22)

Birth attendants trained, n (%)

b

Facility level , n (%)
Primary level facilities
Secondary level facilities

180 (39)

51 (23)

32 (22)

263 (32)

Tertiary level facilities

235 (51)

149 (66)

0

384 (46)

Physician

214 (46)

77 (34)

0

291 (35)

Nurses

246 (54)

153 (66)

145 (100)

544 (65)

118 (27)

47 (20)

38 (26)

203 (24)

Health provider n (%)

Prior resuscitation training, n (%)
No prior training
Physicians
Nurses

342 (73)

183 (80)

107 (74)

632 (76)

195 (57)

57 (31)

0

252 (40)

147 (43)

126 (69)

107 (100)

380 (60)

One prior training

93 (79)

45 (96)

35 (92)

173 (85)

Two or more prior trainings

25 (21)

2 (4)

3 (8)

30 (15)

1–4

18 (4)

7 (4)

17(12)

42(6)

5–10

119 (28)

46 (27)

47(31)

212(29)

11–20

124 (29)

39 (23)

37(26)

200(27)

21–40

85 (20)

40 (23)

20(14)

145(20)

> 40

83 (19)

39 (23)

19(14)

141(19)

Physician

26 (7)

31 (8)

-

27 (5)

Nurse

30 (8)

36 (11)

39 (10)

34 (10)

178 (39)

29 (13)

9 (6)

216 (26)

Number of births attended per month, n (%)

Birth Attendants Age Mean (SD)

Age Quartiles n (%)
≤ 24 years (Lower Quartile)
25–38 years (Inter Quartile)

227 (49)

132 (57)

65 (45)

424 (51)

> 39 years (Upper Quartile)

55(12)

69 (30)

71 (49)

195(23)

a

Active Birth Attendants were defined as BAs who received both the initial and refresher training
Levels of facilities- Primary = No Caesarian section (C-sections) performed, Secondary = C-section staff available on call, Tertiary = C-sections available 24 h a day

b

One of the most striking findings of our study of a
large cohort of 835 active BAs trained and retrained in
the HBB curriculum in 71 facilities in India and Kenya
was that 76% of active BAs reported no prior training in
neonatal resuscitation, despite efforts in India, Africa
and other low and middle income countries to encourage facility deliveries and the relatively high BA delivery
rates (47% of the BAs delivered between 11 and 40 babies
per month and 19% delivered more than 40 babies per
month.
The lack of resuscitation training was evidenced by a
large initial knowledge-skills gap among the BAs: at the
initial HBB training, 74% of BAs passed the pre-training
knowledge assessment but only 5% were able to

demonstrate effective ventilation of the neonatal mannequin. Our findings are consistent with Singhal et al., who
also found a low concordance between knowledge and
skills [13]. A majority of their trainees in Kenya and
Pakistan required additional practice before they could
demonstrate mastery of BMV skills at post-training assessment. Successful neonatal resuscitation requires rapid assessment, prompt decision making, and immediate action.
It is a composite of adequate knowledge related to basic
resuscitation, good technical skills, and the ability to
synthesize these two domains into a complex behavior
pattern, in addition to ongoing practice to maintain these
complex skills. To achieve this end, we trained a large
number of MTs (an average of 1.6 per facility) and BAs
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Table 3 Training Outcomes for Active Birth Attendants—Initial and Refresher Trainings
Initial training (N = 835)

Refresher training (N = 835)

Change over time

Pre

Post

pre vs post
P value

Pre

Post

pre vs post
P value

Initial Post vs. Refresher
Pre P value

618/835 (74.0)

826/835 (98.9)

<0.0001

822/828 (99.3)

822/828(99.3)

NEb

0.43
NEb

Passed n (%)
Knowledge
Physician

249/291 (85.5)

291/291 (100)

NE

291/291 (100)

291/291(100)

NSa

Nurses

369/544 (67.8)

535/544 (98.3)

<0.0001

531/537 (98.8)

531/537(98.8)

NSa

0.43

Physicians vs. nurses,
P value

p <0.0001

p = 0.03

-

P = (0.07)

P = (0.005)

-

-

39/833 (4.6)

809/833 (97.1)

<0.0001

-

802/835(97.2))

-

-

Bag and mask skills

b

b

Physician

10/291 (3.4)

291/291 (100)

NE

-

291/291(100

-

-

Nurses

29/542 (5.3)

518/542 (95.6)

<0.0001

-

511/534(95.7)

-

-

Physicians vs. nurses,
P value

0.21

0.0003

-

-

0.0003

-

-

OSCE station A

-

830/835 (99.4)

-

-

825/835(99.8)

-

-

Physician

-

291/291 (100.0)

-

-

291/291(100.0)

-

-

Nurses

-

539/544 (99.0)

-

-

534/544(99.8)

-

-

Physicians vs. nurses,
P value

-

0.10

-

-

0.46

-

-

OSCE B

-

781/786 (99.4)

-

576/707 (81.4)

709/715 (99.0)

<0.0001

<0.0001

Physician

-

275/275 (100.0)

-

190/252 (75.4)

253/254 (99.6)

<0.0001

NEb

Nurses

-

506/511 (99.0)

-

386/455 (84.4)

456/461 (98.9)

<0.0001

<0.0001

Physicians vs. nurses,
P value

-

0.09

-

0.002

0.32

-

-

a

NS = Not significant
NE = Not Estimable
P-values were not estimable for the tests where no physician failed
b

using four-day MT and three-day BA small-group training
workshops with hands-on sessions and generous opportunities for individuals and pairs of BAs to practice resuscitation skills and lead skill sessions for the group. The
combination of this unique training and sufficient equipment resulted in nearly 100% of BAs successfully passing
knowledge and skills tests after the initial HBB training.
The significant difference in pre-training knowledge and
ventilation tests between physicians and nurses (p < 0.0001)
disappeared after HBB training when more than 98% of
both doctors and nurses passed the knowledge tests and
the proportion of both nurses and doctors who correctly
ventilated a neonatal model increased from approximately
4% to 97%.
Our study provided sufficient ventilation equipment for
facility delivery rooms, resuscitation practice corners, and
adequate numbers of MTs to ensure ongoing mentoring
and supportive supervision of BAs: daily ventilation practice, equipment checks, death audits, resuscitation debriefings, and announced and unannounced site visits at each
facility, as well as unique biweekly site conference calls to
review the management of each resuscitated newborn in
detail and the outcomes of all births before discharge at
each facility.

However, the knowledge-skills gap that was evident
before the initial HBB training recurred months later at
refresher training despite ongoing mentoring and supportive
supervision, when resuscitation skills, as measured by OSCE
B, were less likely to be retained than knowledge (81% vs.
99%). At pre-refresher testing, BAs from tertiary facilities
had nine times higher risk than those at lower-level facilities
of failing the OSCE B, after having passed it at the end of
initial training—a surrogate for loss of resuscitation skills.
The higher skill-deterioration rate of BAs in tertiary facilities
who care for high risk patients was unexpected. It may be
due to a combination of factors, including less daily practice,
whether due to busy schedules, timing of resident rotation,
understaffing, increased workload or even a higher proportion of physicians in tertiary-level facilities, resulting in a less
frequent BMV practice. During the biweekly reviews, the
qualitative reports suggested that physicians were less
compliant to daily BMV practice than the nurses, with assertions that they were ‘too busy” or “not in the delivery area.”
Lack of previous resuscitation training prior to HBB training
was associated with a 2.5 times greater risk of pre-refresher
OSCE B failure. This may mean that all or a subset of BAs
need repeated trainings to decrease the risk of failure. Those
whose initial training was late (catch-up training) were less
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Table 4 Factors associated with loss of resuscitation skills as assessed by (OSCE B) at the time of refresher training
Passed Post Initial Training OSCE-B
Failed Pre-Refresher Training
OSCE-B (125, 19 %)

Passed Pre-Refresher Training
OSCE-B (550, 81 %)

125 (19)

550 (81)

Initial Group Training

79 (17)

Catch-up training

46 (21)

17 (12)

Birth Attendants Trained, n (%)

OR (95 % CI)

Adjusted OR (95 % CI)

382 (83)

1.0

1.0

168 (79)

1.324 (0.882.1.988)

0.497 (0.282, 0.877)

124 (88)

1

1

Facility Level, n (%)
Primary level facilities
Secondary level facilities

20 (8)

197 (92)

0.741 (0.374, 1.468)

0.920 (0.354, 2.391)

Tertiary level facilities

88 (28)

224 (72)

2.866 (1.631, 5.035)

8.834 (2.914, 26.784)

Physician

61 (25)

181 (75)

1.0

1.0

Nurses

64 (14)

369 (86)

0.515 (0.347, 0.763)

1.058 (0.611, 1.831)

No prior training

112 (22)

400 (78)

3.230 (1.765,5.909)

2.560 (1.283, 5.110)

Prior resuscitation training1

13 (8)

150 (92)

1

1

Health provider, n (%)

Prior resuscitation training, n (%)

Number of births attended per month, n (%)
1–4

7 (19)

29 (81)

0.611 (0.243,1.535)

1.044 (0.382, 2.857)

5–10

30 (17)

145 (83)

0.524 (0.297, 0.924)

0.888 (0.475, 1.659)

11–20

27 (16)

146 (84)

0.468 (0.262,0.836))

0.668 (0.356, 1.254)

21–40

21 (18)

93 (82)

0.572 (0.306,1.07)

0.813 (0.411, 1.606)

> 40

32 (28)

81 (72)

1.0

1.0

89 (21)

327 (79)

1.583 (0.905,2.613)

0.527 (0.191, 1.452)

Nagpur

16 (13)

110 (87)

0.822 (0.405.1.668)

0.154 (0.047, 0.502)

Kenya

20 (15)

113 (85)

1

1

Age < =24 years

44 (22)

155 (78)

1.481 (0.848,2,587)

0.508 (0.299, 1.126)

25–38 years

58 (17)

275 (83)

1.100 (0.649,1.866)

0.632 (0.328,1.126)

> =39 years

23 (16)

120 (84)

1

1

Site, n (%)
Belgaum

Age category

Footnote: The figures in parentheses in the first two columns indicate percentage from the total trainees with that risk factor, i.e. considering row total as 100

prone to skill deterioration; the mean time between initial
and refresher trainings was also almost half compared to the
initially trained BA cohort (3.8 ± 2.9 months vs. 7.8 ±
0.9 months, p < 0.0001), suggesting that recent training may
be associated with improved skill performance. The lack of
information on the optimal interval for training was
recently noted in the Part 7 2015 Neonatal Resuscitation Consensus document: no evidence-based, effective strategy for teaching, assessing, and maintaining
resuscitation knowledge and skills has been identified
and that the existing evidence is of low quality [35].
Hands-on simulation training is widely accepted as
the best available model for teaching complex behavior; however, the published evidence to date is of very
low quality and there is no published evidence for
improvement in patient outcome. Despite the lack of

evidence for an optimal retraining interval, refresher
training at least once a year was recommended to
maintain skills.

Conclusions
Our large, rigorous pre-post cohort training study documented that facility BAs in 71 facilities in India and Kenya
improved their knowledge and neonatal resuscitation
skills after HBB training by MTs and supportive supervision during active monitoring and evaluation over the
subsequent year. That 18% of BAs failed pre-refresher
training skills tests suggests the need to identify such BAs
earlier in order to provide the individualized training,
supervision, and practice necessary to ensure that their resuscitation skills are durable over time or to reassign them
to a less critical care area. The 18% failure rate should also
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prompt future researchers to compare different time intervals, structures or content of daily practice or different
supervisory models to improve resuscitation skill retention. The risk factors for deterioration of resuscitation
skills also suggest that resuscitation training should take
place earlier and that administrators should ensure that
staffing patterns in tertiary facilities with high delivery volume provide adequate time, motivation and accountability
to maintain BA resuscitation skills.
As the HBB program paves the way for its successor,
Helping Babies Survive, which includes the HBB 2nd
edition and care of a newborn after immediate delivery
room resuscitation, it will provide opportunities to incorporate standardized data collection, quality improvement activities, and institutional support for registries [36].
Given the low quality of evidence for simulation training,
it is essential that future research addresses the knowledge
gaps identified by the recent Wyllie et al. report [35],
including different content/structures of daily practice
or different supervisory models and documents the critical
link between skill training and improved early neonatal
survival in different medical and cultural settings.
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Abstract
Background: In India, the hypertensive disorders of pregnancy and postpartum haemorrhage are responsible for
nearly 40 % of all maternal deaths. Most of these deaths occur in primary health settings which frequently lack
essential equipment and medication, are understaffed, and have limited or no access to specialist care. Community
health care workers are regarded as essential providers of basic maternity care; and the quality of care they provide
is dependent on the level of knowledge and skills they possess. However, there is limited research regarding their
ability to manage pregnancy complications. This study aims to describe the current state of knowledge regarding
pre-eclampsia and eclampsia among community health care workers (auxiliary nurse midwives, accredited social
health activists, staff nurses) in northern Karnataka, India. Furthermore, this study describes the treatment approaches
used by various cadres of community health workers for these conditions. The findings of this study can help
plan focussed training sessions to build upon their strengths and to address the identified gaps.
Methods: Data were collected as part of a larger study aimed at assessing the feasibility of community-based
treatment for pre-eclampsia. Eight focus group discussions were conducted in 2012–2013 in northern Karnataka
State: four with staff nurses and auxiliary nurse midwives and four with accredited social health activists. In
addition, twelve auxiliary nurse midwives and staff nurses completed questionnaires to explore their competence and
self-efficacy in managing pre-eclampsia. Qualitative data were audio-recorded, transcribed verbatim and translated for
thematic analysis using NVivo 10.
Results: Community health workers described their understanding of the origins of hypertension and seizures in
pregnancy. Psychological explanations of hypertension were most commonly reported: stress, tension, and fear.
The most common explanation for eclampsia was not receiving a tetanus vaccination. Despite some common
misperceptions regarding aetiology, these community health workers demonstrated a good grasp of the potential
consequences of hypertension in pregnancy. According to auxiliary nurse midwives and staff nurses, if hypertension
was detected they encouraged rest, decreased salt intake, iron supplementation and tetanus vaccination. In addition,
some staff nurses administered antihypertensives, MgSO4, or other anticonvulsants. All auxiliary nurse midwives had
some awareness of MgSO4, but none had administered it themselves.
(Continued on next page)
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Conclusions: This study showed that knowledge regarding the aetiology of pre-eclampsia was limited. Nevertheless,
their basic knowledge and skills could be strengthened to more effectively manage the hypertensive disorders of
pregnancy in their communities.
Trial registration: NCT01911494
Keywords: Blood pressure, Community health workers, Community health services, Developing countries, Eclampsia,
Hypertension, India, Magnesium sulfate, Maternal health, Maternal mortality, Nurse midwives, Pre-eclampsia, Pregnancy,
Proteinuria, Public health, Referral and consultation, Rural health

Plain English summary
In India, pregnancy complications related to hypertension or are responsible for nearly 40 % of all maternal
deaths. Most of these deaths occur in primary health facilities which frequently lack essential equipment and
medication, are understaffed, and have limited access to
specialist care. Community health workers are essential
providers of basic maternity care in these settings. The
quality of care they provide is dependent on the level of
knowledge and skills they possess; however, there is limited evidence regarding their knowledge and confidence
in managing pregnancy complications. This study aims
to describe the current state of knowledge regarding
pre-eclampsia (a complication of pregnancy characterized by high blood pressure, protein in the urine, and/or
symptoms) and eclampsia (seizures in pregnancy) among
community health workers (auxiliary nurse midwives,
accredited social health activists, and staff nurses) in
northern Karnataka State, India.
Eight focus group discussions were conducted in
2012–2013: four with staff nurses and auxiliary nurse
midwives and four with accredited social health activists.
In addition, twelve auxiliary nurse midwives and staff
nurses completed questionnaires to explore their skills
and confidence in providing obstetric care.
Community health workers provided psychological explanations for the origin of hypertension in pregnancy,
such as stress, tension, and fear. Despite some common
misperceptions, community health workers demonstrated a good grasp of the potential outcomes related to
pregnancy complications. According to auxiliary nurse
midwives and staff nurses, if hypertension was detected,
they encouraged rest, decreased salt intake, iron supplementation and tetanus vaccination.
This study showed that community health workers
had limited knowledge of pre-eclampsia, and their basic
knowledge and skills could be strengthened to more effectively manage the hypertensive disorders of pregnancy
in their communities.
Background
India contributes significantly to the global burden of
maternal mortality, as it is responsible for 17 % of all

maternal deaths [1]. The current maternal mortality ratio (MMR) of India is 167 per 100,000 livebirths and
144 in Karnataka State (SRS 2010–12) [2]. The hypertensive disorders of pregnancy (HDP) are a leading
causes of maternal death [3, 4], accounting for 10–15 %
of all direct maternal deaths globally [3–6]. Most of
these deaths occur in low- and middle-income countries (LMIC) [6]. In India, postpartum haemorrhage
and the HDPs contribute to nearly 40 % of all maternal
deaths [7]. The HDP are challenging because of the silent
nature of the disease. Apart from being an important
cause of maternal mortality, the HDPs are associated with
serious maternal and neonatal morbidities.
Most maternal deaths and morbidities occur in primary health settings which lack essential resources, are
understaffed, and have limited or no access to specialist
care [5]. In the Indian public health system, primary
health centres (PHC) serve as the first point of care.
Each PHC is staffed by one doctor and three to five staff
nurses, and each sub-centre is staffed by one auxiliary
nurse midwife (ANM) [8, 9]. ANMs provide health services including screening, management, and referral for
pregnancy and newborn complications. Since 2005, the
National Rural Health Mission (NRHM) has introduced
innovative strategies to accelerate progress towards improving health outcomes. These strategies include
mobilization efforts by frontline workers, namely the
accredited social health activists (ASHA), and numerous
of initiatives to increase institutional deliveries [10]. In
spite of these efforts, Karnataka State has not achieved
the expected level of reduction in maternal mortality.
The community health care workers serve as the point
of entry into the health system and therefore can play an
important role in improving pregnancy outcomes. The
proximity of these health workers to their communities
is advantageous as it increases familiarity and trust. Ensuring adequate knowledge of pregnancy complications
by these health workers is essential. There is limited research available regarding the knowledge and skills
among community health care workers (ANM, ASHA,
staff nurse) to manage pregnancy complications in India.
The aim of this study was to assess the knowledge of community health workers regarding pre-eclampsia and
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eclampsia and how they act upon presentation of these
conditions in their communities.

Methods
This study was conducted in two rural districts (Belgaum
and Bagalkot) of northern Karnataka State, India
(Fig. 1). Social and health indicators of Karnataka are
lagging compared with other South Indian states.
Health care infrastructure is often inadequate, particularly in rural areas, where there are insufficient health
care providers to cover the large and dispersed
population.
There are various cadres of community health workers
in India, including ASHAs, ANMs and staff nurses.
ASHAs act as community health activists, to counsel
women on birth preparedness, the importance of safe
delivery, breastfeeding, immunisation, contraception,
pregnancy related ailments, sexually transmitted infections and newborn care [11, 12]. ANMs serve a larger
population and their primary role is to provide basic maternal and child health care [10]. Staff nurses are trained

Fig. 1 Study area, Belgaum and Bagalkot, Karnataka State, India
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health workers based at PHCs, they provide preventive
and curative services, and are trained as skilled birth attendants [9] (Table 1). Data for this study were collected
as part of a larger study aimed at assessing the feasibility
of community-based identification and treatment of preeclampsia using community health care workers [13].
Focus group discussions

Focus group discussions were utilized to elucidate indepth information and to encourage group dialogue.
Local clinicians and researchers with no known association with respondents were trained to facilitate these
discussions. Eight focus group discussions, four with
staff nurses and ANMs and four with ASHAs were conducted at local primary health centres between January
and March 2013. Data saturation was felt to be met at
this time and no more focus groups were required. The
discussions guides were in local language, Kannada.
All discussions were transcribed verbatim in Kannada
and translated to English for analysis using NVivo 10
software. Transcripts were coded by one author (MV),
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Table 1 Community health worker characteristics
Minimum education attainment

Source of payment

Staff nurse

Auxiliary nurse midwife

Accredited social health activist

General nursing and midwifery training

10th level

8th level

Bachelor of Science in nursing

Auxiliary Nurse Midwife training

Government salary

Government salary

Incentives provided through
national health programmes

Length of training

24–36 months

18 months

21 days

Workplace

Primary health centre

Sub-centre

Village and home

Population served

20,000–30,000

5000–6000

1000

after which all transcripts and themes were crosschecked by the local research team (UR, UC, GK, MB,
AM, KC) to resolve any misinterpretation. Using deductive reasoning, the results were grouped into predetermined categories related to pre-eclampsia knowledge
and skills. During analysis, inductive reasoning was used
to incorporate new and unexpected ideas. This produced
a comprehensive analysis structure to reflect the richness and variety of responses.
Questionnaires

Questionnaires were completed by eight ANMs and four
staff nurses. Some ANMs were unable to be reached as
they were on leave or otherwise occupied. The questionnaire was split into two sections: one with 16 closed-ended
Likert scale questions, the other with 11 open-ended questions. The purpose of this assessment was to understand
the level of competence and knowledge related to preeclampsia amongst these ANMs and staff nurses.
This study was approved by ethics review committees
at the University of British Columbia, Vancouver Canada
(H12-00132) and KLE University, Belgaum India (MDC/
IECHSR/2011-12). Written informed consent was obtained for all participants.

Results

symptoms. In addition to hypertension, ANMs claimed
that dizziness, swelling, visual disturbances, sweating
and restlessness, were danger signs associated with preeclampsia. When probed regarding the signs of eclampsia, the responses included jerky movements, shaking
of hands and legs, frothing from the mouth and rolling
of the eyes. Both the groups provided similar findings.
Causes of hypertension and convulsions in pregnancy

There were several explanations for the hypertensive disorders of pregnancy provided by all the three groups of
community health workers. Psychological explanations
of hypertension were most common: mental stress, tension, and fear. Tensions were thought to be the result of
concerns related to the gender of the baby. In addition,
the husband’s drinking habits or family clashes may
cause tension: “due to tension at home” [staff nurse/
ANM], “repeated birth of female children, leading to
mental tension” [ASHA]. Previous caesarean deliveries
were also thought to create worry, which could result in
high blood pressure. There was some understanding, by
health care providers, of underlying conditions that contribute to the hypertensive disorders of pregnancy. These
conditions included anaemia and diabetes: “due to anaemia she will have swelling and that will lead to BP”
[staff nurse/ANM]. Heredity was also believed to be

Participants

Table 2 Focus group discussions

A total of 101 community health care workers participated in this study, of which 48 were ANMs or staff
nurses and the remaining 53 were ASHAs. The mean
age of ANM/staff nurse was 36.5 ± 4.8 years and their
years of experience ranged from 2 to 27 years. The mean
age of ASHAs was 32.5 ± 0.7 years and they tended to
have 5 years of experience (Table 2).

# Stakeholder

Participants Mean age

1 Auxiliary Nurse Midwives (ANM) (n = 5)

8

36

9

41

19

39

12

30

Staff nurses (n = 3)
2 Auxiliary Nurse Midwives (ANM) (n = 6)
Staff nurses (n = 3)
3 Auxiliary Nurse Midwives (ANM) (n = 10)
Staff nurses (n = 7)

Danger signs of hypertension and convulsions in
pregnancy

Staff nurses, ANMs and ASHAs explained that to identify
pre-eclampsia, blood pressure must be measured; this is the
only method of identification as symptoms cannot be used
reliably to diagnose. This response showed an understanding
that pre-eclampsia can develop without outward

4 Auxiliary Nurse Midwives (ANM) (n = 8)
Staff nurses (n = 4)

5 Accredited Social Health Activists (ASHA) (n = 10) 10

32

6 Accredited Social Health Activists (ASHA) (n = 11) 11

–

7 Accredited Social Health Activists (ASHA) (n = 15) 15

–

8 Accredited Social Health Activists (ASHA) (n = 17) 17

33
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associated with pre-eclampsia. Diet was explained as a
contributor to the onset of pre-eclampsia: diets high in
salt, oil and fried foods. Additionally, strenuous work
was seen as a factor that contributes to the development
of pre-eclampsia.
Similar factors were believed to be implicated in the
development of eclampsia, such as tension or weakness.
In addition, some health care providers stated that blood
pressure was the cause of eclampsia. This explanation
showed an understanding of a relationship between the
two conditions. Anaemia was sometimes attributed to
the incidence of eclampsia. The most common explanation of the origin of eclampsia was the lack of tetanus
toxoid vaccination in pregnancy: “If they don’t take TT
[tetanus toxoid vaccine] when pregnant, they might get
fits” [ANM]. Lastly, poor medical adherence was thought
to play a role; the prohibitive cost and the belief that
medication will result in big babies prevents some
women from appropriately following treatment.
Outcomes of hypertension and convulsions in pregnancy

Health care providers acknowledged that further consequences are likely for women suffering hypertension in
pregnancy. In fact, most had a good grasp of these potential outcomes. The most serious was the possibility of
death for the mother and/or baby.
The outcomes of eclampsia were thought to be associated with active seizures, disease progression, or death.
Many mentioned that injuries might occur, such as
broken bones, tongue bite, and aspiration: “She may
have injury due to fits episode” [ASHA]. These outcomes
may be to the mother, baby or both.
Treatment of hypertension in pregnancy

Staff nurses and ANMs suggested regular blood pressure
measurements in pregnancy. If hypertension was detected they advised as follows: rest in a well-lit and ventilated space, decrease salt intake, iron supplementation,
and tetanus vaccination. In addition to these recommendations, staff nurses claimed to provide antihypertensive
medication and in some cases MgSO4. ASHAs believed
there was a need for regular blood pressure measurement and referral for hypertensive women. ASHAs also
stressed the importance of medical adherence and the
avoidance of home treatment.
Staff nurses and ANMs who reported use of antihypertensive agents, mostly commonly reported using nifidepine, though others were mentioned: atenolol, amlodipine,
beta blockers, diazepam, frusemide, and MgSO4. Some
cautioned that these medications should be given by a doctor or after consultation; while others claimed they do not
provide such medication under any circumstance. ASHAs
were unaware of specific antihypertensive medications,
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though they recognized the need for appropriate treatment
by medical officers or ANMs in cases of hypertension.
Treatment of convulsions in pregnancy

There was minimal knowledge, confidence or expertise
regarding the treatment of convulsions in pregnancy.
Some staff nurses stated that MgSO4 was the drug of
choice for the treatment of eclampsia; however, few had
personal experience administering it, and they were unaware of appropriate routes and dosages. Similarly, all
ANMs had some knowledge of MgSO4, but had not administered it themselves. MgSO4 was perceived by some
to be treatment-appropriate only in higher-level facilities
by specialists. Aside from MgSO4, staff nurses and
ANMs expressed familiarity with alternative anticonvulsants: diazepam, frusemide, and phenobarbitone. Some
mentioned past use of diazepam, but explained that
practice has now changed; however, one staff nurse
claimed to still treat eclampsia with diazepam: “We give
injection calmpose (diazepam) and send” [staff nurse].
ASHAs did not express familiarity with MgSO4; some
knew the name but not the indications for use.
Clinical confidence and competence in identifying and
treating hypertension and convulsions in pregnancy

It is important to identify the confidence of ANMs and
staff nurses regarding identification and treatment of
the HDPS; this was evaluated using a questionnaire targeting their confidence and experience. The first theme
of the questionnaire probed health workers regarding
preparedness, awareness, knowledge and skills related
to pre-eclampsia and eclampsia. Responses were consistent between respondents with the vast majority of
responses being “agree” or “strongly agree”. One exception was regarding ANM’s and staff nurse’s ability to assess proteinuria, where some respondents showed low
confidence (Fig. 2).
The second theme of the questionnaire focussed on
their scope of practice. Respondents claimed to monitor and refer cases of pre-eclampsia. All 12 reported
to either ‘agree’ or ‘strongly agree’ to the two related
statements: “I monitor women for pre-eclampsia” and
“I refer women for pre-eclampsia”. The most common
response regarding medication used for high blood
pressure and seizures was MgSO4. ANMs and staff
nurses also claimed to be comfortable counselling
women and families to receive MgSO4 prior to referral
(Table 3).

Discussion
The study was conducted to identify the level of knowledge held by community health care workers – staff
nurses, ANM, ASHA - regarding pre-eclampsia and
eclampsia and their routine management of these cases in
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Fig. 2 Ability to measure proteinuria by ANMs and staff nurses

northern Karnataka. Community health workers are essential in identifying obstetric emergencies, thus a sound
knowledge of pregnancy complications is needed for early
diagnosis and referral. It was observed that most community providers were aware of the link between hypertension and seizures; however, they also mentioned they can
present without symptoms.
It was surprising to find that many community health
providers believed missing tetanus toxoid vaccinations
could lead to eclampsia; this clearly represents a misunderstanding of the underlying cause of disease. Another
explanation for the hypertensive disorders of pregnancy
was mental tension due to personal conflicts and the
preference for a male child. In Indian culture sons are
strongly preferred as they are required for the performance of funeral rites, they are expected to provide financially, and in many parts of India they command a large
dowry (https://nitawriter.wordpress.com/2006/10/19/whydo-indians-prefer-sons-2/) [14]. The belief that anaemia

causes hypertension was stressed by many participants;
this misconception may be because of the high prevalence
of anaemia in the region. The stated causes indicate significant gaps in knowledge, thus it is necessary to target
improvements in the training of community health
workers. Nevertheless, community health workers do
seem to recognize the serious nature of pre-eclampsia and
the urgent need for management and referral.
Health care providers were probed regarding their use
and knowledge of antihypertensive medications, to better
understand their current practice. ANMs stated that they
administered antihypertensive agents when indicated; by
far the most common antihypertensive in use was nifidepine. ASHAs were unaware of specific antihypertensive
medications, though they recognized they should be administered by medical officers or ANMs for hypertension.
It is important for skilled birth attendants to know about
antihypertensive drugs, their indications, contraindications, dosage and limitations for their use.
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Table 3 ANM and staff nurse confidence of pre-eclampsia screening
Question

Average
response

Average response
by ANMs

Average response
by staff nurses

(N = 8)

(N = 4)

I know how to provide routine antenatal care to women in my catchment area

4.6

4.7

4.3

I know the danger signals of pregnancy

4.5

4.7

4.3

I know how to identify the warning signs of high blood pressure in pregnancy and postpartum

4.5

4.6

4.3

I know how to identify the warning signs of seizures in pregnancy and postpartum

4.5

4.5

4.5

I know how to identify the symptoms and signs of labour

4.6

4.7

4.5

I know how to check blood pressure

4.7

4.8

4.5

I know how to check urinary protein by dipstick

4.0

4.4

3.3

I know how to check urinary protein by boiling urine

4.0

4.4

3.3

I know how to administer vaccines to mothers and children

4.6

4.8

4.3

I know how to administer intramuscular injections to pregnant women

4.7

4.8

4.3

I know how to administer oral medications to pregnant women

4.5

4.7

4.3

I know how to directly refer pregnant women with complications

4.5

4.6

4.5

5 = strongly agree; 4 = agree; 3 = neither disagree nor agree; 2 = disagree; 1 = strongly disagree

National guidelines authorize ANMs and nurses to administer MgSO4 to women suffering from eclampsia; however,
the majority of ANMs claimed not to have administered
MgSO4 themselves. There are differences in the professional
qualification, job responsibilities, and practical experience of
the staff nurses and ANMs; however, practice guidelines are
combined and so do not differentiate these responsibilities
creating confusion.
Participants stated that they can administer intramuscular injections and oral medications in pregnancy, this selfreported skill can very well be utilized in the management
of HDPs; however, it is not clear weather this competence
translates to the use of MgSO4. This lack of experience
with MgSO4 clearly indicates a gap in knowledge and the
implementation of guidelines. Even though community
health workers understood that pre-eclampsia and
eclampsia can lead to severe outcomes, their knowledge of
treatments was inadequate. The majority of ANMs
misclassified MgSO4 as an antihypertensive agent and
nifedipine as an anticonvulsant for eclampsia. These misunderstandings could lead to adverse effects; in addition,
some providers reported use of diazepam which is known
to be dangerous in pregnancy. The misclassification of
antihypertensives and anticonvulsants by ANMs highlights knowledge gaps that must be addressed.
The large sample size and mixed methods used for this
study strengthens the findings. Due to the qualitative nature of this study, the results are not generalizable to
other groups or regions. The findings of this study cannot be deemed representative of all community health
workers in India; nevertheless they provide insight into
the knowledge gaps and common misconceptions related to the hypertensive disorders of pregnancy. Focus
group discussions provided detailed insight into the

experience and beliefs of community-based health
workers; however, the ideas given by a small number of
participants may have influenced others. Some focus
groups included many participants which may have decreased the facilitator’s ability to engage with the whole
group; however, this approach allowed participation
from a large group of respondents and many potential
points of view.

Implications

Due to the identified knowledge gaps and common misconceptions there is a need to update training and regular assessment of community health worker competence and
confidence regarding the identification and treatment of the
hypertensive disorders of pregnancy. The national guidelines that authorize ANMs to administer MgSO4 and antihypertensives need to be broadly disseminated so ANMs
are fully aware of what their scope of practice includes. Professional practice guidelines that are combined for ANMs
and staff nurses should be separated to avoid confusion in
their scope of practice. These changes are required at the
regulatory and systems level so that ANMs and staff nurses
have full clarity and support in provision of appropriate and
safe patient care during pregnancy and childbirth.

Conclusion
Community health care workers are the link between
the health care system and the community. The knowledge and practices of these providers can have a profound effect on maternal health outcomes. This study
demonstrated that community health workers had limited knowledge of aetiology of pre-eclampsia, as hypertension was most commonly attributed to stress, and
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eclampsia was attributed to a lack of tetanus vaccinations, anaemia, and poor medical adherence. More
importantly, most of the health workers acknowledged
the serious nature of the disease and were aware of
appropriate medications, though not the route and
dosage. It is important to build upon the knowledge gaps
identified to most effectively improve maternal and
perinatal health outcomes.

Additional file
Additional file 1: Reviewer reports. (PDF 214 kb)
Abbreviations
ANM: Auxiliary nurse midwife; ASHA: Accredited social health activist;
HDP: Hypertensive disorders of pregnancy; LMIC: Low- and middle-income
countries; MDG: Millennium development goals; MgSO4: Magnesium
sulphate; MMR: Maternal mortality ratio; NRHM: National Rural Health
Mission; PHC: Primary health centre
Acknowledgments
This work is part of the University of British Columbia PRE-EMPT (Pre-eclampsia/
Eclampsia, Monitoring, Prevention and Treatment) initiative supported by the
Bill & Melinda Gates Foundation. We gratefully acknowledge contributions
of the Community Level Interventions for Pre-eclampsia (CLIP) India Feasibility
Working Group: Beth Payne, Sharla Drebit, Chirag Kariya, Zulfiqar Bhutta, Anjali
Joshi, Laura Magee, Sheela Naik, Sangmesh Rakkareddi, and Amit Revankar. We
also acknowledge the support of SN Medical College, KLE University’s JN
Medical College, University of British Columbia, Government of Karnataka,
the district health administration of Belgaum and Bagalkot Districts, the
local medical officers, auxiliary nurse midwives, accredited social health
activists, and other health centre staff for their participation. We additionally
acknowledge the research office staff for assisting in data translation and
transcription. Finally, a special thanks to all the participants.
Declarations
This article has been published as part of Reproductive Health Volume 13
Supplement 2, 2016: Building community-level resilience for the case of
women with pre-eclampsia. The full contents of the supplement are available
online at http://reproductive-health-journal.biomedcentral.com/articles/supplements/volume-13-supplement-2. Publication charges for this supplement
were funded by the University of British Columbia PRE-EMPT (Pre-eclampsia/
Eclampsia, Monitoring, Prevention and Treatment) initiative supported by the
Bill & Melinda Gates Foundation.
Authors’ contributions
UR drafted the manuscript with valuable assistance and input from all
authors. MV led analysis of this study. UR, UC, GK, SB, and CK co-ordinated
conduct of all study activities. DS and RQ were instrument in the initial study
design. AM, SG, PvD and RD provided guidance and oversight during study
design, data collection, analysis and interpretation of findings. All authors
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Peer review
Reviewer reports for this article are included in Additional file 1.
Author details
1
Department of Community Medicine, S Nijalingappa Medical College,
Bagalkot, Navanagar 587102, India. 2Department of Obstetrics and
Gynaecology, and the Child and Family Research Unit, University of British
Columbia, Vancouver V5Z 4H4, Canada. 3KLE University’s Jawaharlal Nehru
Medical College, Neharu Nagar, Belgaum 590010, India. 4Department of
Obstetrics and Gynaecology, S Nijalingappa Medical College, Bagalkot,
Navanagar 587102, India. 5Department of Pharmacology, S Nijalingappa

Page 148 of 162

Medical College, Bagalkot, Navanagar 587102, India. 6Department of
Research, Vancouver Island Health Authority, Victoria V8R 1J8, Canada.
7
Division of Women and Child Health, Aga Khan University, Karachi, Pakistan.
8
Molecularand Clinical Sciences Research Institute, St George’s, University of
London, and Department of Obstetrics and Gynaecology, St George’s
University Hospitals NHS Foundation Trust, London SW17 0RE, UK.
9
Department of Obstetrics and Gynaecology, Thomas Jefferson University,
Philadelphia 19107, USA.
Published: 30 September 2016
References
1. Registrar General of India, Sample Registration System (RGI-SRS)
http://pib.nic.in/newsite/mbErel.aspx?relid=124244 visited on 22 Feb 2016
2. SRS Bulletin, Sample Registration System, Registrar, General of India, Ministry
of Health, Government of India. 2014; Volume 49 (1)
3. Khan KS, Daniel W, Lale S, Metin Gulmezoglu A. A Van Look PFA: WHO
analysis of cause of maternal death: A systematic review. Lancet. 2006;
367(suppl9516):1066–74.
4. Duley L. Maternal mortality associated with hypertensive disorders of
pregnancy in Africa, Asia, Latin America and the Caribbean. Br J Obstet
Gynaecol. 1992;99:547–53.
5. Ameh CA, Ekechi CI, Tukur J. Monitoring severe pre-eclampsia and
eclampsia treatment in resource poor countries: Skilled birth attendant
perception of a new treatment and monitoring chart (LIVKAN chart). Matern
Child Health J. 2012;16(5):941–6.
6. Duley L. The global impact of pre-eclampsia and eclampsia. Semin
Perinatol. 2009;33(3):130–7. Praveen Kumar, Jai Bhagwan Sharma
Hypertensive Disorders in Pregnancy. JIMSA October - December 2010 Vol.
23 No. 4.
7. Sample Registration system: maternal mortality in India: 1997–2003. Trends
causes and risk factors. New Delhi Registar General India; 2006. http://www.
health.mp.gov.in/Maternal_Mortality_in_India_1997-2003.pdf.
8. Directorate General of Health Services: Indian Public Health Standards(IPHS)
for Primary Health Centre revised guidelines. In: Ministry of Health and
Family Welfare. New Delhi Government of India; 2010. http://health.bih.nic.
in/Docs/Guidelines/Guidelines-PHC-2012.pdf.
9. Directorate General of Health Services: Indian Public Health Standards(IPHS)
for Sub Centre revised guidelines. In: Ministry of Health and Family Welfare.
New Delhi Government of India; 2010. http://nrhm.gov.in/images/pdf/
guidelines/iphs/iphs-revised-guidlines-2012/sub-centers.pdf.
10. National Rural Health Mission Frame work for implementation (http://nrhm.
gov.in/images/pdf/about-nrhm/nrhm-framework-implementation/nrhmframework-latest.pdf).
11. Park K. Park’s Text book of Preventive and Social Medicine. 23rd ed.
Jabalpur: Banarasidas Bhanot Publishers; 2015.
12. Kishore J. National health programmes of India: National policies and
legislations related to health. Peer-reviewed, Official Publication of the
Indian Academy of Geriatrics. 2012:165.
13. Khowaja AR, Quershi R, Sawchuck D, Oladapo OT, Adetoro OO, Orenuga EA,
Bellad M, Mallapur A, Charanthimath U, Sevene E, Munguambe K, Boene H, Vidler
M, Bhutta Z, von Dadelszen P, for the CLIP Working Group. The feasibility of
community level interventions for pre-eclampsia in south Asia and sub-Saharan
Africa: a mixed-methods design. Reprod Health. 2016;13(Supplement 1):56.
14. Christian D, Sonaliya KN, Garsondiya J. Female feticide in the view of fertile
females-A study among suburban pregnant women of Gujarat, India. Int J
Med Sci Public Health. 2014;3(3):300–4.

[Downloaded free from http://www.ijaweb.org on Monday, July 13, 2020, IP: 182.48.228.10]

Special Article

Faculty promotions in medical institutions in India:
Can we improve the criteria?
Address for correspondence:
Dr. Madhuri S Kurdi,
Department of
Anaesthesiology, Karnataka
Institute of Medical Sciences,
Hubli, Karnataka, India.
E‑mail: drmadhuri_kurdi@
yahoo.com

Access this article online
Website: www.ijaweb.org
DOI: 10.4103/0019-5049.193657
Quick response code

Vithal Krishna Dhulkhed, Madhuri S Kurdi1, Pavan V Dhulkhed 2,
Ashwini H Ramaswamy1
Department of Anaesthesiology, Krishna Institute of Medical Sciences, Karad, Maharashtra, 1Department
of Anaesthesiology, Karnataka Institute of Medical Sciences, Hubli, 2Department of Anaesthesiology,
J. N. Medical College, Belgaum, Karnataka, India

ABSTRACT
Research publications are desirable for academic promotion in medical colleges as per the
current rules of the Medical Council of India (MCI). These rules reflect an endeavour to improve
the academic standards. We strongly believe that every medical college teacher should conduct
true research and contribute to good peer‑reviewed publications. However, it is felt that the
MCI rule has the potential to lead to undesirable consequences, and the quality of teaching and
learning could take a back-seat. There is an urgent need to adopt more objective criteria and
better guidelines as followed by well‑known global institutes. In our own country, the University
Grants Commission has formulated specific guidelines for this purpose in the form of Academic
Performance Indicators which, it appears, are not taken into consideration by the MCI. This article
discusses the adverse impact of the rule and suggests ways for the adoption of a more scientific
assessment system for faculty appointment and promotion.

Key words: Academic, education, faculty, publications, research, teaching, universities

INTRODUCTION
Promotion to the higher academic ranks is the
desire of many faculty members in medical
colleges. In India, medical institutions follow the
Medical Council of India (MCI) rules regarding
appointment and promotion of faculty. As per the
current rules of the MCI, research publications
in indexed journals are mandatory for academic
promotion in medical colleges.[1,2] These rules are
a sincere attempt for promoting research but have
the potential to create several problems such as
stress for medical teachers, growth of predatory
journals, evolution of manuscript writing services,
transgression in scientific communication, lowering
the quality of research publications and a crazy
race for publications. Consequently, the quality
of teaching and learning may take a back‑seat.
As mentioned in an editorial, nowadays, the
major purpose of conducting a research project is
publication.[3] A concerted effort has been recently
made by some former and present journal editors
from India to highlight the controversies and
796

confusions surrounding the latest MCI guidelines
for promotion.[4] This article highlights the impact
of the rule to publish on scientific writing in India
and suggests better methods that can be adopted
by the MCI for screening suitability for faculty
appointment and promotion in medical colleges and
universities. The information was collected from
various issues of recent journals and latest university
websites (predominantly 2014 onwards) via ‘Google
search engine’ using the words ‘academic’, ‘Medical
Council of India’, ‘faculty promotions’, ‘faculty
research and publications’, ’medical universities’
and ‘medical teachers.’ Many editorials and articles
reflecting the personal perspectives of the concerned
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authors were found in this endeavour. Their opinions
and ours are amalgamated in this article.

STRESS ON MEDICAL COLLEGE TEACHERS
Many medical teachers are not properly trained in
research methodology. Many of the original research
articles currently published in Indian journals are a
product of dissertations, wherein the student and
the teacher (post‑graduate guide) conduct research
work and publications together; nevertheless,
post‑graduate course is absent in several institutes,
and in such places, the teacher faces the problem
of doing research as the sole investigator with no
research backup.[5] In the low‑ and middle‑income
countries, low‑quality research is being conducted
and reported because of reasons such as lack of
support, substandard infrastructure and limited
access to current evidence.[6] Hence, such research is
not accepted for publication in good journals.[7] Some
institutes suffer from understaffing of teachers and
consultants, and the pressure of regular teaching and
clinical/administrative work falls into the hands of a
few teachers, leaving them with no time for research.[5]
In a survey on current publication‑related views and
practice of faculty members and consultants, it was
found that the publication rule had become a burden
for 46% respondents; 27% respondents felt that
publications are a mandatory stress, 57.3% felt that the
mandatory number of publications induces unhealthy
competitions and 56.1% felt that the rule of mandatory
publications exerts undue stress on editors of national
and indexed journals.[8] This survey though portrays
interesting opinions of Indian anaesthesiologists
on some aspects of publications has a low response
rate; nevertheless, there are currently no other survey
results published in India on this topic. Often, the
articles written by Indian researchers are deficient in
grammar and adequate references. Poorly planned,
conducted and presented research is commonly found
and this leads to manuscript rejection.[9] For the authors,
repeated manuscript submissions, resubmissions and
rejections are painful. Long review publication times
of several journals also increase author anxiety.[8]

FLOURISHING OF PREDATORY JOURNALS
As said by Beall, ‘predatory’ journals have nowadays
corrupted the world of scientific publications.[10] They
charge publication fees but deliberately omit the peer
review process.[11] Newly launched journals exploiting
the gold open access (OA) model have a much stronger

interest in accepting all submissions within a short
term through soft/no peer review.[12] Peer review is
the best way to ensure quality control of scientific
material.[13] A fall in peer review standards leads to
a fall in journal scientific quality, and substandard
articles gain easy access to publication.[5] Predatory
OA journals are a strong, destructive threat to the
scientific credibility of research.[10,14]

EVOLUTION OF MANUSCRIPT WRITING SERVICES
Scientific writing involves steps such as performing
literature search, gathering and analysing data
and writing and improvising numerous versions
of a manuscript after facing critical peer review
comments. This entire process of publication teaches
the author how to write a good manuscript and to
develop the capacity to appreciate/criticise other
scientific publications.[15] However, nowadays, online
manuscript editing services are coming up. These can
provide ready‑made manuscripts after paying some
amount of money. Thus, the author never takes the
trouble of writing and rewriting the manuscript and
thereby never develops an author’s acumen.

PROMOTION OF SCIENTIFIC MISCONDUCT
The incidence of scientific misconduct is on an upswing
nowadays.[16] The integrity and scientific merit of peer
review are insecure.[13] In the recent years, a tenfold
increase in retractions of articles for scientific fraud
has been estimated with 29% due to plagiarism.[17] As
mentioned by an author and also found in a survey, the
MCI rule of mandatory publications has encouraged
plagiarism.[5,8]
A leading British medical journal recently retracted 43
published articles for scientific fraud. One of the involved
authors said that he handled a lot of surgical work in a
hospital and consequently had very little time left for
scientific research, but the government rules were such
that he would not get promoted unless he had articles
published in respected medical journals.[18] A leading
journal related to anaesthesia recently retracted an article
by an Indian author after confirming that the concerned
original research study had never been conducted.[19]

LOWERING OF THE ACADEMIC VALUE OF SOME
TYPES OF PUBLICATIONS
Case reports describe new and important clinical
observations, rare situations and novel techniques.
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However, unfortunately, the MCI does not consider
case reports for promotions.[2] As mentioned by some
authors, there will soon be a time when most medical
teachers in pursuit of ‘publications’ will simply stop
clinical reporting and many ‘me too studies’ ‑ the
so‑called original research will come up in paid
journals which will not add anything to the subject.[20]
Other types of publications such as letter to
editors, editorial comments, special articles and
brief communications are currently not given any
consideration. This is extremely unfortunate since
not surprisingly these publications are most of the
times genuine and are true to their salt (with some
exceptions). In several prestigious foreign universities,
research has been given an impetus.[21‑23] In fact, the
research/scholarship criterion is given a maximum
score for performance description of a professor/reader
in the University of Cambridge.[21]
A medical college teacher in India has to do multiple
roles of a classroom teacher, a clinician cum instructor,
a clinical supervisor, a student facilitator cum
mentor, a researcher with good publication output, a
postgraduate dissertation guide, a conference delegate/
speaker and an undergraduate/postgraduate examiner.
Research promotes basic knowledge, develops new
drugs and instruments and provides guidance in
planning health policies. The quality of teaching
improves if the faculty is research oriented.[5]
Measuring academic achievements and the quality
of teachers is not an easy task, especially when
individuals are assessed for promotions in several
fields with differing job descriptions. Assessment by
peers is prone to bias. Hence, objective criteria are
required to measure the academic achievements.[4]
According to the University Grants Commission (UGC)
Guidelines, the promotion of teachers in most universities
in India is governed by the Career Advancement
Scheme. It has developed a system of Academic
Performance Indicators (APIs) in this scheme. The API
scores are based on the teacher’s self‑assessment. The
self‑assessment scores are based on objectively verifiable
criteria and are finalised by the promotion screening/
selection committee.[24] There are different categories for
calculating the API scores. Category I includes teaching,
learning and evaluation related activities. Category
II includes co‑curricular, extension and professional
development related activities. Category III includes
research and academic contributions.[24]

Several prestigious top ranking foreign universities
have excellent criteria and guidelines for appointment
and promotion of faculty.
•
Noted Institutions such as Harvard Medical
School, Stanford Medical University, The John
Hopkins School of Medicine and the University
of Utah follow their set guidelines for faculty
promotions. Scholarly achievement for promotion
in these institutions includes the documentation
of primary contributions/co‑authorship to the
following in no particular order‑peer reviewed
papers, case reports, letters to the editor, syllabus
materials, evidence‑based guidelines, review
articles, book chapters, textbooks, handbooks,
films, videos, exhibits and web‑based material.
The impact of these scholarly works on the
health‑care delivery and not the number is
considered. The Hirsch (H) index is used for
assessing the quality of publications. Outstanding
teaching is assessed by the quality of education
provided and its impact on one’s trainees,
mentoring and teaching trainees and initiating
projects that address important questions
having the potential to change the practice of
medicine or education. Clinical achievements
include being known regionally or nationally
as an expert clinician.[23] At Stanford University
School of Medicine, faculty is appointed at the
ranks of Assistant Professor, Associate Professor
and Professor in separate categories/lines:
Teaching/research/medical centre line. There is
no requirement for formal teaching or clinical
care in the research line. However, there must be
acceptable performance in any teaching roles as
well as excellence in clinical care. The faculty in
the teaching line do not have any formal research
obligation and is discouraged from significant
time commitments. However, since teaching
and scholarship are inter‑related, the university
anticipates that many faculties will make
strong scholarly contributions in the form of
peer‑reviewed articles. Chapters, commentaries
and case reports are also considered if they
are of acceptable quality. Implementation of
novel teaching methodologies/shaping a core
curriculum/creating
educational
software
are other scholarly contributions which are
considered. The reappointments in these lines
are based on evidence of continuing outstanding
contributions and excellence in the concerned
fields.[22]
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Faculty may thus be education/research/clinical
practice oriented. Unfortunately, the MCI faculty
appointment and promotion rule does not give
due consideration and weightage for teaching,
administrative and clinical achievements. It does
not give due consideration to the true quality and
the different types of publications, other important
criteria involving teaching, ability to guide the
student, student satisfaction, patient care, clinical
expertise, educational innovation, innovations and
patents, involvement in various academic activities,
community programmes and service to the college and
university. These qualities are extremely important for
achieving excellence in teaching. Instead of giving
undue importance to publications, these criteria, too,
should be considered as being followed in several
prestigious Indian and foreign universities. In every
field, nowadays, sets of quality indicators or guidelines
are used to assess the quality. Hence, criteria for faculty
appointment and promotion should not be based
solely on one or two criteria such as publications.
Assessment of a good teacher to promote him solely
on these criteria is an injustice. In a set of criteria such
as API, due weightage can be given to publications;
nevertheless, it should not be the sole criteria.
As far as publications are concerned, all types of
publications should be considered and a scoring
system depending on their weightage based on the level
of evidence has to be devised. Weighted importance
to all authors depending on their contribution to the
research work needs to be given.
Nevertheless, we urge the MCI to consider early
reconstruction of the current promotion criteria and
to adopt better and more objective criteria such as
API scores as devised by the UGC and guidelines as
followed by well‑known global institutes. It should
form a suitable committee consisting of academicians
from various institutes and invite suggestions from all
the stakeholders to formulate criteria for appointment
and promotion of teaching faculty.

appointment and promotion. This would go a long
way in raising the academic standards for teaching,
learning and scientific research.
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ABSTRACT
Background
To successfully initiate and maintain breastfeeding for a longer duration, the World Health Organization's Ten Steps to Successful
Breastfeeding recommends total avoidance of artificial teats or pacifiers for breastfeeding infants. Concerns have been raised that offering
the pacifier instead of the breast to calm the infant may lead to less frequent episodes of breastfeeding and as a consequence may reduce
breast-milk production and shorten duration of breastfeeding.
Objectives
To assess the effect of restricted versus unrestricted pacifier use in healthy full-term newborns whose mothers have initiated breastfeeding
and intend to exclusively breastfeed, on the duration of breastfeeding, other breastfeeding outcomes and infant health.
Search methods
We searched the Cochrane Pregnancy and Childbirth Group's Trials Register (30 June 2016) and reference lists of retrieved studies.
Selection criteria
Randomised and quasi-randomised controlled trials comparing restricted versus unrestricted pacifier use in healthy full-term newborns
who have initiated breastfeeding.
Data collection and analysis
Two review authors independently assessed trials for inclusion and risk of bias, extracted data and checked them for accuracy. The quality
of the evidence was assessed using the GRADE approach.
Main results
We found three trials (involving 1915 babies) for inclusion in the review, but have included only two trials (involving 1302 healthy full-term
breastfeeding infants) in the analysis. Meta-analysis of the two combined studies showed that pacifier use in healthy breastfeeding infants
had no significant effect on the proportion of infants exclusively breastfed at three months (risk ratio (RR) 1.01; 95% confidence interval
(CI) 0.96 to 1.07, two studies, 1228 infants), and at four months of age (RR 1.01; 95% CI 0.94 to 1.09, one study, 970 infants, moderate-quality
evidence), and also had no effect on the proportion of infants partially breastfed at three months (RR 1.00; 95% CI 0.98 to 1.02, two studies,
1228 infants), and at four months of age (RR 0.99; 95% CI 0.97 to 1.02, one study, 970 infants). None of the included trials reported data on
the other primary outcomes, i.e. duration of partial or exclusive breastfeeding, or secondary outcomes: breastfeeding difficulties (mastitis,
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cracked nipples, breast engorgement); infant's health (dental malocclusion, otitis media, oral candidiasis; sudden infant death syndrome
(SIDS)); maternal satisfaction and level of confidence in parenting. One study reported that avoidance of pacifiers had no effect on cry/
fuss behavior at ages four, six, or nine weeks and also reported no effect on the risk of weaning before age three months, however the data
were incomplete and so could not be included for analysis.
Authors' conclusions
Pacifier use in healthy term breastfeeding infants, started from birth or after lactation is established, did not significantly affect the
prevalence or duration of exclusive and partial breastfeeding up to four months of age. Evidence to assess the short-term breastfeeding
difficulties faced by mothers and long-term effect of pacifiers on infants' health is lacking.

PLAIN LANGUAGE SUMMARY
Effect of restricted pacifier use on duration of breastfeeding in full-term infants
What is the issue and why is it important?
A pacifier, used to calm an infant, has become a cultural norm in many parts of the world. Unlimited pacifier use might cause nipple
confusion in newborn and hence early termination of breastfeeding. We wanted to explore the effect of restricting the use of a pacifier on
the duration of breastfeeding.
What evidence did we find?
We updated the search on 30 June 2016. We identified three studies, with a total of 1915 babies. One study could not be included in the
analysis and so findings are based on two studies involving 1302 infants. The mothers in the studies were motivated to breastfeed recruited
immediately after birth and at two weeks of life, respectively. We found that unrestricted use of a pacifier did not affect the proportion of
infants exclusive or partial breastfeeding at three and four months. The studies were remarkably consistent. We judged this to be moderatequality evidence. There was no information on the effect of pacifier use on any breastfeeding difficulties experienced by the mothers,
maternal satisfaction, infant crying and fussing and infant problems such as otitis media and dental malocclusion.
What does this mean?
In motivated mothers, there is moderate-quality evidence that pacifier use in healthy term breastfeeding infants before and after lactation
is established does not reduce the duration of breastfeeding up to four months of age. However, there is insufficient information on the
potential harms of pacifiers on infants and mothers. Until further information becomes available on the effects of pacifiers on the infant,
mothers who are well-motivated to breastfeed should be encouraged to make a decision on the use of a pacifier based on personal
preference.
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Pacifier use versus pacifier restriction for increasing duration of breastfeeding

Comparison: no restriction in pacifier use
Outcomes

Proportion of infants exclusively
breastfed at 4-6 months

Illustrative comparative risks* (95% CI)
Assumed risk

Corresponding risk

Control

Pacifier use versus
pacifier restriction

Study population
743 per 1000

751 per 1000
(699 to 810)

Outcome not reported

Breastfeeding difficulties

Outcome not reported

Maternal satisfaction and level of
confidence in parenting

Outcome not reported

Infant otitis media

Outcome not reported

Infant dental malocclusion

Outcome not reported

No of Participants
(studies)

Quality of the
evidence
(GRADE)

Comments

RR 1.01
(0.94 to 1.09)

970
(1 study)

⊕⊕⊕⊝
moderate 1

Not downgraded for study limitations (lack of blinding of the intervention as there was blinding
of the outcome assessor and outcome is objective)

*The basis for the assumed risk (e.g. the median control group risk across studies) taken from the included studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio.
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
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Patient or population: healthy full-term newborns whose mothers have initiated breastfeeding and intend to exclusively breastfeed
Settings: multi-centre trial carried out at 5 tertiary centres in Argentina
Intervention: restricted pacifier use
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BACKGROUND
Description of the condition
The World Health Organization (WHO) Expert Consultation
recommends that infants be exclusively breastfed (the infant
receives only breast milk with no other liquids including
water or solids) up to the first six months of life and as a
dietary supplement thereafter. In order to successfully initiate
and maintain breastfeeding for a longer duration, and avoid
supplementary feeding, the WHO's Ten Steps to Successful
Breastfeeding recommends artificial teats or pacifiers should not be
given for breastfeeding infants (WHO 1998).
The pacifier, a non-nutritive sucking device, which is also called
the dummy or teether is a smooth rubber or plastic object that
is given to an infant to suck on, in an attempt to provide comfort
and to stop crying. Its use has been documented since 1000 B.C.
(Kramer 2001; Levin 1971). Infants have a biological need to suck,
which includes non-nutritive sucking (NNS) on fingers, thumbs, and
pacifiers (Neifert 1995). NNS is considered normal for infants and
it often starts in the womb. The prevalence of NNS in a society
depends on ethnic and social-economic factors and childcare
practices and has become a cultural norm in many parts of the
world as a device used to calm the infant (Barros 1995).
Pacifiers are often believed to be harmless or even necessary and
beneficial for infants' development (Victora 1997), especially for
preterm infants. They provide a calming effect and have been
used for pain and anxiety prevention. A meta-analysis of seven
case-control studies (Hauck 2005) demonstrated an association
between pacifier use and a reduction in the risk of sudden infant
death syndrome (SIDS). Many hospitals have traditionally provided
pacifiers at birth.
Some observational studies (Levi 2002; Ullah 2003; Vogel 2001)
suggest that early infant exposure to a pacifier may interfere
with breast-milk production and lead to early discontinuation of
breastfeeding by three to six months (Boccolini 2015; Mascarenhas
2006) and overall breastfeeding by 12 months (Scott 2005). This is
perhaps due to less frequent episodes of breastfeeding, ineffective
sucking on the breasts which may lead to increased breastfeeding
difficulty and thus, decreased maternal motivation to breastfeed.

Description of the intervention
For this review, the intervention is the restriction of pacifiers in
breastfeeding infants. With restricted pacifier use, mothers should
be advised to initiate breastfeeding early, breastfeed their infant
on demand and to avoid offering the pacifier or artificial teats
unless medically indicated for a short duration. Information might
be given on the possible effects of pacifier use on breast-milk
production, including the possibility of nipple confusion and the
effect of reduced sucking at the breast. Mothers could be taught
alternative methods to manage their infants' fuss and cry instead
of using a pacifier to calm and soothe them. Using a pacifier
between the feeds sparingly or occasionally for a short duration to
calm the infant from pain or anxiety when other effort has failed
or for the control of procedural pain is thought to be unlikely
to affect the frequency of breastfeeding (Vogel 2001), or cause
breastfeeding difficulty (Ullah 2003) and hence, it should be left
to the mother's discretion to decide on their infant's need after
ensuring that breastfeeding frequency is not compromised. The
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control intervention is unrestricted pacifier use where a pacifier
could be offered liberally to the infant to suck on for many hours a
day between the feeds without any clear medical reason.

How the intervention might work
It has been suggested that avoidance or restricted daily usage of
pacifier in breastfeeding infants, especially in the first few weeks of
life until breastfeeding is fully established, is beneficial in increasing
the duration of breastfeeding (Boccolini 2015; Levi 2002) as it allow
infants to be exclusively breastfed without interference. Studies
have shown that breast-milk production and supply are maintained
by frequent suckling of the breast and nipple stimulation by the
infant (Aarts 1999; Neville 1988). In order to breastfeed successfully,
infants must learn to attach and suckle properly at the breast.
Effective breast sucking technique requires the infant to have a
wide open mouth, with the tongue under the areola and requires
slow and deep sucks, whereas sucking on a pacifier is superficial
sucking, with short and fast sucks using minimal effort (Gomes
2006; Righard 1992).
The difference in oral dynamics between sucking on the breasts and
sucking on a pacifier might cause 'nipple confusion', which might
lead to ineffective sucking of breast milk (Gomes 2006; Neifert
1995). Incorrect latching onto the breasts and superficial sucking
on the mother's nipple may lead to a cracked nipple and mastitis,
which might further impede breastfeeding. In addition, frequent
and prolonged use of pacifier might lead to the development of a
preference for an artificial teat instead of the mother's nipple. As
a consequence, it would not only reduce a mother's breast-milk
production causing early weaning of breastfeeding (Howard 1999;
Righard 1998), but it might also increase the fuss and cry due to
inadequate breast-milk supply, which might result in the mother
supplementing her infant with formula milk.
Interestingly, there is evidence to suggest that the pacifiers may
have a positive effect on breastfeeding. This might be because they
may help to take the infant off the breast and thereby increase the
interval between feedings and possibly increase breast-milk intake
by the infant (Victora 1997). Observational evidence also indicates
that occasional use of the pacifier has no effect on breastfeeding
duration compared to daily pacifier use (Ullah 2003; Vogel 2001)
and thus it remains unclear whether pacifiers are an independent
causal factor for reducing breastfeeding duration.

Why it is important to do this review
Conventional wisdom and that derived from observational studies
holds that pacifiers interfere with breastfeeding and significantly
decrease breastfeeding duration, but this association has not been
confirmed by high-quality studies (Kair 2013; O'Connor 2009).
There is some evidence that pacifiers may have a beneficial
effect in preventing SIDS including in breastfed infants (Hauck
2005) and many practitioners and hospitals recommend their use
during sleep time. However, some breastfeeding advocates have
expressed concern that promotion of pacifier use to be protective
against SIDS, is inconsistent with promotion of breastfeeding. A
more recent meta-analysis of 18 case-control studies (Hauck 2011)
suggested that breastfeeding itself might also be protective against
SIDS, especially when breastfeeding is exclusive. Other studies
have suggested an association between long-term sucking on the
pacifier and increased risk of recurrent acute otitis media (Jackson
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1999), oral candidiasis (Darwazeh 1995) and dental malocclusion
(Caglar 2005). However a systematic review (Pinelli 2000) reported
that decreasing the use of the pacifier around age two and
discontinuing by age four might minimise the development of
malocclusion.

1. Prevalence or proportion of infants being fully or partially
breastfed at three, four and six months of age.
2. Duration of full or exclusive breastfeeding (months) as defined
by Labbok 1990.
3. Duration of any or partial breastfeeding (months).

Nevertheless, pacifier use is a cultural norm and a lifestyle choice.
The current available evidence is not yet clear yet on the impact of
pacifier use on breastfeeding duration or exclusivity. It also remains
unclear whether early breastfeeding cessation and a maternal
intention to wean the infant from exclusive breastfeeding precedes
the use of a pacifier or vice versa. It is possible that a mother
may have experienced breastfeeding difficulties early and intended
to stop breastfeeding by introducing the pacifier to the infant in
preparation to take on bottle feeding.

Secondary outcomes

Therefore, the aim of this review is to study the effect of restricted
pacifier exposure in healthy infants whose mothers have initiated
breastfeeding and intend to exclusively breastfeed, on the duration
of breastfeeding and infant health.

OBJECTIVES
To assess the effect of restricted pacifier use versus unrestricted
pacifier use in healthy full-term newborns whose mothers have
initiated breastfeeding and intend to exclusively breastfeed, on the
duration of breastfeeding, other breastfeeding outcomes and infant
health.

METHODS
Criteria for considering studies for this review
Types of studies
All randomised controlled trials including quasi-randomised trials
and cluster-randomised trials. Cross-over trials were not eligible for
inclusion.
Types of participants
Healthy full-term newborns whose mothers have initiated
breastfeeding and intend to exclusively breastfeed regardless of
whether they were born at home or in hospital. We planned to
exclude studies including newborns exposed to bottle feeding prior
to enrolment.
Types of interventions
Advice against pacifier use (restricted) compared with unrestricted
or actively encouraged use of a pacifier in breastfeeding infants
from postpartum period till six months of age.
Types of outcome measures
Definition of breastfeeding and partial breastfeeding
Full or exclusive breastfeeding is defined as no food (solid or
liquid including water) other than breast milk. Almost exclusive
breastfeeding allows infrequent supplemental liquids, other than
milk formula, and in partial breastfeeding other milk supplements
are regularly given along with breastfeeding (Labbok 1990).
Primary outcomes
Duration of breastfeeding as measured by one of the following.

1. Breastfeeding difficulties (cracked nipples, breast engorgement,
mastitis).
2. Maternal satisfaction and level of confidence in parenting.
3. Episodes/frequency of infant crying and fussing per day.
4. Incidence of sudden infant death syndrome (SIDS).
5. Infant oral candidiasis.
6. Infant otitis media.
7. Infant dental malocclusion.

Search methods for identification of studies
The following methods section of this review is based on a standard
template used by the Cochrane Pregnancy and Childbirth Group.
Electronic searches
We searched the Cochrane Pregnancy and Childbirth Group’s Trials
Register by contacting their Information Specialist (30 June 2016).
The Register is a database containing over 22,000 reports of
controlled trials in the field of pregnancy and childbirth. For full
search methods used to populate the Pregnancy and Childbirth
Group’s Trials Register including the detailed search strategies for
CENTRAL, MEDLINE, Embase and CINAHL; the list of handsearched
journals and conference proceedings, and the list of journals
reviewed via the current awareness service, please follow this
link to the editorial information about the Cochrane Pregnancy
and Childbirth Group in the Cochrane Library and select the
‘Specialized Register ’ section from the options on the left side of
the screen.
Briefly, the Cochrane Pregnancy and Childbirth Group’s Trials
Register is maintained by their Information Specialist and contains
trials identified from:
1. monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL);
2. weekly searches of MEDLINE (Ovid);
3. weekly searches of Embase (Ovid);
4. monthly searches of CINAHL (EBSCO);
5. handsearches of 30 journals and the proceedings of major
conferences;
6. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.
Search results are screened by two people and the full texts
of all relevant trial reports identified through the searching
activities described above are reviewed. Based on the intervention
described, each trial report is assigned a number that corresponds
to a specific Pregnancy and Childbirth Group review topic (or
topics), and is then added to the Register. The Information
Specialist searches the Register for each review using this topic
number rather than keywords. This results in a more specific search
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set which has been fully accounted for in the relevant review
sections (Included studies; Excluded studies).
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(2) Allocation concealment (checking for possible selection bias)

We searched the reference lists of retrieved studies.

We described for each included study the method used to conceal
allocation to interventions prior to assignment and assessed
whether intervention allocation could have been foreseen in
advance of, or during recruitment, or changed after assignment.

We did not apply any language or date restrictions.

We assessed the methods as:

Data collection and analysis

• low risk of bias (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes);
• high risk of bias (open random allocation; unsealed or nonopaque envelopes, alternation; date of birth);
• unclear risk of bias.

Searching other resources

For methods used in previous versions of this review, see Jaafar
2011; Jaafar 2012.
For this update, we planned to use the following methods to
assess the one report identified as a result of the updated search.
Unfortunately, no new studies were included in this update.
The following methods section of this review is based on a standard
template used by Cochrane Pregnancy and Childbirth.
Selection of studies
Two review authors independently assessed for inclusion the
potential study identified as a result of the search strategy. We
resolved any disagreement through discussion or, if required, we
consulted the third review author.
Data extraction and management
We designed a form to extract data. In the previous version
of this review (Jaafar 2012), for eligible studies, two review
authors extracted the data using the agreed form. We resolved
discrepancies through discussion or, if required, we consulted
the third review author. Data were entered into Review Manager
software (RevMan 2014) and checked for accuracy.
When information regarding any of the above was unclear, we
planned to contact authors of the original reports to provide further
details.

(3.1) Blinding of participants and personnel (checking for
possible performance bias)
We described for each included study the methods used, if any, to
blind study participants and personnel from knowledge of which
intervention a participant received. We considered that studies
were at low risk of bias if they were blinded, or if we judged that
the lack of blinding unlikely to affect results. We assessed blinding
separately for different outcomes or classes of outcomes.
We assessed the methods as:
• low, high or unclear risk of bias for participants;
• low, high or unclear risk of bias for personnel.
(3.2) Blinding of outcome assessment (checking for possible
detection bias)
We described for each included study the methods used, if any, to
blind outcome assessors from knowledge of which intervention a
participant received. We assessed blinding separately for different
outcomes or classes of outcomes.
We assessed methods used to blind outcome assessment as:

Assessment of risk of bias in included studies

• low, high or unclear risk of bias.

In the previous version of this review (Jaafar 2012), two review
authors independently assessed risk of bias for each study using the
criteria outlined in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011). Any disagreement was resolved by
discussion or by involving a third assessor.

(4) Incomplete outcome data (checking for possible attrition
bias due to the amount, nature and handling of incomplete
outcome data)

(1) Random sequence generation (checking for possible
selection bias)
We described for each included study the method used to generate
the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.
We assessed the method as:
• low risk of bias (any truly random process, e.g. random number
table; computer random number generator);
• high risk of bias (any non-random process, e.g. odd or even date
of birth; hospital or clinic record number);
• unclear risk of bias.

We described for each included study, and for each outcome or
class of outcomes, the completeness of data including attrition
and exclusions from the analysis. We stated whether attrition and
exclusions were reported and the numbers included in the analysis
at each stage (compared with the total randomised participants),
reasons for attrition or exclusion where reported, and whether
missing data were balanced across groups or were related to
outcomes. Where sufficient information was reported, or could be
supplied by the trial authors, we planned to re-include missing data
in the analyses which we undertook.
We assessed methods as:
• low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups);
• high risk of bias (e.g. numbers or reasons for missing
data imbalanced across groups; ‘as treated’ analysis done
with substantial departure of intervention received from that
assigned at randomisation);
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• unclear risk of bias.
(5) Selective reporting (checking for reporting bias)
We described for each included study how we investigated the
possibility of selective outcome reporting bias and what we found.
We assessed the methods as:
• low risk of bias (where it is clear that all of the study’s prespecified outcomes and all expected outcomes of interest to the
review have been reported);
• high risk of bias (where not all the study’s pre-specified
outcomes have been reported; one or more reported primary
outcomes were not pre-specified; outcomes of interest are
reported incompletely and so cannot be used; study fails to
include results of a key outcome that would have been expected
to have been reported);
• unclear risk of bias.
(6) Other bias (checking for bias due to problems not covered by
(1) to (5) above)
We described for each included study any important concerns we
had about other possible sources of bias.
(7) Overall risk of bias
We made explicit judgements about whether studies were at high
risk of bias, according to the criteria given in the Handbook (Higgins
2011). With reference to (1) to (6) above, we planned to assess
the likely magnitude and direction of the bias and whether we
considered it is likely to impact on the findings. In future updates,
we will explore the impact of the level of bias through undertaking
sensitivity analyses - see Sensitivity analysis.
Assessment of the quality of the evidence using the GRADE
approach
For this update (2016) the quality of the evidence was assessed
using the GRADE approach as outlined in the GRADE handbook
in order to assess the quality of the body of evidence relating to
the following outcomes for the main comparisons of unrestricted
pacifier versus no pacifier use in breastfeeding infants.
Primary outcomes
1. Prevalence or proportion of infants fully breastfed four to six
months of age.
2. Duration of full or exclusive breastfeeding (months).
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imprecision, indirectness and publication bias) to assess the
quality of the body of evidence for each outcome. The evidence can
be downgraded from 'high quality' by one level for serious (or by
two levels for very serious) limitations, depending on assessments
for risk of bias, indirectness of evidence, serious inconsistency,
imprecision of effect estimates or potential publication bias.
Measures of treatment effect
Dichotomous data
For dichotomous data, we presented results as summary risk ratio
with 95% confidence intervals.
Continuous data
Had we encountered continuous outcomes, we would have
reported the mean difference if outcomes were measured in the
same way between trials. We would have used the standardised
mean difference to combine trials that measured the same
outcome, but used different methods.
Unit of analysis issues
Cluster-randomised trials
Had we identified any cluster-randomised trials, we would have
included them in the analyses along with individually-randomised
trials. We would have adjusted their sample sizes or standard
errors using the methods described in the Handbook [Section
16.3.4 or 16.3.6] using an estimate of the intracluster correlation
co-efficient (ICC) derived from the trial (if possible), from a
similar trial or from a study of a similar population. If we had
used ICCs from other sources, we would have reported this and
conducted sensitivity analyses to investigate the effect of variation
in the ICC. If we had identified both cluster-randomised trials
and individually-randomised trials, we planned to synthesise the
relevant information. We would have considered it reasonable to
combine the results from both if there was little heterogeneity
between the study designs and the interaction between the effect of
intervention and the choice of randomisation unit was considered
to be unlikely.
We would have also acknowledged heterogeneity in the
randomisation unit and performed a sensitivity analysis to
investigate the effects of the randomisation unit.
Cross-over trials
Cross-over trials were not eligible for inclusion.
Other unit of analysis issues

Secondary outcomes
1. Breastfeeding difficulties such as cracked nipples, breast
engorgement, mastitis.
2. Maternal satisfaction and level of confidence in parenting.
3. Infant otitis media.
4. Infant dental malocclusion.
We used GRADEpro Guideline Development Tool to import data
from Review Manager 5.3 (RevMan 2014) in order to create a
’Summary of findings’ table. A summary of the intervention
effect and a measure of quality for each of the above outcomes
was produced using the GRADE approach. The GRADE approach
uses five considerations (study limitations, consistency of effect,

Had the included studies recruited twins, we would have reported
the proportion of twins in the study and described how these were
dealt with in the randomisation process.
Dealing with missing data
For included studies, levels of attrition were noted. In future
updates, if more eligible studies are included, the impact of
including studies with high levels of missing data in the overall
assessment of treatment effect will be explored by using sensitivity
analysis.
For all outcomes, analyses were carried out, as far as possible, on an
intention-to-treat basis i.e. we attempted to include all participants
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randomised to each group in the analyses. The denominator for
each outcome in each trial was the number randomised minus any
participants whose outcomes were known to be missing.
Assessment of heterogeneity
We assessed statistical heterogeneity in each meta-analysis using
the Tau2, I2 and Chi2 statistics. We regarded heterogeneity as
substantial if an I2 was greater than 30% and either the Tau2 was
greater than zero, or there was a low P value (less than 0.10)
in the Chi2 test for heterogeneity. Had we identified substantial
heterogeneity (above 30%), we planned to explore it by prespecified subgroup analysis.
Assessment of reporting biases
In future updates, if there are 10 or more studies in the metaanalysis, we will investigate reporting biases (such as publication
bias) using funnel plots. We will assess funnel plot asymmetry
visually. If asymmetry is suggested by a visual assessment, we will
perform exploratory analyses to investigate it.

Cochrane Database of Systematic Reviews

However, we were unable to carry out subgroup analysis in this
update due to lack of data.
In future updates, if subgroup analysis is possible, we will assess
subgroup differences by interaction tests available within RevMan
(RevMan 2014). We will report the results of subgroup analyses
quoting the Chi2 statistic and P value, and the interaction test I2
value.
Sensitivity analysis
We planned to carry out sensitivity analyses to explore the effect of
trial quality assessed by concealment of allocation, high attrition
rates, or both, with poor quality studies being excluded from the
analyses in order to assess whether this makes any difference to
the overall result. However, we were unable to carry out sensitivity
analysis due to lack of data in this update.

RESULTS
Description of studies

Data synthesis

Results of the search

We carried out statistical analysis using the Review Manager
software (RevMan 2014). We used fixed-effect meta-analysis for
combining data where it was reasonable to assume that studies
were estimating the same underlying treatment effect: i.e. where
trials were examining the same intervention, and the trials’
populations and methods were judged sufficiently similar.

For the previous version of this review (Jaafar 2012), we identified
nine reports of five randomised controlled trials (RCTs). We
included three studies and excluded two. For this update we
identified one new trial report, which we excluded (Feldens 2013).

If there was clinical heterogeneity sufficient to expect that
the underlying treatment effects differed between trials, or if
substantial statistical heterogeneity was detected, we planned to
use random-effects meta-analysis to produce an overall summary,
if an average treatment effect across trials was considered
clinically meaningful. The random-effects summary would have
been treated as the average of the range of possible treatment
effects and we would have discussed the clinical implications of
treatment effects differing between trials. If the average treatment
effect was not clinically meaningful, we planned not to combine
trials. If we had used random-effects analyses, the results would
have been presented as the average treatment effect with 95%
confidence intervals, and the estimates of Tau2 and I2.
Subgroup analysis and investigation of heterogeneity
Had we identified substantial heterogeneity, we would have
investigated it using subgroup analyses and sensitivity analyses.
We would have considered whether an overall summary was
meaningful, and if it was, we would have used random-effects
analysis to produce it.
We planned to carry out the following subgroup analyses:
1. primiparous versus multiparous mother;
2. vaginal delivery versus cesarean section.
We planned to use the following outcomes in subgroup analyses:
1. duration of full breastfeeding (months);
2. duration of any or partial breastfeeding (months);
3. prevalence or proportion of infants being fully or partially
breastfed at three, four and six months of age.

Included studies
See Characteristics of included studies. We included three studies
involving 1915 babies (Jenik 2009; Kramer 2001; Schubiger 1997).
However, only two of these studies (involving 1302 babies: Jenik
2009; Kramer 2001) contribute data to the analyses.
Jenik 2009: a multicentre trial evaluated pacifier use in
breastfeeding infants once lactation was well-established to see
whether it reduced the prevalence or duration of breastfeeding. A
total of 1021 mothers highly motivated to breastfeed were recruited
and randomly assigned to whether pacifier was offered (n = 528) or
not offered (n = 493). The study was designed as a non-inferiority
trial and only mothers who were already successfully breastfeeding
at two weeks and who indicated their intention to continue to do
so for at least three months were enrolled. Mothers with breast
problems that could interfere with breastfeeding (sore nipples,
mastitis, inverted nipples, breast surgery) were not included.
Participating mothers were interviewed at one, two, three, four,
five, six, eight, 10 and 12 months after birth or until breastfeeding
ended. Interviews were conducted by a research assistant using
a structured questionnaire designed to assess exclusive or any
breastfeeding prevalence, duration of breastfeeding and whether
the baby had used a pacifier. The primary outcome was prevalence
of exclusive breastfeeding at three months. The main secondary
outcomes were the prevalence of exclusive and any breastfeeding
and duration of any breastfeeding. Primary analysis was by
intention-to-treat. Comparison between the two groups in the
study did not show any difference in the baseline characteristics
namely the infant birthweight, mode of delivery, maternal age and
education, and onset of breastfeeding.
Kramer 2001: a double-blind RCT, examined whether or not regular
pacifier use is related to weaning by three months of age. A total
of 281 healthy breastfeeding women who intended to breastfeed
their infant longer and their healthy term singleton infants were
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recruited in the immediate postnatal period prior to discharge from
hospital and randomised to one of two counselling interventions
provided by a trained research nurse. In the experimental group
(n = 140) the mother was asked to avoid pacifier use when the
infant cried or fussed and to first offer the breast and, failing that,
to try carrying or rocking the infant. In the control group (n =
141) all options were discussed for calming the infant, including
breastfeeding, carrying, rocking and pacifier use. To ascertain the
outcome, mothers were asked to complete a validated behaviour
diary on three consecutive days, when their infants were four, six
and nine weeks of age. Study mothers were interviewed at three
months by a research assistant who was blinded to the intervention
status of the mother. A total of 258 (91.8%) mother-infant pairs
completed three months follow-up.
Schubiger 1997: a multicentre prospective randomised trial
evaluating whether avoidance of bottles and pacifiers in the first
five days of life affected long-term breastfeeding performance. In
order to participate, hospitals were required to have established
functioning breastfeeding programmes with early initiation of
breastfeeding, lactation consultants, unrestricted rooming-in and
a policy of restricted infant formula supplements. A total of 602
healthy term infants of mothers who intended to stay in the
hospital for five days postpartum and planned to breastfeed for
three months or more were selected and randomly assigned to the
experimental group (n = 294) where breastfeeding was encouraged
and pacifiers and all forms of artifical teats were forbidden,
and to the control group (n = 308) where pacifiers were offered
without restriction to breastfeeding infants. In both groups, the
fluid supplements during the first five days, consisting of a 10%
dextrin-maltose solution, were allowed when medically indicated
and it was given by cup or spoon in the experimental group and
by bottle in the control group. Upon discharge from hospital it was
left to the mothers of both groups to decide whether or not to use
pacifier and/or bottle. Questionnaires were sent to the mothers at
two, four and six months to request feedback on breastfeeding,
introduction of supplementary nutrition and use of pacifiers. For
the hospital outcomes at five days of life only 180 in the experiment
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group were analysed after 114 (39%) were excluded for protocol
violations, of which 70 were due to use of pacifier. In the control
group there were 17 (5.5%) exclusions for protocol violations at
five days of life. Follow-up data at two, four and six months was
collected from the 70 infants who had protocol violations for use
of pacifier and were included in the analysis. In addition, loss to
follow-up of 23 (restricted pacifier) and 13 (controls) was reported.
It is not clear whether this applies to all three time points.
In the previous version of the review, we excluded Schubiger 1997
from the analysis due to it being at high risk of bias for incomplete
outcome data, with incomplete outcome data of nearly 40% in the
intervention group, which exceeded our pre-specified 20% attrition
limit. However, in this update we have updated the methods and
re-assessed this study. We decided we would now include this
study in the analysis and examine the effect of high attrition by
conducting sensitivity analysis. However, there were insufficient
data for our pre-specified outcomes to be included in the analysis
due to unclear denominators for the four- and six-month time
points. We have contacted the authors for clarification of these
data.
Excluded studies
We excluded three studies from the review (Collins 2004; Feldens
2013; Howard 2003). One study (Collins 2004) compared the use of
bottles and pacifiers versus cup feeding in preterm breastfeeding
infants who wanted to breastfeed their infant. Howard 2003
compared the effect of early versus late pacifier use in term
infants on duration of breastfeeding. The intervention for the other
excluded study identified during this update, (Feldens 2013) was
home visits to advise mothers about breastfeeding and pacifier
use and the outcome was the risk of pacifier use. For further
information, see Characteristics of excluded studies.

Risk of bias in included studies
See Figure 1 for a 'Risk of bias' graph and Figure 2 for a 'Risk of bias'
summary.

Figure 1. Figure 1: 'Risk of bias' graph: review authors' judgements about each risk of bias item presented as
percentages across all included studies.
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Figure 2. 'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.

Allocation

Incomplete outcome data

Two included studies employed computerised central
randomisation (Jenik 2009; Kramer 2001). Both studies used
consecutively numbered, opaque sealed envelopes but in the
third trial (Schubiger 1997), the method of randomisation was not
described and we rated this trials as 'unclear'. All three studies were
at low risk of allocation concealment.

Overall, the dropout rate was less than 10% from both arms, i.e.
4.9% versus 4.5% in Jenik 2009, 9.3% versus 7.1% in Kramer 2001,
respectively. However, in Schubiger 1997, the total dropout rate
(lost to follow-up and protocol violations) was 22% versus 9.7%,
respectively. We judged this imbalance to be high risk of bias.

Blinding
Two studies reported blinding of research nurse and outcome
assessors (Jenik 2009; Kramer 2001). In both studies blinding of
the care-giver was not mentioned. It would not be feasible to
blind participants to the intervention. One study did not mention
whether there was any blinding (Schubiger 1997).

Selective reporting
We detected no selective reporting and all expected outcomes were
reported.
Other potential sources of bias
There were no other potential sources of bias identified for two
studies (Jenik 2009; Kramer 2001). We judged Schubiger 1997 to
be at high risk of bias in this domain because we had to impute
the figures for the primary outcomes from percentages and others
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from a graph. In addition, the exact denominators for the primary
outcomes are unclear.

Effects of interventions
See: Summary of findings for the main comparison Restriction
of pacifier use versus no restriction for increasing duration of
breastfeeding
Comparison: Restricted or no pacifier use versus unrestricted
pacifier use
Primary outcomes
We included two out of three RCTs enrolling 1302 healthy fullterm breastfeeding infants for meta-analysis (Jenik 2009; Kramer
2001). Both of the trials contributed to at least one of the
primary outcomes, i.e. proportion of infants partially or exclusively
breastfed at three and four months of age. Comparison between
restricted pacifier use (intervention) and unrestricted pacifier use
(control) revealed that there was no difference in the proportion of
infants exclusively breastfed at three months (risk ratio (RR) 1.01;
95% confidence interval (CI) 0.96 to 1.07, two studies, 1228 babies,
I2 = 0%, (Analysis 1.1)) and at four months of age (RR 1.01; 95%
CI 0.94 to 1.09, one study, 970 babies, moderate-quality evidence
(Analysis 1.3)). There was also no difference in the proportion of
infants partially breastfed at three months (RR 1.00; 95%; CI 0.98
to 1.02, two studies, 1228 babies, I2 = 0%, (Analysis 1.2)), or at four
months (RR 0.99; 95% CI 0.97 to 1.02, one study, 970 babies (Analysis
1.4)). Thus, restricted or no pacifier use in full-term breastfeeding
infants after birth or after the establishment of lactation did not
significantly affect the prevalence or duration of exclusive or partial
breastfeeding up to the age of four months.
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Our review suggests that, in highly-motivated mothers, pacifier
use was not associated with a reduction in the rate or duration
of exclusive or partial breastfeeding, regardless of whether the
pacifier was introduced before or after lactation was established.

Overall completeness and applicability of evidence
Mothers enrolled into these trials were highly motivated to
continue breastfeeding. Jenik 2009 used extremely restrictive
inclusion criteria resulting in inclusion of mothers who had
successfully established breastfeeding after two weeks, and
excluding those with problems that could interfere with
breastfeeding, while Kramer 2001 enrolled mothers after childbirth
before lactation was established. These differences in inclusion
criteria could partly explain the differences in breastfeeding rates
seen at the end of the intervention period. This difference i.e. 34% in
Kramer 2001 compared with more that 85% in Jenik 2009, suggests
that the effect of the intervention would be similar across a range
of breastfeeding rates. The findings of our review suggest that
pacifier use before or after breastfeeding is established does not
affect duration of breastfeeding when mothers are motivated to
breastfeed their infants. The finding of this review, however, may
not apply to mothers who are less motivated or who have no desire
to breastfeed their infants longer.
This review was unable to evaluate any of our pre-specified
secondary outcomes (the effect of pacifier use on breastfeeding
difficulties faced by the mothers, and the effect of pacifier on longterm infant health, e.g. dental malocclusion, otitis media, dental
caries and sudden infant death syndrome (SIDS)). Further trials are
needed to evaluate these effects.

DISCUSSION

The WHO 'Ten Steps To Successful Breastfeeding' are valuable
guidelines for hospitals. Some recommendations however are
based on observational studies. The use of pacifier is a common
practice in many populations and thus, without having a solid
scientific evidence of its impact on breastfeeding duration,
this recommendation should also incorporate evidence from
randomised controlled trials. It should be noted that our review
provides evidence on which to base recommendations for women
who are motivated to breastfeed. The WHO Ten Steps To Successful
Breastfeeding of necessity needs to make recommendations taking
into account all levels of motivation of women using a birthing
facility. The American Academy of Pediatrics task force on SIDS
recommends that parents might consider the use of a pacifier at
nap and bedtime after breastfeeding is firmly established (AAP
2011). Our evidence does not contradict this recommendation.

Summary of main results

Quality of the evidence

We identified three randomised controlled trials (RCTs) (involving
1915 babies) for inclusion in the review. We were only able
to include two multicentre RCTs in the analysis. These two
trials involved six tertiary hospitals from two different countries,
enrolling a total of 1302 women. Meta-analysis of the two trials
showed that pacifier use in healthy breastfeeding infants had no
significant effect on the proportion of infants exclusively breastfed
at three months, and at four months of age, and also had no effect
on the proportion of infants partially breastfed at three months and
at four months of age. All of these effect estimates are very close
to 1, the line of no effect, and the confidence intervals (CIs) are all
remarkably narrow suggesting true evidence of no effect.

Our primary outcome was the proportion of infants with partial
or exclusive breastfeeding at three, four or six months. Of these,
we judged the longer durations of breastfeeding to be more
important and although there were data from two included studies,
for the outcome exclusive breastfeeding at four to six months,
there was only one study. We therefore rated the quality of
evidence as moderate for this outcome. However we noted that
the primary outcome of duration of breastfeeding reported in
four ways (exclusive and partial breastfeeding at three and four
months), consistently showed evidence of no effect with extremely
narrow confidence intervals. We did not downgrade for the lack
of blinding of the intervention because in both studies there was
blinding of the outcome assessor. In addition, we judged duration

None of the included studies reported data on the other primary
outcomes, i.e. duration of partial or exclusive breastfeeding.
Secondary outcomes
Kramer 2001 reported that avoidance of pacifiers had no effect on
cry/fuss behavior at ages four, six, or nine months and had no effect
on the risk of weaning before age three months. However, the data
were incomplete for analysis. None of the included studies reported
data on breastfeeding difficulties (mastitis, cracked nipples, breast
engorgement); infant's health (dental malocclusion, otitis media,
oral candidiasis, sudden infant death syndrome (SIDS)); and
maternal satisfaction and level of confidence in parenting.
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of breastfeeding to be an objective outcome that would not be
influenced by the lack of blinding. We were unable to assess other
GRADE outcomes because they were not reported in the trials:
duration of full breastfeeding (months); breastfeeding difficulties
such as cracked nipples, breast engorgement, mastitis; infant otitis
media; infant dental malocclusion.

Potential biases in the review process
We were able to conduct an extensive search according to the
methods of Cochrane Pregnancy and Childbirth. Since pacifier use
is a non-pharmacological intervention we believe there is a low
risk of publication bias, although as noted in feedback previously
posted, there is evidence of industry involvement in one of our
included studies, (see Feedback). A potential bias of this review is
that we analysed only two (1302 participants) of our three included
studies involving 1915 participants. In an earlier version we prespecified we would not include studies in our analysis if there was
an attrition rate of 20% or higher because we considered such
studies to be an extreme risk of attrition bias. For this update
the criteria for attrition bias have been updated according to the
current recommendations for dealing with attrition (Higgins 2011).
An earlier version of this review aimed to assess the effect
of pacifier use compared with no pacifier use. After receiving
feedback (Feedback 1) on this version it became apparent that
our question would be better stated as it is currently, to assess
the effect of restricted pacifier use. This eliminated a potential
issue of contamination between the groups which was raised in the
feedback. This post hoc change could be regarded as a potential
bias of the review.

Agreements and disagreements with other studies or
reviews
The proposed mechanism for the relationship between reduced
breastfeeding and pacifier use is that when infants use pacifiers
they tend to suck on the breast less, and as a result the milk supply
is reduced, and subsequently fails. Our review contradicts the
finding of a meta-analysis of 31 cross-sectional and cohort studies
(Karabulut 2009) enrolling several thousand infants that reported
the use of pacifiers was associated with shortened duration of
exclusive and of any breastfeeding before six months of age
(RR 2.02; 95% CI 1.62 to 2.51 and RR 2.76; 95% CI 2.08 to 3.7,
respectively). However, the Karabulut 2009 review did not include

Cochrane Database of Systematic Reviews

any randomised controlled trials, including the two studies in this
review.

AUTHORS' CONCLUSIONS
Implications for practice
In motivated mothers, there is moderate-quality evidence that
pacifier use in healthy term breastfeeding infants before and
after lactation is established does not reduce the duration of
breastfeeding up to four months of age. However, there is
insufficient information on the potential harms of pacifiers on
infants and mothers. In the light of the current review, until further
information becomes available on the effects of pacifiers on the
infant, mothers who are well-motivated to breastfeed should be
encouraged to make a decision on the use of a pacifier based on
personal preference.

Implications for research
Further research is recommended to address the effect of pacifier
use on duration of breastfeeding that include less-motivated
women. We also recommend well-designed randomised controlled
trials to assess the rate of breastfeeding difficulties faced by
mothers associated with pacifier use and the long-term effect of
pacifier use on mother and infant health.
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Jenik 2009
Methods

A multicentre, non-inferiority, RCT. The randomisation was carried out centrally with consecutively
numbered, sealed, opaque envelopes containing random-generated numbers constructed by an independent statistician.

Participants

1021 mothers highly motivated to breastfeed their term newborns of birthweight 2500 g or more and
who regained weight by 15 days postpartum, were assigned to offer or not to offer pacifiers as part of
the advice given on how to comfort crying infants. Mothers with breast problems that could interfere
with breastfeeding were not included in the study. The study did not state whether twins were included.

Interventions

The group offered pacifiers (n = 528) received a package containing 6 silicone pacifiers and a written
guide for parents. They were also informed that other pacifiers could be use according to their preference.
The group that were not offered pacifier use (n = 493) received a guide with other alternatives for comforting a crying baby.
At the 3-month assessment, complete data for 499 mother-infants pairs in the group offered pacifiers
and 471 in the group not offered pacifiers were available for the main outcome analysis.

Outcomes

Primary outcomes: the prevalence of exclusive breastfeeding at 3 months.
Secondary outcomes: prevalence of exclusive and any breastfeeding at specified ages and duration of
any breastfeeding.

Notes

The study was carried out at 5 tertiary centres in Argentina. The author stated that the sponsor (International Children Medical Research Association, Switzerland) had no role in any part of the study. However, they acknowledge helpful advice from Peter Weiss, a consultant from a pacifier manufacturer
who may be the same Peter Weiss who is the vice president of the funding body.

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

It is reported that the randomisation was carried out centrally with random
generation conducted by an independent statistician.

Allocation concealment
(selection bias)

Low risk

Consecutively numbered, sealed opaque envelopes were used to conceal a
randomly-generated assignment. A series of 500 envelopes was given to research assistants at each participating hospital with instructions to open the
envelopes in numerical sequence and to assign the dyads to the corresponding group.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Not reported.

Blinding of outcome assessment (detection bias)
All outcomes

Low risk

Outcome assessors were 'blinded to the group assignment'.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

4.9% (26/528) participants in 'offer pacifier' group and 4.5% (22/493) in the
non-offer pacifier group were lost to follow-up due to various reasons.

Selective reporting (reporting bias)

Low risk

None detected.

Comment: participant binding is not feasible.
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(Continued)

Other bias

Low risk

None detected.

Kramer 2001
Methods

Double-blinded RCT.

Participants

A total of 281 healthy breastfeeding women who were motivated to breastfeed and their healthy term
singleton infants recruited in the immediate postpartum period prior to hospital discharge.

Interventions

Participants were randomly allocated to 1 of 2 counselling interventions provided by a research nurse
trained in lactation counselling. A basic breastfeeding promotion package was included in both the intervention and control groups.
The intervention group (n = 140) were "asked to avoid pacifiers when the infant cried or fussed" and
suggested alternative ways to provide comfort.
The control group (n = 141) "all options were discussed for calming an infant" including pacifier use.

Outcomes

Mothers were asked to complete a validated behaviour diary on 3 consecutive days, at 4, 6 and 9 weeks
of age. Study mothers were interviewed at 3 months.
Primary outcome measures: rate of early weaning at 3 months, 72-hour infant behaviour logs detailing
frequency and duration of crying and fussing and pacifier use at 4, 6, 9 weeks.

Notes

The trial was carried out from January 1998 to August 1999 on women giving birth at the Royal Victoria
Hospital, a McGill University-affiliatted maternity hospital in Montreal, Quebec.

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

"Randomisation within each stratum was accomplished using computer-generated random numbers in blocks of 4." "Women were stratified by parity and
if multiparous according to whether they had breastfed previously."

Allocation concealment
(selection bias)

Low risk

"The assigned allocation was contained in an opaque envelope opened by a
research nurse after the consent was obtained."

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Not reported.

Blinding of outcome assessment (detection bias)
All outcomes

Low risk

"Study mothers were interviewed at 3 months by a research assistant who was
blinded to the intervention status of the mother."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

8.2% (23/281) participants, i.e. 13/140 from pacifier-avoidance group, 10/141
from pacifier-advised group lost to follow-up and did not complete the trial.

Selective reporting (reporting bias)

Low risk

None detected.

Other bias

Low risk

None detected.

Comment: blinding of the participants is not feasible.
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Schubiger 1997
Methods

Multicentre prospective randomised trial (from 10 centres).

Participants

A total of 602 healthy full-term infants (> 37 weeks of gestation, birthweight 2750 g to 4200 g) of mothers who intended to stay in the hospital for 5 days postpartum and planned to breastfeed for more than
3 months. The study did not state whether twins were included.

Interventions

UNICEF group (n = 294): "bottles, teats and pacifiers were strictly forbidden"; "supplements if medically
indicated were administered by cup or spoon".
Standard group (n = 308): "pacifiers were offered to all infants without restriction. Supplements were
conventionally offered by bottle after breastfeeding".
In both groups, the fluid supplements during the first few days consisted of a 10% dextrin-maltose solution. Fluid supplements were considered to be medically indicated in the following situations: babies
agitated or screaming after breastfeeding; signs of dehydration (no urine output over 4 hours after day
1); symptoms of hypoglycaemia with blood glucose < 2 mmol/L. In the standard group fluids were more
liberally offered.
About 180 participants in the UNICEF group and 291 participants in the standard group completed the
protocol. Almost 40% of the participants in the UNICEF group violated protocol during the first 5 days
in the hospital.
Upon discharge from the hospital, it was left to the mothers of both groups to decide whether to use a
pacifier and/or bottle.

Outcomes

Incidence of breastfeeding at day 5, and at 2, 4, 6 months, proportion of fully or partially breastfeeding
on day 5, sucking behaviour (good, mediocre, insufficient), incidence of fever, incidence of phototherapy. Questionaires administered to mothers at 2, 4, and 6 months were used to collect breastfeeding
outcomes after hospital discharge.

Notes

Study conducted in Switzerland. Results were reported in 2 separate publications with slight differences in the presentation of results. This study however was not included for analysis due to high attrition bias (almost 40% loss of participants in the intervention group) due to protocol violation in the first
weeks of the study.

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

"Sealed protocol forms were centrally randomised."

Allocation concealment
(selection bias)

Low risk

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Randomising participants in the same room or ward rather than comparing
routines of one ward to another - not feasible to blind participants.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Blinding of clinician and outcome assessor is not described. However it is unlikely that they were blinded to the intervention.

Comment: The method of random sequence generation is not described.
"Sealed protocol forms were centrally randomised."
Comment: Allocation concealment incompletely described but likely to have
been present.
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Incomplete outcome data
(attrition bias)
All outcomes

High risk

The rate protocol violators is approximately 15% and 5.5% respectively and
the rate of lost to follow-up is 7.8% and 4.2%. Thus, the total dropout rate is
22% versus 9.7%, respectively after 70 protocol violaters due to pacifier use included into the analysis.
The other protocol violaters were due to bottle feeding, failure to spoon/cup
feed, early discharge and others.

Selective reporting (reporting bias)

Low risk

Protocol not available. All expected outcomes reported.

Other bias

High risk

Primary outcome data have to be imputed from percentages and exact denominators at 4 and 6 months follow-up are unclear.

RCT: randomised controlled trial

Characteristics of excluded studies [ordered by study ID]
Study

Reason for exclusion

Collins 2004

This RCT aimed to determine the effect of artificial teats and cup on breastfeeding in preterm infants and not term infants, our pre-specified inclusion criteria.

Feldens 2013

This was an RCT examining the effect of home visits for the purpose of giving breastfeeding advice
as well as advice about pacifier use. The control group treatment was not described. The primary
outcome was pacifier use.

Howard 2003

This RCT evaluated the effect of bottle feeding and pacifier use versus cup feeding and delayed
pacifier use in breastfeeding infants. Infants in both the intervention and the control group used
pacifiers and hence there is no comparison between pacifier use and non-pacifier use in breastfeeding infants. The study is excluded because the study population do not meet our inclusion criteria, as it included women who did not intend to breastfeed. Furthermore, the results for breastfeeding duration are presented as adjusted odds ratios and the primary data are not reported. Additionally, our review did not have an outcome 'breastfeeding at 5 weeks', as this is too short a duration to be clinically meaningful.

RCT: randomised controlled trial

DATA AND ANALYSES
Comparison 1. Restricted pacifier use versus unrestricted
Outcome or subgroup title

No. of
studies

No. of
participants

Statistical method

Effect size

1 Proportion of infants exclusively breastfed at 3
months

2

1228

Risk Ratio (M-H, Fixed, 95% CI)

1.01 [0.96, 1.07]

2 Proportion of infants partially breastfed at 3
months

2

1228

Risk Ratio (M-H, Fixed, 95% CI)

1.00 [0.98, 1.02]
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Outcome or subgroup title

No. of
studies

No. of
participants

Statistical method

Effect size

3 Proportion of infants exclusively breastfed at 4
months

1

970

Risk Ratio (M-H, Fixed, 95% CI)

1.01 [0.94, 1.09]

4 Proportion infants partially breastfed at 4
months

1

970

Risk Ratio (M-H, Fixed, 95% CI)

0.99 [0.97, 1.02]

Analysis 1.1. Comparison 1 Restricted pacifier use versus unrestricted,
Outcome 1 Proportion of infants exclusively breastfed at 3 months.
Study or subgroup

Jenik 2009
Kramer 2001

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

Weight

Risk Ratio
M-H, Fixed, 95% CI

406/471

428/499

90.56%

1[0.96,1.06]

46/127

44/131

9.44%

1.08[0.77,1.51]

598

630

100%

1.01[0.96,1.07]

Total (95% CI)

Total events: 452 (Restricted pacifier use), 472 (Unrestricted pacifier use)
Heterogeneity: Tau2=0; Chi2=0.21, df=1(P=0.65); I2=0%
Test for overall effect: Z=0.41(P=0.68)
Favours pacifier use

1

Favours restriction

Analysis 1.2. Comparison 1 Restricted pacifier use versus unrestricted,
Outcome 2 Proportion of infants partially breastfed at 3 months.
Study or subgroup

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

Weight

Risk Ratio
M-H, Fixed, 95% CI

Jenik 2009

468/471

494/499

82%

1[0.99,1.02]

Kramer 2001

103/127

107/131

18%

0.99[0.88,1.12]

598

630

100%

1[0.98,1.02]

Total (95% CI)

Total events: 571 (Restricted pacifier use), 601 (Unrestricted pacifier use)
Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%
Test for overall effect: Z=0.15(P=0.88)
Favours pacifier use

1

Favours restriction

Analysis 1.3. Comparison 1 Restricted pacifier use versus unrestricted,
Outcome 3 Proportion of infants exclusively breastfed at 4 months.
Study or subgroup

Jenik 2009

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

354/471

Weight

M-H, Fixed, 95% CI

371/499

Favours pacifier use

100%

1

Risk Ratio

1.01[0.94,1.09]

Favours restriction

Effect of restricted pacifier use in breastfeeding term infants for increasing duration of breastfeeding (Review)
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

20

Cochrane

Library

Trusted evidence.
Informed decisions.
Better health.

Study or subgroup

Cochrane Database of Systematic Reviews

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

Total (95% CI)

471

Weight

Risk Ratio
M-H, Fixed, 95% CI

499

100%

1.01[0.94,1.09]

Total events: 354 (Restricted pacifier use), 371 (Unrestricted pacifier use)
Heterogeneity: Not applicable
Test for overall effect: Z=0.29(P=0.77)
Favours pacifier use

1

Favours restriction

Analysis 1.4. Comparison 1 Restricted pacifier use versus unrestricted,
Outcome 4 Proportion infants partially breastfed at 4 months.
Study or subgroup

Jenik 2009

Total (95% CI)

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

Weight

Risk Ratio
M-H, Fixed, 95% CI

452/471

482/499

100%

0.99[0.97,1.02]

471

499

100%

0.99[0.97,1.02]

Total events: 452 (Restricted pacifier use), 482 (Unrestricted pacifier use)
Heterogeneity: Not applicable
Test for overall effect: Z=0.52(P=0.61)
Favours pacifier use

1

Favours restriction

FEEDBACK
Di Mario, 6 July 2011
Summary
Pacifier use and breastfeeding [1] is an issue that is highly relevant to health professionals and families, for example this topic was the
most accessed among Evidence Updates registrants (http://plus.mcmaster.ca/EvidenceUpdates) and it is relevant to one of the ten steps
to successful breastfeeding of the WHO-UNICEF Baby Friendly Hospital Initiative [2].
We believe that this Cochrane review, stating that pacifier does not reduce breastfeeding rates, is severely flawed and biased and therefore
should be promptly revised. Here below is our criticism in detail.
The analysis is based only on two randomized controlled trials (RCTs) [3,4]. Validity of the review authors conclusions is limited as they
have excluded from the review a third RCT which shows an association between pacifier use and breastfeeding discontinuation at four
weeks [5]. The reason for this exclusion is reported as being that both groups were exposed to pacifier. Actually, the intervention group
was exposed to pacifier soon after birth while the control group was advised to avoid pacifiers up to five weeks of life of the newborn.
Therefore, data comparing breastfeeding practice before five weeks of life could have been appropriately included in the review, or at least
commented on.
In addition, the two studies included in the review were not designed to answer the clinical question about the effect of pacifier use
for healthy full-term newborns whose mothers have initiated breastfeeding and intend to exclusively breastfeed, on the duration of
breastfeeding. These two trials assessed the effects on breastfeeding of interventions aimed at reducing the use of pacifiers; they did not
assess the effect of pacifiers on breastfeeding. Mothers in the pacifier group used it in 71% of cases, while mothers in not pacifier group
used it in 44% of cases (overall rates). Contamination between two treatment arms points to no difference or inconclusive results. Your
conclusions of a null effect of pacifier on breastfeeding success based only on two studies with high contamination rate are therefore falsely
reassuring.
Major problems of the studies included in the review are insufficiently discussed. The larger of the two included studies (1021 infants out
of a total of 1302) [3], has exclusion and inclusion criteria so strict that the population observed is extremely selected, limiting the external
validity of the conclusions, which is not even mentioned. For example, participating hospitals had established breastfeeding programs,
with early initiation of breastfeeding, lactation consultants, and unrestricted rooming-in. Mothers were encouraged to avoid pacifier use
until breastfeeding was well established. At term healthy infants, exclusively breastfeeding, whose mothers reported an intention to
breastfeed for at least three months, not using pacifiers and with lactation well established at the age of 2 weeks were included. Exclusion
Effect of restricted pacifier use in breastfeeding term infants for increasing duration of breastfeeding (Review)
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criteria were breast problems that could interfere with breastfeeding (persistently sore nipples, mastitis, earlier breast surgery, and severely
flat or inverted nipples). Mothers who communicated a preference in the introduction or not of a pacifier were also excluded. Further
evidence that this study assessed an extremely selected population of women is the remarkably high rate of exclusive breastfeeding at
three months for both groups (> 85%), much higher than the rate of exclusive breastfeeding at three months commonly seen in Europe
(e.g. 47% in Italy in 2008, and in Sweden ranging between 68% at four months and 79% at two months in 2002) [6,7]. Finally the authors
of the study powered the sample to perform an analysis based on intention to treat, but as the trial was non-inferiority, the ‘according to
protocol’ analysis would have been more appropriate [8]. Unfortunately, as the authors admit, the study sample was not sufficiently large
to adequately perform this analysis.
The second RCT included in the review also suggests that the null effect of pacifier on breastfeeding could be a false conclusion [4]. As there
was a high contamination rate, results are presented based on actual exposure (observational analysis) in addition to the analysis based
on randomized groups. This observational analysis showed a significant difference between pacifier users and not users for weaning by 3
months (RR: 1.9; 95%CI: 1.1, 3.3). Although observational studies are not reliable for assessing the association between pacifier use and
breastfeeding practice, due to residual confounding and reverse causality, we think that RCTs with low compliance and high contamination,
as in this study, cannot provide a valuable answer, especially when no differences among groups are detected. None of these issues were
adequately discussed in this Cochrane review.
Finally, we believe that a potentially very relevant conflict of interest in one of the trials included [3] was not mentioned: the authors of
the study report as a funding source an association (the International Children Medical Research Association) whose characteristics are
unclear, since it is not possible to find any information on it in the web. The only other citation of this association we have traced is a letter
by Dr Peter PW Weiss to Pediatrics [9] criticizing a paper that reported a relationship between reduced pacifier use and reduced acute
otitis media incidence. Is he maybe the same Peter Weiss, consultant for a manufacturer of pacifiers, that appears in the acknowledgment
section of the trial report [3]? A Dr Peter Weiss is also the vice-president (the president is unknown) of the International Children Medical
Research Society, which is, maybe, another name of the International Children Medical Research Association, created in Switzerland by a
company founded by the same manufacturers of pacifiers. Should this be made clear to the readers of the Cochrane review?
Our view is that these issues raise questions about the validity of the conclusions of this Cochrane review. Considering that Cochrane
reviews represent a seal of quality among health professionals and the public, we think that it is responsibility of the Cochrane
Collaboration to scrutinize the evidence selection, its critical appraisal and the validity of the conclusions, specially for a hot topic relevant
for public health, as is the case for breastfeeding.
Simona Di Mario1, Adriano Cattaneo2, Vittorio Basevi1, Nicola Magrini1
1 NHS CeVEAS, NHS Centre for the Evaluation of the Effectiveness of Health Care, WHO Collaborating Centre for Evidence-based Research

Synthesis and Guideline Development in Reproductive Health, Emilia-Romagna, V. le L. Muratori 201, Modena, Italy, 41100
2 Unit for Health Services Research and International Health, WHO Collaborating Centre for Mother and Child Health, Institute of Child
Health, IRCCS Burlo Garofolo, Trieste, Italy
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Reply
We thank De Mario et al for their comments, and have responded in the order they made their comments.
We disagree that our review is ‘severely flawed and biased’. The protocol and review have been prepared according to Cochrane methods.
The study by Howard et al is excluded because the study population do not meet our inclusion criteria, as it included women who did
not intend to breastfeed. Also, the results for breastfeeding duration are presented as adjusted odds ratios and the primary data are not
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reported. Finally, our review did not have an outcome ‘breastfeeding at five weeks, as this is too short a duration to be clinically meaningful.
Whilst preparing this response we noticed that the text in ‘types of participants’ was not as explicit as the text in our objectives. We have
therefore modified ‘types of participants’ so that it matches the objectives.
We agree our review is about the effect of recommending restricted pacifier use. For clarification we have modified the title of the review,
and the background text. This clarification also means that contamination between the two intervention groups is no longer an issue. In
addition, we disagree that contamination could have been the reason for the null effect. If the high baseline rate of pacifier use had any
diluting effect on the final pooled results it would be very small, as the relative risks were consistently close to 1.00 with extremely tight
confidence intervals. This is now clarified in the discussion.
Di Mario, Cattaneo, Basevi and Magrini wrote: Major problems of the studies included in the review are insufficiently discussed. The larger of
the two included studies (1021 infants out of a total of 1302) [3] has exclusion and inclusion criteria so strict that the population observed is
extremely selected, limiting the external validity of the conclusions, which is not even mentioned. For example, participating hospitals had
established breastfeeding programs, with early initiation of breastfeeding, lactation consultants, and unrestricted rooming-in. Mothers
were encouraged to avoid pacifier use until breastfeeding was well established. At term healthy infants, exclusively breastfeeding, whose
mothers reported an intention to breastfeed for at least three months, not using pacifiers and with lactation well established at the age
of two weeks were included. Exclusion criteria were breast problems that could interfere with breastfeeding (persistently sore nipples,
mastitis, earlier breast surgery, and severely flat or inverted nipples). Mothers who communicated a preference in the introduction or not
of a pacifier were also excluded. Further evidence that this study assessed an extremely selected population of women is the remarkably
high rate of exclusive breastfeeding at three months for both groups (> 85%), much higher than the rate of exclusive breastfeeding at three
months commonly seen in Europe (e.g. 47% in Italy in 2008, and in Sweden ranging between 68% at four months and 79% at two months
in 2002) [6,7]. Finally the authors of the study powered the sample to perform an analysis based on intention to treat, but as the trial was
non-inferiority, the ‘according to protocol’ analysis would have been more appropriate [8]. Unfortunately, as the authors admit, the study
sample was not sufficiently large to adequately perform this analysis.
The report of Jenik 2009 does state this was a non-inferiority trial. Whilst an ‘according to protocol analysis’ might have been appropriate
for this trial, that is not relevant for this review as we specified we would use intention-to-treat analysis, which complies with Cochrane
methods. We have included a paragraph in the discussion about external validity of the included trials.
We agree that the high contamination between intervention groups in Kramer 2001 may have had a diluting effect, and have included this
in the discussion.
Jenik 2009 states that the sponsors had no role in any part of the study. However, the report does acknowledge helpful advice from Peter
Weiss. We agree this may be the same Peter Weiss who is the vice president of the funding body, as well as a consultant for a pacifier
company. We have now included this information in the Table of ‘Characteristics of Included Studies’.
Contributors
Jacqueline J Ho, Sharifah Halimah Jaafar, Shayesteh Jahanfar

Paulussen, 21 March 2012
Summary
There is a mistake in this review. In the table of characteristics of included studies, Kramer 2001 is stated to have 140 women in the
intervention group (avoid pacifiers), and 141 women in the control group (use a pacifier). Under incomplete data it states data were
available for 127 women in the intervention group (avoid pacifiers) and 131 in the control group (use a pacifier). In the data analysis, data
for this study from the intervention and control group are switched. It should be 44/131 for the use pacifier group (not 46/127) and 46/127
for the avoid pacifier group (not 44/131). This means that the total and risk ratio are also incorrect.
[Feedback received from Valérie Paulussen, 7 February 2012]
Reply
We thank Valérie Paulussen for pointing out this mistake, which we have now corrected in this update. The correction does not alter or
change the finding and conclusion of the review.
Contributors
Sharifah Halimah Jaafar
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Date

Event

Description

30 June 2016

New search has been performed

Search updated 30 June 2016 and one new study was identified
and excluded. We updated and rearranged the Background under the standard headings. We have also rearranged the 'Risk of
bias' assessment under standard headings. This resulted in a decision to move one study previously in our qualitative analysis,
to our quantitative analysis. We selected outcomes for inclusion
in a 'Summary of findings' table and included the 'Summary of
findings' table in this updated version of the review. We rewrote
the Plain language summary in a structured format. We also corrected a typographical error in our feedback to Di Mario et al.

30 June 2016

New citation required but conclusions
have not changed

For this update we identified one new trial report, which we excluded (Feldens 2013).

HISTORY
Protocol first published: Issue 3, 2008
Review first published: Issue 3, 2011

Date

Event

Description

1 May 2012

New citation required but conclusions
have not changed

Review updated and title changed from "Pacifier use versus no
pacifier use in breastfeeding term infants for increasing duration
of breastfeeding" to "Effect of restricted pacifier use on breastfeeding duration", as detailed in the authors' response to feedback - see Feedback 1.

1 May 2012

Feedback has been incorporated

Authors' response to feedback from Di Mario added (see Feedback 1); and feedback from Paulussen and authors' response
added (see Feedback 2).

14 March 2012

New search has been performed

Search updated. No new trial reports identified.

22 December 2011

Feedback has been incorporated

Comments from Simona Di Mario, Adriano Cattaneo, Vittorio Basevi and Nicola Magrini added - see Feedback.

CONTRIBUTIONS OF AUTHORS
Sharifah Halimah is the main author and guarantor for the review. She wrote the first draft of the protocol; provided a clinical and policy
perspective as well as providing general advice on the development of the protocol. For the review she assessed studies for inclusion,
assessed trial quality and extracted and analysed the data, and wrote the review. For this update she rewrote the background and updated
other sections of the review.
Jacqueline Ho provided general comments and advice from the protocol development to the completion of the review and provided
extensive input for this update. She assessed trial quality where disagreement arose in the decision to include or exclude trials. She revised
the Plain language summary for the update and prepared the 'Summary of findings' table.
Shayesteh Jahanfar provided input into the protocol development as well as the review. She independently assessed the quality of the
trials, extracted and analysed the data. She also wrote the Plain language summary of the review. She critically evaluated the update and
made recommendations.
Mubashir Angolkar provided general comment, proof read the draft of the protocol as well as the review.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
The methods have been updated to reflect the latest Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011) and the
Cochrane Pregnancy and Childbirth Group's methodological guidelines. We are no longer excluding studies from analysis based on high
attrition rates, but are instead planning on conducting sensitivity analysis to explore the effects of high attrition.
In this update, it has been clarified that the intervention is "restricted pacifier use" and the control is "unrestricted pacifier use".
The title has been changed from "Pacifier use versus no pacifier use in breastfeeding term infants for increasing duration of breastfeeding"
to "Effect of restricted pacifier use on breastfeeding duration", as detailed in the authors' response to feedback - see Feedback 1.
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Medical Subject Headings (MeSH)
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Prevalence of Tobacco Consumption and Its Contributing Factors
among Students of a Private Medical College in Belgaum: A Cross
Sectional Study
Patel Jay1, Mubashir Angolkar1, Shruti Murthy1, Maheswar D Mallapur2
ABSTRACT
BACKGROUND: Tobacco consumption epidemic is one of the biggest public health threats that the
world is facing and attracts the attention of researchers to identify the cause for the same in specific
groups. Medical students act as mentors to fight against tobacco use, but several reports suggest that a
good number of medical undergraduates are themselves addicted to tobacco use. Thus, the objective of
the study was to determine the prevalence of tobacco consumption and its association with various
factors among undergraduate medical students.
MATERIALS AND METHODS: A cross-sectional study was conducted on 372 undergraduate medical
students from first to fourth year during November 2013 to January 2015. A pre-designed, pre-tested,
structured and self-administered questionnaire was used. Statistical analysis was done using SPSS
software version 16. Data was analyzed for percentage, Chi-square test and regression analysis to find
association between tobacco use and various independent variables.
RESULT: The mean age of the participants was 21.2 (SD=2.28) years with a male-female ratio of 1.92:1.
The prevalence of tobacco use was 27.1% (n=101). The overall prevalence of smoking and smokeless
tobacco use was 22.6% (n=84) and 7.8% (n=29) respectively. The prevalence of current tobacco use was
24.2% (n=90). Among the ever tobacco users, about 3% (n=11) had quit using tobacco. Tobacco
consumption was observed to be significantly associated with male gender (p<.001), increasing age
(p<0.01), residing in hostels (p<.001) and with a parental history of using tobacco (p<.001).
CONCLUSION: The prevalence of tobacco use in smoking and smokeless form among undergraduate
medical students was high.This has important implications in the strict implementation and monitoring
of smoking-related rules in hostels of medical colleges, especially those related to peer-support.
KEYWORDS: Tobacco, Smoking, Medical students
DOI: http://dx.doi.org/10.4314/ejhs.v26i3.3
INTRODUCTION
The tobacco epidemic is one of the biggest public
health threats the world is facing today. It kills
nearly 6 million people a year. This figure is
expected to increase to 10 million deaths per year
by 2020, with 7 million of these deaths to occur in
China and India (1).
In India, tobacco kills 0.8-1 million people
each year and many of these deaths will occur in
people who are very young. It has been estimated

1

that an average of five-and-a-half minutes of life is
lost for each cigarette smoked (2).
Karnataka shows a prevalence of 28.2% of
tobacco consumption. Among users, 12% use
tobacco in the form of cigarettes while 19% use it
in smokeless tobacco form (3). A sentinel survey
in Karnataka reports about 50% of males and 16%
of females in rural areas and 32.7% of males and
8.5% of females in urban areas to be tobacco
users. In both urban and rural areas, about twothirds of male users smoke, while most female
users chew tobacco (4).
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As future physicians, medical students will be
advocates of ‘Tobacco Control Programs’; so they
should be trained to combat a social evil such as
this. Hence, this study focused on the prevalence
of tobacco consumption among medical students.
The primary objective of the study is to determine
the prevalence of tobacco consumption among
undergraduate medical students of Jawaharlal
Nehru Medical College (JNMC), Belagavi, and to
assess the association between tobacco
consumption,
socio-demographical
factors,
tobacco contacts and reasons for tobacco
consumption.
MATERIALS AND METHODS
This study was undertaken among undergraduate
medical students from first to fourth year in a
medical college at Belagavi in North Karnataka in
the year 2014. The sampling frame consisted of
800 medical students (200 in each undergraduate
year). By taking the prevalence of tobacco
consumption among medical students as 18% (6),
relative error of 4, the sample size was calculated
using the formula 4pq/d2. Thus, the sample size
required was 369. A total of 372 were taken such
that there equal number of participants from each
of the undergraduate phases. All the 800
undergraduate medical students were numbered
and the required sample was selected by simple
random sampling method. Equal numbers of
participants (93) were selected from each of the
four undergraduate years. A pre-designed, pretested, structured and self -administered
questionnaire was used to collect data on sociodemographics (age, gender, parents' education,
current residence, occupation, and income),
personal history, tobacco consumption, tobacco
use among peers and time spend with them, past
history of tobacco use, reasons for initiation and
cessation of tobacco use, parent history of tobacco
consumption, source of information for tobacco
use and hazards, and awareness of smokingrelated laws. Study participants were asked
regarding their habits and duration of using
smokeless tobacco like chewing tobacco, snuff
inhalation, chewing guthkha etc. and were
classified as (a) non-user: a person who had never
used smokeless tobacco, (b) ever user: a person
who was using smokeless tobacco in his/her life
time before one year and is not using it at present
and (c) current user: a person who is using
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smokeless tobacco at present. Participants who
used tobacco in smoking form were classified as
a) non-smoker: a person who has never smoked
tobacco
or
smoked
<100
cigarettes/beedies/hookahs in his/her life time, (b)
ever-smoker: a person who had smoked > 100
cigarettes/beedies/hookahs in his/her life time
before one year and is not smoking since last one
year and (c) current smoker: a person who has
smoked >=100 cigarettes/beedies/hookahs and is
currently smoking every day (5).
Ethical clearance was obtained from JNMC
Institutional Ethics Committee on Human Subject
Research, and written informed consent was
obtained from the study participants. All
participants were given a unique identification
code to maintain confidentiality. Data was entered
into Microsoft Excel 2007 and analyzed using
SPSS software v.16. Quantitative variables were
summarized using mean and standard deviation
and qualitative variables in percentages.
Association between dependant and independent
variables were done using Chi-Square test and
regression analysis. A p-value less than .05 was
considered as significant.
RESULTS
All the 372 participants completely filled out the
questionnaire. The mean age of the participants
was 21.18 (SD= 2.28) years. The mean ages of
female and male participants were 21.4 (SD= 2.32
years) and 21.06 (SD= 2.25) years respectively.
Minimum and maximum ages of the study
participants were 18 years and 25 years
respectively. One-third of the participants (n=115,
30.9%) were in the age group of 19-20 years.
Males formed the relative majority (n= 245,
65.9%) between both the genders. The majority of
the parents were graduates (n= 240, 64.5%). More
than half of the participants (n=211, 56.7%) were
residing in hostels at the time of the interview.
The overall prevalence of tobacco use was
27.1% (n=101). The prevalence of current tobacco
use was 24.2% (n=90). The overall prevalence of
smoking and smokeless tobacco use was 22.6%
(n=84) and 7.8% (n=29) respectively. The
majority of the tobacco users were males (n=85,
94.4%), aged between 23-24 years (n=27; 7.2%),
residing in hostels (n=70; 77.8%), had peers who
used tobacco (n=90; 24.2%) and negative parental
tobacco use history (n=41; 45.6%). The majority
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of the parents of tobacco users were graduates
(n=240; 64.5%). There was a significant
association between tobacco consumption and
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variables like age, sex, parental history and source
of residence of participants (Table 1).

Table 1: Socio-Demographic Characteristics of the Study Participants (N=372)
Variables

Total
No (%)

Current Tobacco use
p-value
Yes (N=90) No (N=248)

≤ 18
19-20
21-22
23-24
≥ 25
Gender
Male
Female
Religion
Hindu
Muslim
Christian
Educational Status of Father High school
Graduate
Post graduate
Educational Status of Mother High school
Graduate
Post graduate
Occupation of Father
Govt. Employee

52 (14.0)
115(30.9)
90 (24.2)
81 (21.8)
34 (9.1)
245(65.9)
127(34.1)
254(68.3)
27 (7.3)
91 (24.5)
13 (3.5)
240(64.5)
119(32.0)
56 (15.1)
240(64.5)
76 (20.4)
53 (14.2)

6 (11.5)
21 (18.3)
24 (26.7)
27 (33.3)
12 (35.3)
85 (34.7)
5 (3.9)
59 (23.2)
6 (22.2)
25 (27.5)
3 (23.1)
60 (25)
27 (22.7)
16 (28.6)
56 (23.3)
18 (23.7)
16 (30.2)

46 (88.5)
94 (81.7)
66 (73.3)
54 (66.7)
22 (64.7)
160 (65.3)
122 (96.1)
195 (76.8)
21 (77.8)
66 (72.5)
10 (76.9)
180 (75)
92 (77.3)
40 (71.4)
184 (76.7)
58 (76.3)
37 (69.8)

117(31.5)
191(51.3)
11 (3)
89 (23.9)
260(69.9)
23 (6.2)
211(56.7)
161(43.3)

31 (26.5)
41 (21.5)
2 (11.2)
24 (27)
60 (23.1)
6 (26)
70 (33.2)
20 (12.4)

86 (73.5)
150 (78.5)
9 (88.8)
65 (73)
200 (76.9)
17 (74)
141 (66.8)
141 (87.6)

323(86.8)
49 (13.2)
82 (22)
290 (78)

90 (27.9)
0
41 (50)
49 (16.9)

233 (72.1)
49 (100)
41 (50)
241 (83.1)

Age (years)

Socio-economic Status

Source of Residence
(n=372)
Peers Smoking
(n=372)
Parental History (n=372)

Businessman
Private
Farmer
Class I
Class II
Class III
Hostelites
Day Scholar

Yes
No
Yes
No
†
†
*, Significant * p<0.05 p<0.001

Among the current tobacco users, 84% (n=76)
were smokers while 10% (n=9) used both tobacco
forms. Eighty-seven percent (n=323) of the
participants’ peers were smokers, and most of the
participants (n=233; 87%) spent a mean duration

0.011*

<0.001†
0.698

0.887

0.707

0.50

0.743
<0.001†
<0.0001†
<0.001†

of 4.2 (SD= 1.84) minutes/day with such peers.
Among smokers, cigarette was most commonly
used product (76; 84.4%) followed by hookah (31;
34.4%) and beedi (10; 11.1%). (Table 2).
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Table 2: Tobacco Use Characteristics among Current and Former Tobacco Users
Variable
Ever Users (n=101; 27.1%)
Current Users (n=90; 24.1%)
Former Users (n=11; 0.3%)
Current Users
Number used/ day
Participant’s age of initiation
Duration of use (years)
Former Users
Number used/ day
Age of initiation (in years)
Duration of use (in years)
*number of participants

Smoking n* (%)
84 (83.2%)
76 (84.4%)
8 (72.7%)
Mean (SD)
12.63 (4.39)
17.91 (1.67)
4.18 (1.838)
Mean (SD)
5.4 (2)
18.1 (1.8)
2 (0.8)

As shown in Table 3, the most common reason for
tobacco use initiation among smokers was relief of
stress (n=84, 84%) followed by peer influence
(n=60, 60%). Out of 11 participants who
successfully quit tobacco use, parents’ objection
(n=8, 72.7%) was the common reason reported for
the cessation. All the participants were aware of

Smokeless n* (%)
29 (28.8%)
23 (25.6%)
6 (54.5%)
Mean (SD)
8.72 (2.986)
19.11 (2.05)
3.0 (1.283)
Mean (SD)
4.3 (0.6)
18.7 (3)
1.7 (0.6)

the hazards of tobacco consumption. The most
common information source was the media
(88.2%) followed by peers (59.4%). The majority
of the participants (n=332, 89.2%) were aware of
the presence of laws prohibiting smoking in public
places (Figure 1).

Table 3: Reason for Initiation and Cessation of Tobacco use among Study Participants
Variables
Reason for Initiation†
(Both)
(n=100)

Reason for Cessation†
(n=11)

Peers Influence
Parents Influence
TV/Movies Influence
Status Symbol
Imitation
Relief of Stress
Family Problem
Don’t Know
Parents Objection
Health Problem
Awareness of Hazards
Don’t Know

No* (%)
60 (60)
13 (13)
20 (20)
14 (14)
36 (36)
84 (84)
8 (8)
18 (18)
8 (72.7)
3 (27.2)
5 (45.4)
3 (27.2)

*number of participants, Multiple Responses
The multiple logistic regression model between
tobacco consumption and various independent
factors (age, sex, parents’ history of consuming
tobacco and source of residence) showed that ages

of 23 years and above (p<.001), males (p<.001)
residing in hostels (p<.001) and parent history of
tobacco use (p<.001) were significant (Table 4).
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Table 4: Multiple Logistic Regression for Tobacco Consumption and its Contributing Factors.
Risk Factors

Adjusted Odds Ratio 95% Confidence Interval p value
19-20
21-22
23-24
>25

Age (years)

0.98
2.11
4.98
6.36

Sex (M/F)
19.04
Parent’s History
4.86
Residence
0.15
(Day scholar/Hostelites)
‡,†

Significant

‡

p<0.01

†

0.32-2.98
0.68-6.48
1.60-15.49
1.62-24.94

0.985
0.194
<0.01‡
<0.01‡

6.86-52.79
2.52-9.37
0.07-0.30

<0.001†
<0.001†
<0.001†

p<0.001

Figure 1: Source of Information on Hazards of Tobacco Use
DISCUSSION
The prevalence of tobacco use was 27% in this
study. Among the study participants, the
prevalence of current tobacco use was 24% of
which 84% smoked tobacco while 25% chewed
tobacco. Six percent of the participants were
current users of smokeless tobacco. Twenty-three
percent of the participants were ever smokers and
20% were current smokers.
In this study, 91% of the participants
belonged to 18-24 years of age. Similar participant
ages were reported from studies conducted to
assess tobacco use among medical students in
Kolkata, where 96% of students were between of
19-24 years of age (6), and Allahabad having 85%
of students aged between 18-24 years (7). In our
study, overall 66% were male participants.

Similarly, the study conducted in Allahabad (7)
reported 67% of the participants being males.
This study observed that 20% of the medical
students used tobacco in the form of smoking,
while 6% of them used it in smokeless form. Our
findings for smoking were higher compared to
studies among medical students conducted in 6
developing countries (Ever smokers: 21%; Current
Smokers: 14%) (8) and in Kolkata (15%) (6). The
prevalence of smokeless tobacco use was slightly
higher (7%) in the study in Kolkata (6) compared
to our study. These differences could be attributed
to the varying definitions used in both the studies
(8, 6). In our study, 3% were past tobacco users
which is similar to the study conducted in
Lucknow (8) showing 4% of ever users who had
left current tobacco consumption. This finding
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shows the role of age as an important contributing
factor for the initiation of tobacco consumption at
an early stage. Thus, strict monitoring and
implication of tobacco prohibition rules should be
carried out in hostel and education centers (9).
About 7.2% of the tobacco use was found
among age group of 23-24 years in our study.
These findings were lower as compared to the
cross sectional study conducted in Manglore
which reported 6.35% of tobacco users were in
age group of 22-23 years (10).
About 35% of male and 4% of the female
participants in our study were using tobacco.
These findings were much higher compared to a
multicentre study in developing countries which
reported 20% and 2% tobacco use rates among
Indian medical students. Evidence suggests that
male medical students have significantly higher
tobacco use rates than female students in all
developing countries due to conservative nature of
and offence taken by societies towards female
smoking (8). However, medical students in
Lucknow (11) reported a prevalence of 25% and
11% in smoking and smokeless forms
respectively. Thus, strict tobacco cessation
program should be more targeted among both
genders (9).
In a study conducted in West Bengal (12), it
was observed that 38% of the students have a
familial history of smoking. This proportion was
higher compared to that found in our study. A
study conducted in Andhra Pradesh (13) shows
that 38% of the participants has a positive history
of parents’ consumption of tobacco in the form of
smoking. This shows the important role that
family history plays in initiation of tobacco
consumption, which should be considered during
designing tobacco cessation programmes (9).
In this study, 57% of the study participants
were hostelites which is almost similar to the
study done in New Delhi (14) revealing that 68%
of students were hostelites. Another study
conducted in Central India (15) shows that 87% of
students were hostelites during the study period.
These findings reveal influence of environment on
the tobacco consumption among medical students
which should be targeted and intervened properly
(9).
In this study, almost 90% of the medical
students were aware that smoking at public places
is prohibited by laws. This is similar to a study
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conducted in Coastal South India (10) where 89%
of students were aware of the prohibition of
smoking at public places.
In this study, multiple logistic regression model
shows significant result between tobacco
consumption among medical students and
different contributing factors like age, sex,
parents’ history of consuming tobacco and source
of residence.
In this study, 73% of the students stated
parents’ objection as the common reason for
quitting tobacco followed by awareness of hazards
(45%). Less than one-third of the participants quit
tobacco because of health problems. A study
conducted in Coastal South India (8) found more
than two-thirds of medical students willing to quit
tobacco because of knowing the ill-effects of
tobacco consumption. This finding shows the role
of health education in cessation of tobacco
consumption which should be more focused on
(9).
In present study, 84% of students started
tobacco consumption for the stress relief followed
by peer’s influence (60%). Study conducted in
Kolkata (6) shows curiosity (44%) as common
reason for initiation of tobacco consumption
followed by Peer pressure (29%) among medical
students. Study conducted in Andhra Pradesh (13)
shows 68% of peer’s influence among the
participants who were consuming tobacco in form
of smoking. Thus stress reduction, peer education
program and intervening influencing factors
should be targeted (9).
The study had some weaknesses. This was a
cross-sectional study conducted in one medical
college
which
could
potentially
affect
generalizability of the results. However, we
assume this may not be a concern as our
participant characteristics and findings are similar
to other studies performed among medical
undergraduates. There were more males compared
to females, and hence, differentials in tobacco use
and odds ratio should be interpreted with caution.
Although we collected data on socio-economic
status, which is an important factor (8), we could
not use it because more than 40% participants did
not know about their family earnings. A multi-site
longitudinal study is warranted to confirm the
reliability of the findings of potential factors
associated with tobacco use including the
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dynamics of tobacco use through the phases of
medical education.
Finally, the study concludes that the
prevalence of tobacco use was found among onethird of medical students. The majority of them
were males, smoked tobacco, resided in hostels,
spent time with peers who were tobacco users and
had a positive parental history of tobacco use. This
finding may have important implications in the
strict implementation and monitoring of smokingrelated rules in hostels of medical colleges. Such
strategies should be targeted towards students,
including their peers, at the final phases (3rd and
4th years) of Bachelor of Medicine and Bachelor of
Surgery (MBBS). Stress, unfortunately, has
become an inevitable side effect among medical
students today. Student counselling and tobacco
alternatives for hard-to-quit tobacco users should
be explored in addition to penalties for such users.
Awareness of hazards is one of the key prevention
strategies of tobacco use among medical students.
The impact of health education, mass
communication, Information, Education and
Communication (IEC) activities along with strict
legislative actions should be employed in
intervention studies among medical students from
the time of joining the medical course. Finally, the
role of parents in their children's tobacco habits
should be identified and acknowledged so that
IEC efforts targeted towards them can definitely
impact the behavior of the latter.
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Introduction: Pregnancy related increased preload alters the diastolic
properties of the left ventricle which have negative effects on maternal
health. Scarcity of data exist on the diastolic properties of left ventricle
in pregnancy induced hypertension.
Objectives: To evaluate the Left ventricular diastolic dysfunction in
pregnancy induced hypertension and its comparison with normotensive
pregnant females using standard 2D echocardiography and Doppler
studies.
Methods: This is a prospective study done in Department of
Cardiology, KLES Dr Prabhakar Kore Hospital,Belagavi,India.
The study population consisted of 100 hypertensive(H) and 100
normotensive(N) pregnant females which were evaluated by 2D
Echocardiography and Doppler parameters for diastolic dysfunction of
Left ventricle.
Diastolic parameters studied were mitral valve E wave, A wave, E/A
ratio, isovolumetric relaxation time (IVRT), E deceleration time,
Deceleration slope, pulmonary vein systolic (PVs), diastolic (PVd)
and its ratio, E wave velocity time integral, A wave velocity time
integral and tissue Doppler study of the mitral valve annulus.
Results :Majority of the women in group N(94%) had normal diastolic
function that is grade 0,compared to group H(56%).
This difference was statistically significant (p < 0.001).
Most significantly associated characteristics with diastolic dysfunction
included MV: E/E’ (p = 0.004), IVRT (p < 0.001), Deceleration Slope
(p < 0.001),PVa(<0.001) and PVs(0.015).
Mean grade of diastolic dysfunction in hypertensives was significantly
high compared to normotensives (p<0.001).
Conclusions: This study concludes that there is significant incidence of
diastolic dysfunction in pregnancy induced hypertension as compared
to normotensive Asian Indian females.
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LV inflow E/E`, Deceleration slope, IVRT and Pulmonary vein flow
velocities are most significant echocardiographic characteristic
associated with diastolic dysfunction in pregnancy induced
hypertension.
Copy Right, IJAR, 2017,. All rights reserved.

……………………………………………………………………………………………………....
Introduction:Pregnancy introduces a plethora of hemodynamic challenges to the maternal cardiovascular system which is further
intensified in pregnancy induced hypertension.Pregnancy induced hypertension includes gestational hypertension,
pre-eclampsia, and eclampsia. It is associated with increased maternal morbidity and mortality. The incidence of
hypertensive disorders ranges from 2-8% of all pregnancies and contributes to 9% of maternal mortality in Asia and
12% in India.1,2
Pre-eclampsia involves multiple systems in mother and can lead to fetal mortality and morbidity secondary to
uteroplacental insufficiency.3
Gestational hypertension is diagnosed when the BP exceeds 140/90 in the absence of proteinuria or pathologic
edema in a previously normotensive female at or after 20 weeks of gestation.Pre-eclampsia is considered severe
when proteinuria exceeds 4gm/24 hours, blood pressure is or more than 160/110 and/or severe headache, visual
disturbances or epigastric pain is noted. Eclampsia is the development of generalized seizures in a patient of preeclampsia.1The incidence in primigravidae is about 10% and in multigravidae about 5%.4
Pregnancy induced hypertension increases cardiopulmonary morbidity and has a higher prevalence of myocardial
contraction band necrosis at autopsy suggesting that pre-eclampsia may be associated with potentially significant
myocardial damage.5
During normal hemodynamic adaptations there is some degree of diastolic dysfunction even in normotensive
pregnancy which gets further exaggerated in pre-eclampsia leading to increased cardiovascular morbidity and
mortality.6,7,8Normal diastolic function allows adequate filling of ventricles during rest and exercise without an
abnormal increase in filling pressures. Initial diastolic dysfunction is impaired relaxation and with further
progression of disease, there is mild to moderate increase in left atrial pressure and the mitral inflow velocity pattern
appears similar to a normal filling pattern (pseudo normalization). However with further progression of the disease,
the pattern becomes restrictive and finally irreversible. Doppler echocardiography is an excellent and routinely used
non-invasive tool to assess the diastolic function of the heart.
This study is designed to find out the prevalence of diastolic dysfunction in pregnancy induced hypertension as
compared to normotensive pregnant women by 2D Echocardiography and Doppler indices.

Methods:A case control study was performed between January 2015 and January 2016 in the Department of Cardiology,
KLEs Dr Prabhakar Kore Hospital and Medical Research Centre, Belagavi. 100 singleton pregnant women with
gestational hypertension,were enrolled for the study during the third trimester of pregnancy and were matched with
100 controls.Gestational hypertension was diagnosed according to Davey and MacGillivray.9For each patient with
gestational hypertension,a normotensive woman was matched. Approval of the University Ethics Committee was
obtained, and written informed consent was collected from all patients.
Exclusion criteria included the following: undetermined gestational age, history of heart disease, undetermined
development of hypertension, previously on antihypertensive treatment, and comorbidities namely diabetes, renal
failure, anaemia and not in sinus rhythm. Blood pressure was measured from right arm in supine position.
Echocardiographic evaluation:2D Echo and Doppler data were obtained in patients in left lateral position with a 2.0 to 80MHz transducer
interfaced with a commercially available echocardiographic machine (Phillips IE33).Hypertensive patients were
studied prior to initiation of treatment.Severity and grading of diastolic dysfunction was done by calculating Doppler
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indices namely transmitral and pulmonary venous flow patterns recorded in the apical 4-chamber view.
Mitral flow velocities were detected by placing the sample volume between the tips of the mitral leaflets.
The following variables were measured:
1. Peak flow velocity in early diastole (E wave) and during atrial contraction (A wave);
2. Peak E/A ratio;
3. E- and A-wave time velocity integrals (E-VTI, A-VTI);
4. Deceleration time of the E wave (DT); and
5. Left ventricular isovolumetric relaxation time (IVRT).
6. Pulmonary venous flow velocities namely during ventricular systole (PVs) and its time-velocity integral (PVsVTI); peak pulmonary venous flow velocity during ventricular diastole (PVd) and its time-velocity integral
(PVd-VTI);peak pulmonary venous flow velocity at atrial contraction (PVa) and its time-velocity integral (PVaVTI); and the duration of the PVa (dPVa).

Statistical Analysis:Data was analysed using SPSS statistical software version 20.0 The categorical data was expressed as rates, ratios
and proportions and comparison was done using either Chi-square test or Fisher’s exact test. The continuous data
was expressed as mean ± standard deviation (SD) and comparison was done using independent sample ‘t’ test. A
probability value (‘p’ value) of less than or equal to 0.05 was considered as statistically significant. Observer bias
was avoided by taking in measurements by 2 different observers from random selected patient data recordings.

Results:The present study included a total of 200 pregnant women that is, 100 women with hypertension (Group H) and 100
women with normal pregnancy (Group N).The comparison of patient and echocardiographic characteristics of the
study population is tabulated in Table 1.
Table 1:- Patient and Echocardiographic characteristics of the study population
Characteristics
Group N (n=100)
Group (n=100)
Mean
SD
Mean
SD
Age
23.06
2.92
23.48
2.38
Gestational age (weeks)
35.80
0.57
35.78
0.51
MV:E
5.60
1.80
8.11
9.05
MV: A
57.70
25.04
56.75
27.93
MV: E/A
1.25
1.48
1.39
1.58
MV:E’
7.23
3.01
8.53
4.55
MV:A'
9.99
5.53
9.36
3.27
MV:E/E'
33.41
54.32
10.02
25.29
IVRT
144.02
20.15
119.96
31.91
DT
130.88
29.04
173.24
152.68
DS
294.73
166.10
487.92
208.62
PVs
43.30
13.38
50.24
14.52
PVd
43.98
12.45
46.64
13.85
PVa
31.58
8.00
40.52
11.31
PVs/PVd
1.12
0.43
1.16
0.38
Systolic Blood Pressure
121.88
5.51
140.16
12.47
Diastole Blood Pressure
79.70
9.40
86.00
7.44

p value
0.032
0.044
0.060
0.858
0.643
0.096
0.491
0.004
<0.001
0.059
<0.001
0.015
0.315
<0.001
0.591
<0.001
<0.001

It was observed that, the mean maternal age and gestational age were comparable in both the groups (p
<0.05).Systolic (p < 0.001) and diastolic (p < 0.001) blood pressure was significantly high in group H compared to
group N. Amongst all the Doppler characteristics MV: E/E’ (p = 0.004), IVRT (p < 0.001), DS (p < 0.001), PVs (p =
0.015) and PVa (p < 0.001)were significantly higher in Group H when compared to Group N.
On the basis of the above mentioned Doppler characteristics the grade of diastolic dysfunction was evaluated.In the
present study majority of the women in group N had normal diastolic function that is grade 0 in 94% compared to
56% in group H. This difference was statistically highly significant (p<0.001).(Table 2)
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Table 2:- Distribution of the study population according to Grade of diastolic dysfunction
Grade of Diastolic Group N (n=100)
Group H (n=100)
x2
dysfunction
No.
%
No.
%
0
94
94.00
56
56.00
19.379
1
6
6.00
40
40.00
2
0
0.00
4
4.00
Total
100
100.00
100
100.00

p value
<0.001

Discussion:Pregnancy induced hypertension is characterized by progressive hypertension during gestation and may be
associated with pathological edema and proteinuria. It complicates 2-8% of pregnancies.1,2
Pregnancy induced hypertension has a placental pathogenesis with acute onset of cardiovascular manifestations
secondary to generalized endothelial dysfunction and vasospasm resulting in hypertension and multi-organ
hypoperfusion. The major scientific societies provide different criteria for the diagnosis of pregnancy induced
hypertension. Common to all is new-onset hypertension (≥140 mm Hg systolic blood pressure [SBP] or ≥90 mm Hg
diastolic blood pressure [DBP]) arising after 20 weeks of gestation and complete resolution within 12 weeks
postpartum. The term pre-eclampsia and eclampsia indicates presence of proteinuria and generalized tonic clonic
seizures associated with hypertension respectively. It is one of the leading causes of maternal morbidity and
mortality worldwide, and delay in the treatment of severe hypertension and diagnosis of pre-eclampsia
complications contribute significantly to maternal mortality. 5Multiple exceptional and exclusive changes in cardiac
structure and function have been described in pre-eclampsia, suggesting that these women display abnormal cardiac
adaptation to pregnancy and hence towards long-term postpartum cardiovascular disease (CVD). The development
of pre-eclampsia and eclampsia is now considered a risk factor for long-term CVD.5
The data on changes in diastolic function in pregnancy induced hypertension is limited and studies have reported
varying levels of diastolic function across various stages of gestation. 10
Therefore,this study was undertaken to assess changes in diastolic function in pregnancy induced hypertension and
compared to normal pregnant women by 2D echocardiography and Doppler evaluation.
This was a one year prospective study, conducted in the Department of Cardiology with 200 pregnant women that is,
100 women with pregnancy induced hypertension (Group H) and 100 women with normal pregnancy (Group N). All
the women underwent 2D echo for the evaluation of diastolic function.
In this study majority of subjects were between 21 to 25 year of age i.e. 66% in Group H and 62% in Group N. Also
the mean age in group H was 23.48 ± 2.38 years and in group N it was 23.06 ±2.92 years (p=0.032) suggesting that
the age distribution of the study population in group H and group N was comparable.
In this study,92% women in Group H and 78% in Group N had gestational age of 36 weeks. The mean gestational
age in group H was 35.78 ± 0.51 years and in group N it was 35.80 ± 0.57 years (p=0.044). Hence the gestational
age in group H and group N was comparable. These findings rule out the possible bias in study results.
In the present study 2D echocardiography revealed majority of the women in group N with normal diastolic function
that is grade 0 in 94% while in group H 56% of the women have normal diastolic function. This difference was
statistically highly significant (p<0.001).
Furthermore, Grade 1 diastolic dysfunction was present in significantly higher number of women with pre-eclampsia
compared to women with normal pregnancy (40% vs 6%) and Grade II diastolic dysfunction was noted in 4% of the
women with pre-eclampsia while none of the normal women was found to have Grade II diastolic dysfunction.
Hence these findings suggest that, pregnant women with pre-eclampsia are likely to have diastolic dysfunction as
assessed by 2D Echocardiography.
In this study Doppler parameters including MV: E/E’ (p = 0.004), IVRT (p < 0.001), DS (p < 0.001), PVs (p =
0.015) and PVa (p < 0.001) were significantly high in group H compared to group N.
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However MV: E, MV: A, MV: E/A, MV: E’, MV: A’, DTI, PVd and PVs/PVd were found to be comparable but
statistically insignificant (p > 0.05).
Hence these findings suggest that, pregnant women with hypertension are likely to have diastolic dysfunction in terms of
raised MV: E/E’, IVRT, DS, PVs and PVa.
These findings were comparable to other studies.
In a study by Solanki R. et al10 authors evaluated maternal cardiovascular function using echocardiography in normal and
pre-eclamptic women in the third trimester of pregnancy on 20 subjects with pre-eclampsia and 20 normotensive controls
with 34 weeks gestation and singleton pregnancy. Study revealed that increased afterload in pregnancy induced
hypertension is linked with reduced emptying of left ventricle. Increased E wave velocity in hypertensive patients suggest
elevated trans mitral gradient during early diastole reflecting reduced LV compliance. The higher peak A wave velocity
suggests more important role of atrial systole in ﬁlling of the hypertrophied ventricle in these women. The prolonged
IVRT in pre-eclamptic subjects suggests that longer time is required for left ventricular pressure to fall below atrial
pressure. The prolongation of E wave deceleration time in pre-eclamptic subjects is consistent with increased passive
ﬁlling of left ventricle during early diastole.Mean cardiac output (66.85 ± 4.56 ml/min vs. 56.1 ± 1.77 ml/min), mean LV
diastolic mass (66.85 ± 4.56 ml/min vs. 56.1 ± 1.77 ml/min) and total vascular resistance (1396.85 ± 150.2 vs. 1204.5 ±
71.182 dyne, s cm5) was higher in the women with pre eclampsia indicating reduced LV compliance and diastolic
dysfunction.This study hence concluded that there are significant structural and dynamic changes in women with preeclampsia particularly reduced LV compliance and diastolic dysfunction. Blood pressure monitoring alone is insufficient
in identifying and managing the risk of cardiovascular complications in such patients.Including echocardiographic
assessment in the management protocol could help identify women who are at higher risk of developing complications.
Melchiorre K, et al.8conducted a prospective case control study comparing the diastolic function of 50 patients with preeclampsia and 50 normal pregnancies. It was undertaken to evaluate cardiac function and LV remodeling occurring at term
in patients with pre eclampsia. Global diastolic dysfunction was seen in 40% of pre eclampsia cases as compared to 14%
in normotensive pregnancies(p=0.007). Altered indices of LV mass indicate Left ventricular adaptation to maintain
myocardial contractility against increased afterload in pre-eclampsia patients. As diastolic dysfunction precedes systolic
dysfunction in other causes, its development is of prognostic value in patients with pre-eclampsia. Hence this reiterates the
importance of early detection of diastolic dysfunction in women with pre- eclampsia.

Conclusion:Echocardiography can be used as a useful screening tool to identify diastolic dysfunction in patients with pregnancy
induced hypertension. The echocardiographic characteristics including Mitral Valve: E/E’, IVRT, DS,PVs and PVa were
significantly higher in pregnancy induced hypertension when compared to normotensive pregnant females.
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Abstract

CONTEXT: Prostate cancer (PC) remains one of the most common cancers affecting men today. Thus, understanding the prevalence, disease
characteristics, and changing demographics of Indian PC patients has emerged as an important aspect of study. AIMS: We aimed to present the case
series of PC patients from single tertiary care center in North Karnataka. SETTINGS AND DESIGN: The study designed over a period of 8 years from
2007 to 2015 was conducted in the Department of Urology, KLES Dr. Prabhakar Kore Hospital, Belagavi, Karnataka. MATERIALS AND METHODS: A

total of 471 newly diagnosed patients with PC from 2007 to 2015 were included in the study. Sociodemographic, clinical characteristics, radiological
and histopathological findings of all patients were collected and analyzed for the risk of PC. STATISTICAL ANALYSIS USED: The statistical analysis
used in this study was IBM SPSS Statistics software Inc., version 20.0. RESULTS: A total of 471 patients were diagnosed with PC, the mean age
at presentation was 70 years, and mean prostate‑specific antigen (PSA) level was 37.71 ng/mL. Digital rectal examination (DRE) was abnormal
in 87.5% of 471 cases. Significant correlation was observed between PSA level and DRE (P = 0.0005), correlation of PSA and Gleason’s score
was P = 0.0006, and histopathological results showed high risk in patients (P = 0.0001). CONCLUSIONS: This is the first hospital‑based study of
PC incidence with clinical and histopathological features. PC remains an important public health problem with increasing incidence and significant
burden on health‑care resources in India.
Key Words: Epidemiology, histopathology, prostate cancer, North Karnataka

Introduction
Prostate cancer (PC) has turned out to be the most
important health problem in developed countries during
the last two decades. [1] PC is mainly a disease of the
aged with more than 70% of the cases occurring in men
above 65 years of age. [2] While the increasing age, race,
and family history are the only well‑known risk factors,
the incidence patterns in various countries and ethnic
groups specify that the pathogenesis involves strong
relationship between environmental and hereditary factors.[3]
Epidemiology has played a significant role in learning
about the causes of cancer in the past few decades. The
aim of this study was to analyze the incidence, clinical,
and histopathological features of PC patients from a single
tertiary care center.
Subjects and Methods

Results
Prostate cancer incidence

A total of 471 patients were diagnosed with PC during the
period 2007–2015. Year‑wise distribution of PC incidence
with respect to age category and place of residence is
summarized in Table 1.
Sociodemographic features

This study involves case series of 471 PC patients
diagnosed during the period 2007–2015 in the
Department of Urology, KLES Dr. Prabhakar Kore
Hospital and Medical Research Centre, Belagavi,
Karnataka. Medical records of those cases with
confirmed clinical, radiological, and histologically
diagnosed based on the Gleason’s scoring system
were included in this study. The data acquisition and
interpretation of cases were done by the urologist
and subject experts. The variables analyzed were
sociodemographic features: patient’s age, marital
status, occupation, educational status, smoking status,
and alcohol consumption and basic clinical features:
symptomatology, comorbidities, medical history, earlier
history of vasectomy, and family history of PC. Clinical
Access this article online
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characteristics: prostate‑specific antigen (PSA) levels,
digital rectal examination (DRE), histopathological
findings, and Gleason score for clinical staging were
recorded. Computed tomography (CT) scan of the
prostate was done in the majority of cases. bone scan,
and magnetic resonance imaging (MRI) were done as per
clinical indication for diagnostic and staging purposes.
Data were entered and analyzed using IBM SPSS Statistics
software Inc., version 20.0 (Armonk, NY: IBM Corp.).
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The median age of the patients (n = 471) was 70 years at
the time of diagnosis while most of the patients were older
than 50 years. Among 471 cases, around 37.4% of the PC
patients with available data stated that they were farmers
and rest were labourers (28.0%), professional business men
(19.7%), and retired from job (14.9%). Among the
patients with known marital status, 98.1% (n = 462)
were married; and 77.28% (n = 364) had ≥3 children.
Considering smoking, tobacco, and alcohol drinking habits,
18.7% of the patients (n = 88) were active smokers,
25.7% (n = 121) were tobacco chewers, 14.0% were
regular consumers of alcohol, and 2.3% (n = 11) patients
had multiple habits.
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Table 1: Prostate cancer incidence rates recorded in North Karnataka with respect to place of residence, age
category, and year
Place of residence

Age category

Year‑wise cases recorded

50-60

60-70

70-80

80-90

90+

n

Years

Frequency

Percentage

Belagavi
Chikodi
Hubli‑Dharwad
Bagalkot
Vijayapur
Gadag
Uttara Kannada
Haveri
Davangere
Koppal

14
10
8
14
14
6
4
6
1
3

52
15
11
12
13
11
12
8
7
7

66
20
10
16
14
10
7
16
12
12

19
3
4
5
3
3
4
1
4
4

2
3
1
0
0
1
0
1
0
0

153
51
34
47
44
33
27
32
24
26

2007
2008
2009
2010
2011
2012
2013
2014
2015

36
50
67
38
28
26
109
93
24

7.6
10.6
14.2
8.1
5.9
5.5
23.1
19.7
5.1

Total

80

149

184

50

8

471

Total

471

100.0

Basic clinical features

Family history was noticed in 0.84% (n = 4), and history
of vasectomy was identified in 0.63% (n = 3). Nearly
84.5% of the patients had bothersome symptoms such as
frequency, hesitancy, urgency, hematuria, nocturia, retention,
poor urinary stream, sensation of incomplete evacuation,
and dribbling. Nearly 78.55% of the patients had different
concomitant diseases with 22.7% diabetes mellitus, 13.4%
hypertension, 6.4% cardiovascular disease, and 6.9% chronic
kidney disease, and few other patients had asthma, chronic
obstructive pulmonary disease, and Parkinson’s disease. The
rest 21.4% (n = 101) patients had no comorbidities.
Clinical characteristics

The mean PSA level was 37.70 ng/mL in the entire
group (n = 471). The distribution of patients according
to PSA levels of 0.1–2.5, 2.5–4.0, 4.0–10.0, 10.0–20,
and >20 ng/mL were 4.5%, 3.0%, 18.3%, 30.4%, and
43.9%, respectively. DRE was suspicious for PC in 87.5%
of patients with Grade III, 6.8% with Grade II, and
5.7% with Grade I, respectively. There was a significant
positive correlation between PSA (ng/mL) levels and
DRE at the time of diagnosis (P = 0.0005). Transrectal
ultrasound‑guided biopsy was the main diagnostic method
in 81.52%. The remaining methods were transurethral
resection of the prostate (14.22%), digital‑guided tru‑cut
biopsy (4.24%), and CT/MRI scans for staging.
Histopathological findings

Of all patients, 3.0% had Gleason score of 6 or less; 8.3%
had Gleason’s score 7, and 88.7% had ≥8 Gleason’s score.
Six was the most frequent Gleason’s score with 2.8%,
among the patients with Gleason’s score of 7, 58.1% were
score of 3 + 4, 40.8% were score of 4 + 3, while only
1.1% was score of 2 + 5. Significant correlation between
Gleason’s scores and PSA levels (ng/mL) (P = 0.0006) was
noticed [Figure 1].
Clinical staging of prostate cancer

Based on histopathological and CT/MRI findings, 2.3%
patients were of Stage‑I, 3.6% were Stage‑II, 5.5% were
Stage‑III, and 88.5% were of Stage‑IV. Out of 471 cases,
67.09% had positive metastasis and 32.91% patients had
negative metastasis upon having increased PSA levels during
430

the time of diagnosis; there was a statistically significant
positive correlation between PSA levels and metastasis
diagnosis using CT/MRI scans (P = 0.0001) [Figure 2].
Discussion
It is known that PC is a disease occurring mainly among
the elderly population in India as in other parts of the
world. At the time of diagnosis, the highest incidence
rate was observed among patients aged between 70 and
80 years [Table 1]. This is compatible with the well‑known
characteristics of the disease that frequently affects elderly
men aged 65 years or more and is a rare disease before
50 years of age. [2] Median age was 70 years, and of all
70.7% were above 60 years, which is compatible with the
studies from American population.[4] Similarly, we observed
specific job‑related exposure might account for some
cases occupational such as cadmium and rubber making
industries generally have yielded consistent association with
PC risk.[5] A higher incidence of PC has been reported in
men with occupation of farming in our study; this might
be due to the exposure agents such as organophosphate
and pesticides used primarily in farming. [6] Our findings
related to patient profile revealed 37.4% of the PC patients
with available data stated that they were farmers and rest
were labourers (28.0%), professional business (19.7%), and
retired from job (14.9%). About 84.5% of the patients
had lower urinary tract symptoms. Nearly 78.55% of the
patients had different concomitant diseases with 22.7%
diabetes mellitus, 13.4% hypertension, 6.4% cardiovascular
disease, and 6.9% chronic kidney disease; few other patients
had asthma, chronic obstructive pulmonary disease, and
Parkinson’s disease. The rest 21.4% (n = 101) patients
had no comorbidities. Our findings with low level (22.7%)
comorbidity with diabetes mellitus are less significant with
the previous meta‑analysis findings providing strong evidence
that diabetes mellitus is linked with an increased risk of PC
in Asians.[7]
Identification of positive family history for PC in
first‑degree relatives only in 0.84% of our patients is in
line with the past studies indicating known susceptibility
genes to be involved in only approximately 10% of
cases. In India, vasectomy is a common method of
Indian Journal of Cancer | July-September 2016 | Volume 53 | Issue 3
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Figure 1: The correlation of Gleason’s scores and prostate-specific antigen
levels (ng/mL). P = 0.0006*. *P < 0.05-level of significant

family planning. Thus, marginal decreases in the odds
were found for vasectomy in our study; the association
was not statistically significant. The mean PSA level
was 37.70 ng/mL in the entire group. However, most
patients had a PSA level ≥20 ng/mL in our study.
Histopathological and CT/MRI reports revealed that
most of the patients (64.4%) were diagnosed with
Stage‑III and Stage‑IV. [8] We found significant positive
correlation between serum PSA level and Gleason score
in accordance with the findings of the studies done in
European continent and Middle East countries.[9] Most of
the patients had Gleason score of ≥8 (88.7%) in our study
while 8.3% had Gleason’s score 7 and 3.0% had Gleason
score of 6 or less while it was reported as seven in Asian
subcontinents. [10] The spectrum of cancer epidemiology
seen in India is different than that seen in any developed
country. Thus, the analyzed data suggest that there is a
lesser incidence of PC in some areas of North Karnataka
or as is more likely; there is under‑ascertainment of cases.
However, we feel that this case series of PC data also
gives a different standpoint for accumulated knowledge
of the information on PC which may have significant
epidemiological and statistical value for future studies.
Conclusions
We may conclude that PC remains an important public
health concern in India with continual increase in the
incidence and significant burden on health‑care resources.
Further studies are needed to better understanding of the
etiology and prevention aspects of the PC. The facts behind
these results emphasize the need for elaborate and precise
molecular and genetic studies of the population.
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Abstract:
Background: Among the 95 well characterized Mycobacterial species M. tuberculosis and M. leprae have
1
been the well known pathogens affecting human beings. Rarely saprophytic Non Tubercular Mycobacteria
may cause human infections.2 Here we report a case of multiple skin ulcers caused by M. chelonae fortuitum
complex in an immuno-compromised person, along with the microbiological work-up of the isolate.
Key words: MOTT ulcer, Cutaneous TB, Atypical Mycobacteria.
Introduction;
Genus Mycobacterium has 95 well
1
characterized species. Among them M. tuberculosis
and M. leprae have been the well known pathogens
affecting human beings from time immemorial. Other
members are called as Non Tuberculous Mycobacteria
(NTM), and are present in the nature as saprophytes.
However, occasionally these organisms can cause
2
local and disseminated infections. NTM are probably
transmitted through aerosol, soil, dust, water,
ingestion or by skin inoculation, whereas person to
person transmission is a rare possibility.3,4, Here we
report a case of multiple skin ulcers caused by M.
chelonae fortuitum complex in an immunocompromised person, along with the microbiological
work-up of the isolate.
Case Record;
A thirty year old moderately built, nourished and
obese male, farmer by occupation was referred to
KLES's Dr Prabhakar Kore Medical Research Centre
Belagavi, a teaching hospital of JN Medical College
Belagavi. He presented with painful ulcers on
abdomen, hips, back of arm and legs.(Fig No1,2)
These lesions were associated with foul smelling
discharge.
Past history of the patient revealed that, the
lesions appeared as painless raised nodules of 1-2 cms
in size on the lower limbs about a year back. Gradually
the lesions spread all over the body. After 2-3 months
the nodules opened up and formed ulcers which were
highly painful. For the above complaints he was
consulted his family physician in his village, and he
prescribed him with ciprofloxacin and injection
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JN Medical College.
KLE University Belagavi, Karnataka
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steroids for a week. Later he was given Inj.
Dexona and Tab. Wysolone alternatively in various
doses in the past three years. There was no
improvement with this treatment. During the same
time the patient noticed weight gain, joint pains and
weakness. Meanwhile he had consulted many doctors.
Finally he was referred to our tertiary care hospital
with the above complaints. There was no history of
cough with expectoration, difficulty in breathing. He
was married since ten years and no similar history in
family. Patient was a known alcoholic and gave
significant history of heterosexual exposure.
On examination his body temp was 99.6° F,
pallor was present, no icterus, no clubbing. Left sided
inguinal lymphadenopathy was present. These lymph
nodes were tender matted and measured 3- 5 cms on
left inguinal side. Bilateral pitting type pedal edema
was present. Mucocutaneous examination reveled,
multiple ulcers with undermined edges present over
upper limb, lower back and buttocks measuring 3x3
cm to 3x5 cm in size. The ulcers were oval in shape
covered by necrotic slough. External Genital
examination showed no abnormality. With these
findings the patient was admitted with diagnosis of
Cutanenous Tuberculosis with Cushing's syndrome
and HIV infection,? Tuberculosis gumma ?TB
chancre or ? type vulgaris.
On admission, he was anemic with 8.0 gms of
hemoglobin. ESR was raised (62 mm/hr), total WBC
count was 12,500 /cu.mm, Neutrophils 90 %
Lymphocytes 10 %. AEC was 75 cells /cu.mm. Blood
picture was Microcytic hyphochromic anaemia.
Serum ALT 44 U, SGOT 62 U, Total Bilirubin 0.8
Access this article online Quick
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Website : www.jphmr.com Code :
8

J Pub Health Med Res

mg%, Cholesterol 133 mg %, Blood Urea 25
mg %, Sr. Creatinine 0.8 mg %, Sodium 143 mEq/L,
Serum. Potassium 3.7 mEq/L. Serum A:G ration 0.6 :
1.0. Serum Cortisol levels 1.3 mg and 0.7 mg/dl in
morning and evening samples respectively. Urine
examination was revealed no abnormality. VDRL test
was Non-reactive. His serum was found reactive for
HIV by EIA (J.Mitra & Co India ).
Smears were prepared from the scrapings from
ulcers after thorough cleansing and were subjected to
Gram's and Z N Stain. Gram's Stain was revealed
scattered Gram positive bacilli. However Z N stained
smear showed, plenty of acid fast bacilli. The sample
was inoculated on conventional Lowenstein-Jensen
(LJ) slants and in radiometric BACTEC 460 TB
system (Becton Dickinson diagnostic system, USA).
Besides this, the sample was also plated on Mac
Conkey's agar (without crystal violet) and 5% Sheep
Blood agar. Colorless colonies were demonstrated on
LJ medium by 3rd day. Bactec 460 indicated growth
by 2nd day (GI= 510).ZN staining from both media
revealed Acid fast bacilli. Culture isolate was further
inoculated into bottle with p -nitro - á acetylamine - â
hydroxy propiophenone (NAP) disc (5 µg ) for NAP
test. The test organism was identified as a Non
Tuberculous Mycobacteria on the basis of the NAP
test and the ability to grow on LJ media in <7 days and
in BACTEC media with in 5 days. This isolate was
further characterized and identified as Myc. fortuitum
chelonae complex by biochemical tests (Hydrolysis of
phenolphthalein sulphate within 3 days, Growth on
mannitol & inositol, Tolerance to NaCl at 28 deg C,
Sensitivity to Amikacin and Ciprofloxacin).
Antimicrobial Susceptibility Testing (Kirby Bauer
method) was performed on Muller Hinton agar and the
isolate was sensitive to Amikacin, Vancomycin,
Linezolid and Ciprofloxacin. MIC of the above drugs
was determined using broth micro dilution technique
using, Sensitiser (Trek Diagnostic Systems for
Rapid Growing Mycobacteria). Sensitivity and
resistance of the organism was determined by the
presence or absence of turbidity in the broth. The
organism was found sensitive to Amikacin,
Clarithromycin, Ciprofloxacin, Imipenem,
Gatifloxacin and Co-Trimoxazole. It was resistant
to Cefoxitin, Ceftriaxazone, Tobramycin and
Amox + Clavalunic acid. Treatment was started with,
IV fluids, Cefotaxim, Tab Ultracef along with ATT.
Within two days of admission patient started
complaining of increased pain at ulcer areas. Inj
Diclofenac Sodium dose was increased to reduce the
severe pain in ulcer to twice a day. Despite of this

treatment patient developed increase in pain
and went on discharge against medical advice after
fifth day of admission. Patient expired within two days
after discharge.

Fig 1. picture showing active and healed lesions on the
shoulders and upper hand of the patient.

Fig 2. Leisons on the Lt gluteal region

Discussion;
Pinner, was the person who called these group
organisms as Atypical Mycobacteria.1 M. chelonei and
M. fortuitum are ubiquitous organisms and are widely
distributed in water and soil. The diseases caused by
rapidly growing mycobacteria in human are majorly
due to M. fortuitum, M. chelonae and M. abscessus.2-5
We report a case of multiple skin ulcers caused by M.
fortuitum-chelonae complex with an underlying
immunocompromised condition. Though past history
of this patient do not reveal any history of injury, for
the reason that our patient was a farmer by occupation
who could have been exposed to minor injury, which
might have been overlooked.
NTM are known to cause chronic
subcutaneous infections with serous discharge and
require prolonged course of expensive antibiotics,
6
especially among immuno-compromised persons.
Anti Tubercular treatment have no role in such cases.7
Unfortunately in our patient, the diagnosis was
delayed and he was treated by steroids for long time by
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his family physician, which in turn complicated the
disease pattern and led to Cushing's disease. We could
not start him on antibiotic therapy for him because, we
received the report after fifth day and he was gone
against medical advice.
We conclude here with by adding that, in
chronic sappurative cutaneous diseases pus samples
have to be subjected for ZN staining along with Grams
stain since, ZN stain can throw light on the case. We
also suggest in such cases AFB culture should be
attempted along with antibiotic sensitivity. Moreover
laboratory needs to be alerted, so that all the necessary
measures could be adopted.
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ABSTRACT
Background: The culture has always been the gold standard test
for diagnosis of human brucellosis but the conventional Brucella
diagnostic tests viz. serology and culture are often beset with poor
specificity & sensitivity respectively. The culture positivity rates for
Brucella vary from 92% for bone marrow to 10% for non-blood
samples and also dependent on the type of sample. The primary
immune-determinant for Brucella species is the cell wall surface
lipopolysaccharide, which is antigenically similar to other gramnegative rods. Hence, Brucella serological tests cross react with
Escherichia coli 0116 and 0157, Salmonella urbana, Yersinia
enterocolitica 0:9, Vibrio cholerae, Xanthomonas maltophilia and
Afipia clevellandensis infections, which are common in developing
countries also having higher incidence of brucellosis.
Aim: The aim of the study was evaluation of conventional
serological techniques and PCR for diagnosis of human brucellosis
in and around north Karnataka which is endemic for brucellosis
and patients often present with elevated base line antibody titers
and confounding clinical manifestations.
Materials and Methods: Blood/serum samples of 400 patients
suffering from acute undifferentiated fever (AUF) were subjected

to culture, Brucella slide agglutination test (SAT), standard tube
agglutination test (STAT coupled with 2 ME) and PCR.
Results: Of the 400 AUF patients, anti-Brucella antibodies
were detected by SAT and STAT in serum of 35 and 34 patients
respectively. IS711 gene for Brucella was identified in 32 patients
by PCR. Twenty samples yielded Brucella in culture on biphasic
medium with average incubation period of 9 days. All patients
having titer of ≥ 160IU / ml in STAT were found positive by PCR
also.
Conclusion: Brucella STAT corroborated well with PCR results
in all those cases where antibodies were present at least one
dilution above cut-off value of 80 IU/ml. We probably need to raise
cut-off titers to ≥160 IU/ml because of endemic region. The SAT
was upheld as very good quick, easy to perform and economical
screening test for human brucellosis. SAT as rapid screening test
and STAT as more definitive test can be very well adopted by
laboratories working in resource scarce settings for diagnosis of
human brucellosis in absence of PCR even for population with
normally elevated antibodies levels due to residing in Brucella
endemic areas.

Keywords: Culture, PCR, Serology

Introduction
Mediterranean basin (Portugal, Spain, Southern France, Italy,
Greece, Turkey, North Africa), Mexico, South & Central America,
Eastern Europe, Asia, Africa, the Caribbean and the Middle East are
listed by CDC as high risk areas for brucellosis [1].
Sporadic cases amongst the travelers from non-endemic countries
are reported after their travel to endemic countries [2,3]. Even though
countries like UK, Australia, New Zealand, Japan and Canada have
been declared Brucella free, half a million new cases of human
brucellosis are reported worldwide [4,5] and human brucellosis is
a major zoonotic disease in India owing to the fact that more than
70% of total population reside in approximately 5,00,000 villages
[6,7]. The problems with diagnosis of human brucellosis include
its protean manifestations, unawareness amongst clinicians, poor
culture yields, difficulties in interpretations of serology results due to
presence of endemic titers and usage of non-standardized kits for
antibody estimations.
We evaluated two serological tests which are easy to perform,
very economical and PCR which is highly sensitive and specific
diagnostic tool for diagnosis of human brucellosis but costly and
technically demanding, with culture which is considered as gold
standard due to its specificity. This was to ascertain the best modality
for diagnosing brucellosis in areas which are endemic not only
for brucellosis but also for cross reacting gram negative bacterial
pathogens and resources including technically qualified manpower
are scarce. The uniqueness of this study lies in location of study and
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patients’ demographic profile since the area in and around Belgaum
(South India) is endemic for brucellosis [8] leading to persistently
elevated antibody levels in general population. Further the clinical
profile was not suggestive of brucellosis to attending physicians due
to lack of typical symptoms of brucellosis and infections with cross
reacting gram negative bacilli viz E.coli, Salmonella, Vibrio are very
common in this area.

Aim
The aim of the study was evaluation of conventional serological
techniques and PCR for diagnosis of human brucellosis in and
around north Karnataka which is endemic for brucellosis and
patients often present with elevated base line antibody titers and
confounding clinical manifestations.

Materials and Methods
The study was designed as cross-sectional and carried out over
a period of 18 months (January 2004-July 2005) in the serology
and molecular biology sections of Microbiology department of
Jawaharlal Nehru Medical College after obtaining clearance from
institute ethics committee.
Four hundred patients with chief complaint of acute undifferentiated
fever (AUF) reporting to KLE Dr Prabhakar Kore hospital and
medical research center were included in this study. Majority
of patients belonged to north Karnataka which is endemic for
brucellosis. Blood/serum samples of these patients were submitted
Journal of Clinical and Diagnostic Research. 2016 Feb, Vol-10(2): DC26-DC29
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to Microbiology department for one or more AUF investigations
like Widal, Venereal Disease Research Laboratory (VDRL) test for
syphilis, Anti-Streptolysin O (ASLO), Malaria.

Inclusion Criteria
Patients with undifferentiated fever of > 10 days were included in
the study.

Exclusion Criteria
Patients with less than 10 days of fever or those who had tested
positive for malaria/Widal/VDRL/ASLO were excluded from the
study.
Sample size was calculated with estimated sensitivity of SAT as
75% and specificity at 90% with reference standard of culture
with relative precision of 15% and prevalence of brucellosis was
considered as 15% in endemic area. All calculations were done for
estimation with 95% confidence. Calculated sample size was 381.
We have enrolled 400 participants.
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PCR
IS711 downstream of BMEI1162 (Gene bank accession number
NC_003317) was used as target for DNA amplification and the
primers were 5’AAC AAG CGG CAC CCC TAA AA3’ (Forward
Primer) and 5’CAT GCG CTA TGA TCT GGT TACG3’ (Reverse
Primer) giving 279bp amplification product. The primers and PCR
mastermix were obtained from Bangalore Genie Ltd, Bangalore.
Though IS711 is considered a conserved insertion sequence
asused previously also L Zerva et al., we also tested 18 culture
isolates of Brucella melitensis isolated in our department over a
period for ascertaining the presence of IS711 gene by PCR in
Brucella species prevalent in this part of country [9]. IS711 was
detected in all 18 isolates and then it was decided to use this as
target in PCR for identifying Brucella melitensis in serum samples
included in this study. DNA extraction from the serum samples and
amplification was performed by following the method described by
L Zerva et al., [9].

All 400 were subjected to culture, Brucella slide agglutination test
(SAT), and Brucella standard tube agglutination test (STAT) with
2ME.

The sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), diagnostic accuracy and likelihood of
positive test were calculated for SAT and STAT as compared to
culture considered as the gold standard.

Serology

Results

Both the SAT and STAT antigens were procured from Division of
Biological Products, Indian Veterinary Research Institute, Izzatnagar,
(Uttar Pradesh), India, which prepares the antigen in conformity to
international reference laboratories. Four hundred serum samples
received at serology section of Department of Microbiology over
a period of six months for one or the febrile agglutination tests for
diagnosis of AUF were included in the study. Despite absence of
differential diagnosis of brucellosis by physicians, all 400 serum
samples were subjected to Brucella slide agglutination test (SAT),
using Rose Bengal Plate Test (RBPT) antigen which is a Rose Bengal
dye stained phenolised 8% suspension of pure smooth killed cells
of Brucella abortus strain 99 and buffered at pH 3.65 using lactic
acid buffer. The tests were performed using positive control (serum
sample known to have Brucella antibody titers ≥ 80 IU/ml, obtained
in Standard tube agglutination test) and a negative control (serum
from healthy person) simultaneously.

Brucella was isolated in culture in 20 blood samples only. Thirty five
cases were positive by Brucella slide agglutination test, whereas 34
cases had antibodies levels of ≥ 80IU/ml cut-off value in Brucella
standard tube agglutination test (STAT). Thirty two cases found
positive by PCR as evident by presence of IS711 providing 279 bp
amplicon [Table/Fig-1]. Two patients having antibodies titres of 160
IU/ml (above the cut-off value of 80IU/ml), were negative by PCR.

The STAT was performed using Brucella abortus plain antigen which
is unstained suspension of pure smooth culture of Brucella abortus
strain 99 in phenol saline. In parallel to STAT, the samples were also
subjected to 2-merceptoethanol (2ME), which provide information
as regards to the amount of anti-Brucella IgG agglutinins present in
the serum by dissolving disulfide bonds which link IgM molecules
to release the subunits, thus inactivating the IgM antibodies. The
Brucella standard tube agglutination test was performed with
a set of antigen control tubes with which agglutination of serum
samples were compared with and minimum of 50% agglutination
was considered as end-point and each set had 12 tubes for testing
patient’s serum in doubling dilution and 5 tubes as antigen control
as prescribed by IVRI Izzatnagar, the manufacturer of the Brucella
antigens. A test was considered positive only if agglutination titer
were above the cut-off value of ≥80 IU/ml determined by STAT.
The cut-off value of ≥80 IU/ml was used as per the cut-off value
provided by the IVRI Izzatnagar along with antigen for considering a
serum sample positive for brucellosis in humans.

Antibody titres obtained in STAT ranged from 20 IU / ml to 10240
IU/ml [Table/Fig-2]. Titres obtained with 2-ME showed simultaneous
presence of anti-Brucella IgG antibodies along with much elevated
IgM antibodies in many cases suggesting acute exacerbation. The
sensitivity, specificity positive predictive value, negative predictive
value, diagnostic accuracy and likelihood ratio of a positive test for
SAT and STAT compared with culture are provided in [Table/Fig3a,b,4a&b]. As compared to 34 case found positive by serology
only 20 (57%) blood samples yielded Brucella in culture. All samples
positive by culture were found positive by PCR also. Another
important observation from this study is probable need to raise cutoff titers to ≥160 IU/ml from the existing ≥80 IU/ml in this endemic
region for better clinical correlation.

Culture

Discussion

For culture, 5-10 ml of blood was inoculated to brain-heart infusion
(BHI) medium poured in biphasic manner (Castaneda method) and
incubated at 37°C up to four weeks or till the time of appearance
of growth, whichever was earlier. The growth was identified as
Brucella on the basis of Gram stain morphology, positive oxidase
test and rapid hydrolysis of Urea demonstrated in Christensen’s
urease medium.
Journal of Clinical and Diagnostic Research. 2016 Feb, Vol-10(2): DC26-DC29

[Table/Fig-1]: PCR for IS711 gene (279bp), Lane 1-8: Serum samples. PC: Known
strain of Brucella melitensis isolated and identified in own institute. NC: PCR master
mix without template. M: Molecular weight marker (100 bp).

Majority of the brucellosis patients (82%) in our study presented with
on and off undifferentiated fever of more than 15 days, reiterating
the fact that fever remains the chief complaint in brucellosis. In our
study though the evaluation of culture was not primary objective,
it was performed as adjunct to serology and PCR for its value as
gold standard. In 20 blood samples Brucella was isolated. If culture
positivity is calculated amongst 35 Brucella seropositive cases it is
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commonly present in the endemic areas where this study was
undertaken. The second possibility could be of early phase of
disease, where the significant sero-conversion has not taken place.
Third possibility is of cross-reactivity because though the Brucella
slide agglutination test is extremely sensitive, but known to lack
specificity, as this test detect both the IgG and IgM antibodies and
anti- Brucella class M antibodies are known to give cross-reaction
with Escherichia coli 0116 and 0157, Salmonella urbana, Yersinia
enterocolitica 0:9, Vibrio cholerae, Xanthomonas maltophilia and
Afipia clevellandensis [12].

Number of cases

20

01

160

09

320

02

640

05

1280

06

2560

05

5120

05

10240

02
Total=35

[Table/Fig-2]: Titers of cases as determined by STAT (n=35).
Blood culture
SAT

Positive

Negative

Total

Positive

20

15

35

Negative

0

365

365

Total

20

380

400

[Table/Fig-3a]: Result of SAT as compared to gold standard blood culture.

Parameter

Estimate

Lower-upper
95% CIs

Sensitivity

100%

(83.89, 1001)

Specificity

96.05%

(93.59, 97.591)

Positive Predictive Value

57.14%

(40.86, 72.021)

Negative Predictive Value

100%

(98.96, 1001)

96.25%

(93.91, 97.711)

27.14

(23.6–31.22)

Diagnostic Accuracy
Likelihood ratio of a Positive Test

[Table/Fig-3b]: Diagnostic test parameters of SAT for diagnosis of human
brucellosis.
Blood culture
STAT

Positive

Negative

Total

20

14

34

Negative

0

366

366

Total

20

380

400

Positive

[Table/Fig-4a]: Result of STAT as compared to gold standard blood culture.

Parameter

Estimate

Lower-upper
95% CIs

Sensitivity

100%

(83.89, 1001)

Specificity

96.32%

(93.91, 97.791)

Positive Predictive Value

58.82%

(42.22, 73.631)

Negative Predictive Value

100%

(98.96, 1001)

Diagnostic Accuracy

96.5%

(94.21, 97.9 )

Likelihood ratio of a Positive Test

27.14

(23.6 – 31.22)

1

[Table/Fig-4b]: Diagnostic test parameters of STAT for diagnosis of human brucellosis.
Results from Open Epi, version 3.

57.1%. Culture yields for Brucella in literature vary from 10-90% and
are dependent on type of sample, stage of infection, previous use of
antibiotics and low yields are also attributed to slow growing nature
of this intra-cellular bacteria [10]. Techniques like lysis-centrifugation
can provide higher yields as demonstrated by Mantur BG but require
strict laboratory containment facilities [11].
Anti-Brucella antibodies were detected by SAT and STAT in all
patients which were found positive by PCR and culture. In three
patients’ positive by SAT and two patients positive by STAT IS711
gene for Brucella was not detected by PCR. One serum sample
had titers of 20 IU/ml in STAT, less than the designated cut-off
value and considered not positive. There are three possibilities to
be considered in this patient with titers less than the cut-off value
(80IU/ml). The first one is presence of endemic titers, which are
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We had two patients who had anti-Brucella antibodies titers of 160
IU/ml (above the cut-off value of 80IU/ml), as detected by STAT,
but negative by PCR. One patient was a 25-year-old farmer, with
un-united fracture of both bones of left leg and fever for last 1215 days. Sample was submitted to Microbiology department for
suspected enteric fever. Second case was of a 36-year-old male
teacher who was diagnosed with brucellosis one year before and
had been treated with Rifampin, Doxycycline, and Streptomycin.
Patient himself approached to our department, with pain in left hip,
both the knees and lipomatous swellings over dorsum of hand, left
hypochondrium, rib cage, and right flank. At the time of sample
collection, patient was on INH and Doxycycline.
In both the cases though there is a possibility of false negative by
PCR, but given to the sensitivity/ detection capacity of PCR, other
possibilities cannot be ruled out as PCR has been shown to detect
and amplify very little quantity of bacterial DNA likely to be present in
blood of patient with clinical brucellosis [13,14].
There could be reasons common for both the aforementioned
cases which were not detected by PCR, but having antibody levels
above cut-off value. Brucellosis is characterized by exacerbations and
remissions, and during remission there may not be any bacteremia
and consequently no breakdown products (DNA) present in serum,
to be picked up by PCR. Another very important reason could be
that population in brucellosis endemic area may have normally
elevated high titers of antibodies. In studies from many middle-east
countries, Spain and Greece, where also the disease is endemic,
cut-off values for considering active infection are higher (≥320 I.U)
than of 80 IU/ml taken in the present study [9,14,15].
The cut-off value of ≥80 IU/ml was used as per the cut-off value
provided by the IVRI Izzatnagar for considering a serum sample
positive for brucellosis in humans. This also provided us an
opportunity to determine aptness/utility of these cut-off titers in the
face of SAT, STAT, PCR and culture and we found that on account
of PCR results probably there is need for upward revision of cut-off
titers to ≥160 IU/ml.
Sensitivity and specificity of and SAT as well as STAT was higher that
is 100% and 96% respectively when gold standard was the blood
culture. The blood culture was used as gold standard because of its
100% specificity even thoughits sensitivity is low due to low yields
due to various reasons.
The reason for brucellosis being endemic in developing countries
including India is that their economies are largely based on
agriculture, making contact of large rural population with livestock
inevitable for tilling fields, as source of milk, wool, hide and meat,
thus providing definitive risk factors for contracting brucellosis.
Additionally practices like conducting delivery of cattle at home
without protective gear, consumption of un-boiled milk and keeping
cattle sheds in near vicinity of residential premises, frequent
movement and mixing of various herds of cattle, sheep and goats
and poorly maintained farm hygiene provide ideal settings for
acquiring Brucella infection by various routes. Despite being endemic
in many of the countries the disease is very much under-diagnosed
and under-reported [6]. It is estimated that for every reported case
of brucellosis three cases goes unreported thus truly demonstrating
tip of iceberg phenomenon [16].
Journal of Clinical and Diagnostic Research. 2016 Feb, Vol-10(2): DC26-DC29
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Despite being endemic the diagnosis is often missed mainly
because of varied presentations, non-specific symptoms, period of
long remissions and unawareness amongst health care providers
[17-19].
A 2-ME test which was set up in parallel to Brucella STAT is looked
upon as an indicator to the amount of anti-Brucella IgG agglutinins
present in the serum. In both these patients’ serum 50% agglutination
was observed up to identical dilutions in STAT and 2-ME, suggesting
the anti- Brucella antibodies being comprised of predominantly IgG
component only. Hence in these patients there are long persisting
IgG antibodies which are known to remain positive (greater than
or equal to 160) for 1.5 years in up to 48% of the patients despite
adequate antibiotic treatment whereas the 2-ME titers are said to
remain positive (greater than or equal to 160) in only 9% patients
after 1 year, and in only < 4% of patients after 1.5 years [20]. Hence
IgG antibodies are not a very good predictor of the disease process
on stand-alone basis and this possibility could exist in these two
cases and PCR negativity can be explained. Because Brucella
melitensis is the prevalent species for causing human brucellosis
cases in this region, primers specific for are Brucella melitensis used
for PCR. There is possibility, however remote that this might have
led these two cases of human brucellosis missed by PCR, as few
human cases due to B.abortus are reported in other regions [4].
Possibility of Brucella abortus infection and presence of
predominantly IgG base line titers in absence of any active disease
could be the two major reasons for the two cases (specially the
second patient who had taken full course of anti-Brucella treatment),
being found positive by serology but negative by PCR. In either
of these two scenarios the PCR results in our study shall be true
negative. Accurate seroprevalence of brucellosis in India vary widely
and yet to be determined across the country [21] but it is said to
be forgotten clinical entity [22] which could be ascribed largely to
protean manifestations and inexperience/unawareness about the
disease among clinical practitioners.

limitation
One of the limitations of the study is that PCR was not performed
on all 400 samples but only on the SAT positive samples due to
paucity of resources but considering these values SAT and STAT
can be used instead of culture and PCR in resource poor settings
to rule out brucellosis.

Conclusion
It is concluded that in resource poor settings where PCR cannot
be routinely performed due to its non-availability /high running
cost/lack of trained technical staff, serological tests are the best
choice which are much less expensive and can be carried out
in any laboratory with basic facilities. The Brucella SAT requires
less than two minutes to perform and cost less than 1 INR (60 INR
= 1USD) and Brucella STAT costs approximately 5 INR providing
quantitative estimation ofantibodies in 24 hours. There is no doubt
in our mind that routine screening of all the serum samples (which
are submitted for various febrile agglutination tests) for brucellosis
will certainly detect more number of Brucella infections than actually
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suspected by attending physicians, because protean manifestations
of brucellosis make clinical diagnosis difficult. Brucella SAT can
be used for screening large number of susceptible population in
endemic areas requiring only a white ceramic tile and spreader to
give results in two minutes at a cost which is small fraction of 1USD.
A 2-ME is useful adjunct to STAT from which the information about
stage of the disease (acute/ chronic/ acute exacerbation of chronic
illness) can be obtained.
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Symptomatic Unilateral Pleural Effusion Secondary due to Ovarian
Hyperstimulation Syndrome
Gajanan Gaude and Alisha Chaudhury
Department of Pulmonary Medicine, KLE University’s J.N. Medical College, Belgaum (Karnataka), India
Abstract
Isolated pleural effusion is a rare presentation of ovarian hyperstimulation syndrome following ovulation induction
therapy. We hereby report the case of a 24-year-old female who presented with unilateral moderate pleural effusion
following ovulation induction therapy. Therapeutic thoracentesis was performed to relieve the breathlessness in
this case. [Indian J Chest Dis Allied Sci 2016;58:199-201]
Key words: In-vitro fertilisation, Ovarian hyperstimulation syndrome, Pleural effusion.

Introduction

Case Report

The electrocardiogram was normal, pulse oximetry
showed oxygen saturation of 90%. Chest radiograph
showed evidence of right-sided moderate degree
pleural effusion (Figure 1). Cytologic results, culture
and staining for bacteria and fungi and acid-fast
bacilli staining were negative. Diagnostic thoracentesis
was done and pleural fluid reports revealed an
exudative effusion. Pleural fluid characteristics were
as follows: protein 5.1g/dL, glucose 91mg/dL, lactate
dehydrogenase 218IU/L, adenosine deaminase 17.7IU/L.
Liver and renal functions were normal. Total leucocyte
count was 14000/mm3 with a differential leucocyte
count of 76% neutrophils, 20% lymphocytes, 4%
eosinohphils. Erythrocyte sedimentation rate was
26mm at the end of the first hour. Ultrasonography
of the abdomen and pelvis showed enlarged ovaries

A 24-year-old female, who was married for three
years and was undergoing treatment for primary
infertility by a gynaecologist presented to us with
complains of dry cough with scanty expectoration,
breathlessness and right-sided pleuritic chest pain
since one week. There was no history of any fever
or any other constitutional symptoms. On
examination, patient was found to have tachycardia
and tachypnoea and reduced breath sounds on the
right side of the chest. Other systems examination
was normal. The patient had undergone four cycles
of controlled ovarian stimulation using human
chorionic gonadotropin (HCG) including the present
one. The first two cycles had failed and third had
been abandoned due to poor oocyte quality. Patient
had already been on ovulation induction drugs
including clomiphene citrate.
Physical examination revealed pulse 90/min,
respirations 30/min, blood pressure 122/84 mmHg.

Figure 1. Chest radiograph (postero-anterior view) showing rightsided moderate pleural effusion.

Ovarian hyperstimulation remains one of the dreaded
complications of ovulation induction. It has a wide
spectrum of presentation ranging from being
asymptomatic to severe presentation in the form of
acute respiratory distress and shock, requiring
admission to an intensive care unit. The complete
pathogenesis is yet to be understood which makes this
condition more complex.1 Isolated pleural effusion
without development of ascites is a rare presentation
of ovarian hyperstimulation syndrome.2 We report
the case of a 24-year-old female presenting with
isolated pleural effusion following ovulation induction.
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with multiple follicles; three follicles were greater than
10mm in size, there was no free fluid (Figure 2). There
was no ascites. Serum oestradiol levels were greater
than 3000pg/mL.

Figure 2. Ultrasound pelvis showing enlarged ovaries with multiple
follicles, three follicles >10mm size, no free fluid.

She was managed conservatively with
supplemental oxygen, parental broad-spectrum
antibiotic, low molecular weight heparin for deep
vein thrombosis prophylaxis, and supportive
therapy. Ovarian stimulation therapy was stopped.
Therapeutic aspiration was done and around 800mL
fluid was drained as the patient was tachypnoeic
and oxygen saturation was low. Repeat chest
radiogrpah after thoracocentisis showed minimal
effusion. Patient’s general condition improved
following which she was discharged with supportive
therapy. Chest radiograph after 10 days of follow-up
showed complete resolution of pleural fluid (Figure 3).
Patient did not have any episode of pleural effusion
during the follow-up period.

Figure 3. Chest radiograph (postero-anterior view) done during
follow-up at 10 days showing complete resolution of pleural effusion.

Gajanan Gaude and Alisha Chaudhury

Discussion
Ovarian hyperstimulation syndrome is a serious
iatrogenic complication of assisted reproduction
technology.1 There is enlargement of ovaries with
increase in size of follicles, neoangiogenesis and fluid
shift from intravascular space to the peritoneal,
pericardial and pleural spaces due to increased capillary
permeability. The syndrome is most commonly
observed with post-HCG administration and less
frequently with clomiphene citrate.2 A recent review
has highlighted the importance of this condition due
to increasing number of cases of in-vitro fertilisation,
and ovarian hyperstimulation syndrome is on the rise.3
The exact pathophysiology is unknown but this
underlying condition is likely due to release of
vasoactive substances from the ovary which enters
the systemic circulation or gets released into the
peritoneal cavity and causes capillary vasodilatation.
Interleukin-6 (IL-6), tumour necrosis factor-alpha
(TNF-α) have been implicated due to their markedly
elevated levels in follicular, ascitic and pleural fluid
and serum. Adding specific antibodies against
vascular endothelial growth factor (VEGF) is able to
neutralise 70% of capillary permeability activity, and
thus, VEGF was thought to be the key component
which facilitated capillary permeability.4 This leads
to the development of ascites, pleural effusions,
oedema and hemoconcentration. There are probably
two factors responsible for the accumulation of
pleural fluid. In cases of bilateral effusions, the
probable mechanism is a generalised capillary leak
syndrome and in right-sided pleural effusions,
possibly the fluid moves directly from the peritoneal
space to the pleural space. Patients can present with
a wide range of symptoms and signs. This syndrome
is characterised by ovarian enlargement, ascites,
pleural effusion, hypovolaemia, haemoconcentration,
and oliguria.5 Respiratory symptoms develop 7-14
days after the HCG injection. Isolated unilateral
pleural effusion secondary due to ovarian
hyperstimulation syndrome has been described. 6
In our case patient had developed pleural effusion
during initial days with no other signs and
symptoms. In other reports7,8 pleural effusions were
most commonly seen on the right side. Recently,
occurrence of haemorrhagic pleural effusion
secondary due to ovarian hyperstimulation
syndrome has been reported.9
The treatment is primarily supportive.
Administration of intravenous fluids is important
for haemoconcentration which can cause
hypovolaemia and lead to acute kidney injury and
even death. Therapeutic thoracentesis should be
performed if the patient has a large pleural effusion
and complains of dyspnoea. Role of macromolecules
like albumin and hydroxyethyl starch has been
mentioned to prevent the development of this condition
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by increasing the plasma oncotic pressure and binding
to the inflammatory mediators. Recently, three cases
presenting with massive pleural effusion secondary
due to ovarian hyperstimulation syndrome who
required
pigtail catheter drainage (n=1) and
mechanical ventilation (n=2) has been described.10
Intravenous albumin administration at the time of
oocyte collection is thought to have a preventive effect
on the manifestations of the syndrome.11
In conclusion, ovarian hyperstimulation
syndrome should be suspected in case any female
with a history of ovulation induction presenting with
ascites and pleural effusion. Treatment should be
initiated at the earliest involving a multi-disciplinary
approach along with obstetricians to prevent adverse
complications and even death.
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Abstract To investigate the viability of the implanted
crushed and uncrushed auricular cartilage graft with intact
perichondrium with respect to macroscopic and microscopic parameters. Cartilage grafts from 8 white New
Zealand rabbits were harvested from the right auricle, with
intact perichondrial layers. There were two categories Pre
implant and Post-implant and two types, mildly crushed
and uncrushed cartilage graft. The cartilage grafts were
implanted into the subcutaneous pockets over the right
upper paraspinal area. At the end of 2 months, implanted
grafts were retrieved and examined histopathologically.
There was a difference among the both types of cartilages
in both the categories with respect to chronic inflammation,
fibrosis, cartilage mass viability and vascularization. The
mildly crushed auricular autologous cartilage with intact
perichondrium does not lose the viability and maintains the
structural integrity and thus increasing the clinical predictability for cosmetic correction of nose in rhinoplasty.
Keywords Autologous auricular cartilage 
Animal model  Histopathology  Perichondrium 
Rhinoplasty
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Introduction
Amongst the other grafts, cartilage grafts are widely being
used in rhinoplasty to overcome certain irregularities on the
nasal dorsum and to achieve a smoother surface after
correction. But ironically these grafts tend to have memory
and revert to their original physique even after years of
implantation. This leads to postoperative distortion and
deformities [1, 2]. Erol’s [3] modification of diced cartilage
for dorsal nasal augmentation popularized the use of these
types of Turkish delight grafts. Nevertheless, clinical
studies reported that the long term follow up, crushed or
diced cartilage pieces wrapped in surgicel resorb after few
months resulting in irregularities of the nasal dorsum [4].
The comparison of diced and crushed cartilage grafts
without perichondrium and some with being wrapped in
surgicel or hyaluronidase have been widely studied in
previous papers [5, 6]. But the fate of implanted crushed
and uncrushed autologous auricular cartilage graft with
intact perichondrium on both the sides has not been evaluated as per our literature review. In the present study, an
attempt has been made to compare the fate of the crushed
and uncrushed autologous auricular cartilage with intact
perichondrium with respect to macroscopic and microscopic variances.
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Ethics in Animal Experiments (No. 2/1, dated 20-11-2011)
and approved to conduct the research at central
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experimental animal house at KLE University’s J.N.
Medical College, Belgaum, Karnataka, India. The study
was carried out in compliance with the guidelines for the
animal experimentation of committee for the purpose of
control and supervision of experiments on animals
(CPCSEA). The adult male white New Zealand rabbits
aged between 12 and 15 months were procured from the
registered animal breeder (627/02/a/CPCSEA). All animals
used for this experiment received care according to the
guidelines for use of laboratory animals in medical colleges—ICMR-2001 (Indian Council of Medical Research).
Animals were housed individually in a controlled environment at a room temperature of 18 ± 1 °C and with
50–70 % relative humidity, with a 12 h light–dark cycle
and were taken care with food and water as per their body
weight. A total of 8 New Zealand rabbits, each weighing
approximately 1250 to 1500 gms, were acquired for the
study. Each rabbit was anaesthetized with intramuscular
route with mixture of freshly drawn injection of Ketamine
hydrochloride of 35 mg/kg (Aneket-Neon Lab) and Xylazine Hydrorochloride of 5 mg/kg (Xylaxin-Indian
Immunologicals LTD). Local anesthesia was given at
operating site with Lidocaine Hydrochloride with adrenaline (Xylocaine 2 % with adrenaline, 1:200,000, Astra
Zeneca Pharma, India Ltd).
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Fig. 1 Cartilage graft harvested through the ventral surface of right
auricle

Experimental Protocol
Animals were put into the individual cages a week before
the proposed surgery for the adaptation and the hair of the
operative site from the right auricle and the right upper
para-spinal area were shaved on the day of surgery with the
fresh blade and mild antiseptic solution (Savlon) was
applied. After the animal was anaesthetized, operative sites
were cleaned with antiseptic solution and draped with
sterile drapes. The operative sites were infiltrated with local
anesthetic agent with 26 gauge dental needle. Approximately 40 mm 9 10 mm cartilage graft was harvested
from each animal through the ventral surface of right auricle
(Fig. 1). The obtained cartilage with intact ventral and
dorsal perichondrial layers was sectioned with fresh 11 no.
blade into four pieces of each 10 9 10 mm size. Two pieces were mildly crushed in the cartilage crusher. One crushed and another uncrushed cartilage pieces as pre-implant
grafts were sent for histopathological analysis.
Then two separate stab incisions about 4 cm apart were
made in the skin of the upper paraspinal region and a
subcutaneous pocket was created at each site (Fig. 2). Then
one crushed and another uncrushed cartilage grafts were
implanted into the pockets separately. The incisions of both
donor and the recipient sites were sutured with 3–0 Vicryl
(Centisorb 910 Violet-Centenial Surgical Suture Ltd) and
the grafts were left at the recipient sites for 2 months.
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Fig. 2 Two incision sites for graft implant (right upper paraspinal
area)

Histopathological Staining
The grafts were explanted after 2 months, adhering to the
similar implantation operative protocol without sacrificing
the animals (Fig. 3) and the samples were fixed in 10 %
neutral buffered formalin for 24 h in separate coded containers. The entire specimen was examined histopathologically. The histopathologist was blinded to the specimens.
Two groups were categorized as pre-implant and post-implant. Each group had two types of grafts, one crushed and
another uncrushed. Specimens included in the study were
processed, embedded in paraffin and cut into 5 lm sections. The sections were stained with Haematoxylin–Eosin
(H & E), Masson Trichrome and Van Gieson Veerchoff
stain and were examined under light microscopy. The H &
E stained sections were used to evaluate chondrocyte viability and the status of the chondroid tissue. Masson trichrome tissue stain is an important indicator of collagen
content of the matrix. With this stain, a blue color in the
matrix marks collagen fibrils and was used to assess connective tissue. Cartilage graft viability was determined
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characteristics. Relatively the crushed cartilage was pliable, softer with intact perichondrium on both sides and
more vascularity was observed around the implanted
graft.
Microscopic Examination
Uncrushed Cartilage

Fig. 3 Area of graft explantation and area of healed donor site of
right auricle

based on the state of the chondroid matrix, specifically the
loss of matrix chondromasia and the loss of chondrocyte
nuclei from the lacunae. Absence of matrix chondromasia
and chondrocyte nuclei was considered to indicate nonviable chondroid tissue. The level of cartilage mass, fibrosis,
chronic inflammation and vascularization for each specimen was expressed as a percentage of the total tissue
present. The cartilage mass in the specimens were quantified as 1? when 0–25 % of the analyzed material was
recorded, 2? when 26–50 %, as 3? for 51–75 % and as
4? when 76 % and above. When evaluating the chronic
inflammation, presence of the lymphocytes were quantified
as absent, mild, moderate and severe depending on the
number of chronic inflammatory cells observed. For analyzing the fibrosis and vascularization density representing
0–25 % of the analyzed material were recorded as minimal
(1?), 26–50 % as moderate (2?), 51–75 % as moderate to
severe (3?) and 76 % and above as severe (4?). In addition to chondrocyte proliferation, viability and new cartilage cell formation were investigated. Histopathologic
findings for each group were recorded.

Results
Variances of histopathological data were analyzed statistically with Wilcoxon signed ranks test and Fischer’s exact
test. Comparisons were made among and within the groups.
Fischer’s exact test was used in the comparison of the
qualitative data in the study. Results were evaluated at a
P \ .05 significance level.
Macroscopic Observation
It was observed that the grafts were firmly embedded
into the deep fascia and were greyish and shining in
appearance. Both the grafts retained their cartilaginous

Pre implant H and E stain of the uncrushed bare cartilage
revealed intact perichondrial covering both the sides and
showed no changes in any histopathological variances
where as in post-implant grafts, though all the variances
were statistically significant except chondrocyte proliferation but were only mild from 1? to 2? histopathologically.
Crushed Cartilage
Crushed cartilage showed few sparse islands of bare areas
without the perichondrium in both pre-implant and postimplant specimens indicating abraded areas because of
crushing but there were no damaged or fragmented areas.
All the other comparative parameters were statistically
significant and showed moderate—severe fibrosis, minimal
vascularization and moderate to severe inflammation
(Table 1).
Comparing to the crushed or uncrushed cartilages to
their counter parts in pre-implant and post-implants, the
P value was not significant (Table 2).

Discusssion
We the human beings are after the pursue of beauty of face
in general and the nose in particular. But ailing or ailed
noses may get deformed and are rendered free of ailment
before embarking on any corrections. Thus the maintenance of the harmony between the nose and the face is
obviously the aim of any corrective rhinoplasty [7].
Addressing the certain subtle irregularities over the dorsum
especially in thin skinned individuals during corrective
rhinoplasty is more challenging and at the same time
tedious because of various limitations. In cases of secondary rhinoplasty or a primary complicated rhinoplasty,
establishing a symmetric and smooth nasal dorsum is a
challenging part of the procedure. Especially in cases of
post traumatic deformity or asymmetric nasal bones,
establishment of the symmetric nasal dorsum is the most
difficult aspect of the surgery [8]. Another aim of the
surgery is to prevent an operated—on look by means of
camouflaging the graft. Many grafting techniques have
been described and used for this purpose in the past, but
none have been ideal [9–11].
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Table 1 P value for pre implant and post-implant comparison of
types CR and UCR cartilage
Sl. no.

Parameters

P value
CR

UCR

1.

Chronic inflammation

.046*

.046*

2.

Fibrosis-collagen content

.005*

.005*

3.
4.

Vascular proliferation
Cartilage mass/collagen content

.005*
.007*

.005*
.007*

5.

Viability chondrocyte-loss of
condrocyte nuclei

.046*

.046*

6.

Perichondral proliferation/chondrocyte
proliferation

.058*

.058*

Wilcoxon signed ranks test
* Significant
Table 2 P value for pre implant and post-implant comparison of
types CR with UCR cartilage
Sl. no. Parameters

P value
P value
pre implant post-implant

1.

Chronic inflammation

NA

2.

Fibrosis

NA

3.
4.

Vascular proliferation
NA
Cartilage mass/collagen content .007*

1
1

5.

Viability chondrocyte-loss
of condrocyte nuclei

1

1

6.

Perichondral proliferation/
chondrocyte proliferation

1

1

.608
1

Fischer’s exact test
NA not applicable
* Significant

There are numerous clinical and experimental studies in
the literature comparing the viability of crushed and diced
cartilage either wrapped in surgicel or fascia. The application of diced or crushed cartilage grafts on the nasal
dorsum were abandoned for a long period of time until they
were made popular again at the beginning of this century
by Erol [3]. As delineated in the ‘Turkish Delight’ technique, Erol prefers to harvest the cartilage from septal, alar,
conchal and costal origins and dice the cartilage into pieces
of 0.5–1 mm. This fine textured cartilage mass is then
wrapped in Surgicel to obtain a cylindrical form and is
moistened with rifampicin and parenteral blood. The surgicel wrapped diced cartilage is then inserted under the
nasal dorsal skin, into the nasal tip or into the lateral side
wall. Overcorrection is desirable as he states, because of
partial resorption.
Erol’s Turkish Delight technique applied to 2365
patients over 10 years demonstrated stable, long term
results [3]. However experimental studies conducted
afterward to evaluate the viability of the diced crushed

123

cartilage showed discrepant results [12, 13]. The studies
showed that the use of oxidized regenerated cellulose to
wrap diced or crushed cartilage grafts demonstrated no
evidence of proliferation thus reducing their clinical predictability because of negative effects on cartilage viability
and regeneration. This might be related to the finding that
surgicel cellulose fibers persist for long periods of time
after insertion in humans and that surgicel is degraded by
foreign body reaction rather than by hydrolyzed absorption
[1]. Humans do not possess a hydrolytic enzyme for
metabolizing the cellulose [14]. The wrapping procedure
may arrest the cartilage tissue oxygenation for up to 48 h,
which may give rise to a relative hypoxia in the early hours
after implantation. This relative hypoxia may result in loss
of regenerative potential. Daniel conducted a clinical study
using diced cartilage graft wrapped in surgicel, but this
study had to be halted abruptly at 4 months because of
unexpected absorption and clinical failure of all diced
cartilage grafts wrapped in surgical. However, Daniel and
Calvert used these grafts for contour to produce distinct
changes in the nasal profile. Their histological studies from
human specimens also indicated that a significant foreign
body reaction occurred in the diced cartilage grafts wrapped in surgicel but not in those grafts wrapped in fascia [4].
We have attempted a different and practical research on
animal model, comparing pre-implant and post-implant
crushed and uncrushed autologous auricular cartilage grafts
with intact perichondrium to know and understand the
behavior of the intended implanted autologous auricular
cartilage graft and to ascertain, whether the results are
extrapolatable in human beings in corrective rhinoplasty.
With this we were able to observe the histopathological
results in the same animal. We did not find any foreign
body reaction in any groups. Our findings are consistent
with the fact that surgicel wraps appear to incite an
inflammatory response and subsequent absorption of the
cartilage, whether diced or crushed [15]. The degree of
crushing has been shown to be an important factor in
cartilage viability and clinical predictability of autogenous
cartilage grafts. As the severity of crushing increases,
cartilage viability, chondrocyte proliferation and predictability of clinical outcome decreases [12]. Thus, we
used mildly crushed intact cartilage grafts in our experimental study and found no significant difference among
them. To note, all types of cartilage grafts showed viability,
mild chondrogenesis especially at the periphery just
beneath the perichondrium.
We are earnestly convinced that this study is of first of
its kind in the literature to compare the results of
histopathological changes of crushed and uncrushed cartilages grafts with both sides intact perichondrium. The
perichondrium acts like smooth sheath over the cartilage
and crushing the graft mildly makes it more adaptable over
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nasal dorsum to place it properly as a fascia and this type of
graft can be easily trimmed to allow for insertion into any
surgical site. Thus, chondrocytes have little capacity to
regenerate when injured and cartilage tissue that is not
supplied nutritionally is replaced by fibrous tissue [16]. In
the present study, this phenomenon has been evaluated
once again, especially in crushed cartilage grafts with
intact perichondrium.

Conclusion
In this study, we aimed to demonstrate the viability of
crushed and uncrushed autologous auricular cartilage grafts
with intact perichondrium in regard to histopathological
results. Thus we propose that with intact perichondrium
there would not be much difference between mild crushing
and non crushing and but to the advantage mild crushing
helps relative pliability and softening of the graft so that it
can be moldable over the dorsum and also promotes cartilage integrity and survival, thus increasing clinical predictability and avoiding the need for over correction. It is
important to keep in mind that this is an experimental
model in rabbits and similar procedures might result in
different findings in humans. Thus further studies are
needed to evaluate long-term effects and clinical applications in rhinoplasty procedures and authors intend to continue the research further for long term results.
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ABSTRACT
Background: Hyponatremia has long been recognized as a potentially serious metabolic consequence of
tuberculous meningitis (TBM) occurring in 35–65% of children with the disease. The syndrome of inappropriate
antidiuretic hormone (SIADH) secretion has for long been believed to be responsible for the majority of
cases of hyponatremia in TBM. Cerebral salt wasting syndrome (CSWS) is being increasingly reported as a cause
of hyponatremia in some of these children. Aim: This study was done to determine the frequency and causes
of hyponatremia in children with TBM. Methods: Children with newly diagnosed TBM admitted over a 2‑year
period (January 2009 to December 2010) were included. All patients received anti‑tubercular therapy, mannitol
for cerebral edema, and steroids. Patients were monitored for body weight, urine output, signs of dehydration,
serum electrolytes, blood urea nitrogen, serum creatinine, and urinary sodium. Hyponatremia was diagnosed
if the serum sodium was <135 mEq/L. CSWS was diagnosed if there was evidence of excessive urine output,
volume depletion, and natriuresis in the presence of hyponatremia. The outcome in terms of survival or death
was recorded. Results: Twenty‑nine of 75 children (38.7%) with TBM developed hyponatremia during their
hospital stay. In 19 patients, hyponatremia subsided after the discontinuation of mannitol. Ten patients with
persistent hyponatremia had CSWS. There were no patients with SIADH. Conclusions: CSWS is an important
cause of hyponatremia in children with newly diagnosed TBM. In our patients, it was more commonly seen
than SIADH.
Key words: Cerebral salt wasting syndrome, hyponatremia, tuberculosis meningeal

Introduction
As per the World Health Organization Global Tuberculosis
Report 2014, an estimated 550,000 new cases of tuberculosis
occurred in HIV‑negative children in 2013, of which there were
80,000 deaths.[1] Central nervous system (CNS) tuberculosis
carries a high mortality and neurological morbidity and
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disproportionately afflicts children.[2] Hyponatremia occurs
in 35–65% of patients with tuberculous meningitis (TBM)[3‑5]
and is an independent predictor of death or severe disability.[6]
Hyponatremia may be due to the syndrome of inappropriate
antidiuretic hormone (SIADH) secretion, cerebral salt
wasting syndrome (CSWS), excessive fluid administration
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in patients with impaired thirst, diuretic therapy such as
mannitol, and treatment of transient/permanent diabetes
insipidus.
Diagnosing the cause of hyponatremia in patients with
acute cerebral insults can be challenging. CSWS is a disease
of sodium and water handling that occurs as a result of
cerebral disease in the setting of normal renal function. It
is characterized by hyponatremia with hypovolemia. The
typical features of SIADH, on the other hand, result from
excessive retention of water with a concomitant decrease
in extracellular fluid osmolality. In TBM, plasma ADH may
be secreted as a response to raised intracranial pressure in
an effort to raise the mean arterial pressure and maintain
cerebral perfusion pressure.
Distinguishing CSWS from SIADH can be difficult but
is crucial because treatment of the two is fundamentally
different. While fluid restriction is the treatment of choice in
SIADH, the treatment of CSWS consists of vigorous sodium
and water replacement.
We undertook this study to determine the frequency and
causes of hyponatremia in patients with TBM.

Methods
This was a prospective hospital‑based cohort study carried
out over a 2‑year period (January 2009 to December 2010)
at the Lokmanya Tilak Municipal Medical College Hospital,
Mumbai, India. All newly diagnosed patients of TBM
admitted to the pediatric Intensive Care Unit and wards were
included. Patients with TBM were excluded from the study if
they had received mannitol or 3% saline elsewhere. Patients
with TBM readmitted for shunt problems or drug‑induced
hepatitis were also excluded from the study. A detailed
history was taken in all patients including a history of contact
with tuberculosis and of receiving Bacille Calmette–Guérin
vaccine. Lumbar puncture was done on all patients after
fundus examination. Cerebrospinal fluid (CSF) was examined
for total and differential cell count and protein and sugar.
CSF smear was examined for acid‑fast bacilli (AFB). CSF
was also sent for AFB and bacterial culture. Mantoux test,
chest X‑ray, and computerized tomography scan of the brain
were done in each patient.
Diagnosis
Patients were classified as definite, probable, or possible cases
of TBM as per the uniform case definition for use in clinical
research proposed by Marais et al.[7] TBM was staged using the
modified criteria of the British Medical Research Council[8] to
determine the severity of TBM: Stage 1 TBM (Glasgow coma
scale [GCS] 15 prodromal with no neurologic symptoms),
Stage 2 TBM (GCS 11–14 or GCS of 15 with focal neurologic
deficit), and Stage 3 TBM (GCS <11).[8]

Treatment
We started antitubercular therapy in all patients with
isoniazide, rifampicin, pyrazinamide, and ethambutol as per
the National Guidelines for Diagnosis and Treatment of
Pediatric Tuberculosis.[9] All patients received prednisolone
orally at a dose of 2 mg/kg/day in divided doses for 4–6 weeks,
followed by a tapering dose over the next 2 weeks. Intravenous
mannitol 12.5% was used for the treatment of cerebral edema.
As per the protocol, all patients received intravenous 0.9%
saline with 5% dextrose (with added potassium) as the
maintenance fluid.
In addition to neurological status, all patients were monitored
for body weight, urine output, signs of dehydration,
serum electrolytes, blood urea nitrogen (BUN), serum
creatinine, and urinary sodium. A central venous line was
placed if volume status could not be determined clinically
(in 22 of the 75 patients). Hyponatremia was diagnosed if
the serum sodium was <135 mEq/L.
In patients with hyponatremia, mannitol was discontinued if
in use. A diagnosis of CSWS was made if there was persistent
hyponatremia, 48 h after discontinuation of mannitol, with
clinical signs of dehydration or central venous pressure (CVP)
<5 cm of water, low blood pressure, urine output >4 ml/kg/h,
and urinary sodium >40 mmol/L. SIADH was diagnosed
if there was hyponatremia with no signs of dehydration or
CVP >6 cm of water, normal blood pressure, urine output
2 ml/kg/h or less, and urinary sodium >40 mmol/L.
In patients with CSWS, we restored intravascular volume with
normal saline. Hyponatremia was corrected using 3% saline.
In patients with hyponatremia, serum sodium was monitored
six hourly (or more frequently if indicated). Any subsequent
value of serum sodium of <135 mEq/L was corrected again
with 3% saline. Fludrocortisone was started at a dose of
0.1–0.2 mg twice a day in patients requiring more than one
correction per day. It was weaned and stopped over 3 days
if serum sodium was normal and urine output had dropped
to 2 ml/kg/h or less. Potassium supplements were given to
patients on fludrocortisone who developed hypokalemia. All
patients were followed up till discharge or death.
Demographic data, clinical and laboratory features, course,
and outcome (survival or death) were entered on a case record
form. Patients were included in the study after taking signed
informed consent from the parent or guardian. The study was
approved by the Institutional Ethics Committee.

Results
Seventy‑five of 102 patients with TBM seen during the
study period fulfilled the inclusion criteria. Table 1 gives the
clinical profile of these children: 57.33% were <5 years of
age. Though CSF was stained for AFB, and AFB culture was
done in all patients, there were no positive smears or cultures.
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Bacterial cultures of CSF were sterile in all the patients.
Facilities for nucleic acid amplification test were not available
in our hospital. Hence, as per the “uniform case definition of
TBM for use in clinical research” proposed by Marais et al.,[7]
we had no “definite” cases of TBM. No patients with Stage 1
TBM were seen. Ours is a tertiary referral hospital and hence

we tend to see patients with more severe disease. This may
also reflect a delay in diagnosis. There was no HIV‑positive
patient in this cohort.
Twenty‑nine patients developed hyponatremia within 1–7 days
of admission. Table 2 gives the etiology of hyponatremia in
these patients. In children with hyponatremia, the lowest
values recorded for serum sodium ranged from 114 to 125
mEq/L. In patients with CSWS, though there was much
fluctuation in weights on a day‑to‑day basis, there was a net
weight gain ranging from 7% to 13% between weights at onset
and after resolution of hyponatremia.

Table 1: Profile of children admitted with newly
diagnosed tuberculous meningitis
Features

Number
(percentage)

Age
3 months to 1 year
1-5 years
5-12 years
Sex
Male
Female
Clinical features
Fever
Convulsions
Altered sensorium
Vomiting
History of contact with tuberculosis
History of having received BCG vaccine
Moderate‑to‑severe malnutrition
Mean duration symptoms prior to admission (days)
Classification of TBM as per uniform case
definition[7]
Definite
Probable
Possible
Stage of TBM (BMRC)
Stage 1
Stage 2
Stage 3
Investigations
Positive Mantoux test
Chest X‑ray suggestive of tuberculosis
Cerebrospinal fluid examination findings
Raised protein (>45 mg/dL)
Decreased sugar (<60% of blood glucose)
Lymphocytic predominance
Polymorphonuclear predominance
CT scan brain findings
Hydrocephalus
Basal exudates
Tuberculoma
Mean hematocrit
Mean BUN (mg/dl)

13
30
32

Twenty‑nine of 66 patients with hydrocephalus developed
hyponatremia. All patients with hyponatremia had had Stage
2 or 3 TBM with hydrocephalus. In 19 patients, hyponatremia
resolved within 48 h of discontinuation of mannitol. Ten
patients with persistent hyponatremia (beyond 48 h of
discontinuation of mannitol) had CSWS. There were no
patients with SIADH.

42
33
75 (100)
64 (85.3)
64 (85.3)
34 (45.3)
35 (46.7)
56 (74.6)
53 (70.7)
9±4.7

The laboratory features of children with CSWS are summarized
in Table 3. Clinical features in patients with CSWS (n = 10)
were low blood pressure (n = 10), prolonged capillary refill
time (n = 5), and loss of skin turgor (n = 8). CVP was
decreased in 6 of 22 patients, in whom CVP monitoring was
done, all with CSWS.

0
72 (96)
3 (4)

Discussion

0
17 (22.7)
58 (77.3)

Twenty‑nine of seventy‑five patients with TBM and
hydrocephalus developed hyponatremia. Nineteen of these
responded to discontinuation of mannitol with serum sodium
returning to normal within 48 h. Ten of our twenty‑nine
patients had persistent hyponatremia which was secondary to
CSWS. All of these patients had hydrocephalus and required
emergency shunt surgery within 2–4 days of admission.
There was no patient with SIADH. Mortality in patients
with hyponatremia was 51.72% as compared with 13.04% in
patients without hyponatremia (relative risk of 3.97).

28 (37.3)
35 (46.7)
59 (78.7)
27 (36)
52 (69.3)
23 (30.7)
66 (88)
69 (92)
8 (10.7)
30±3.8
8.9±2.7

Hyponatremia in the neurologic patients may be caused by
various factors such as use of diuretics and hypotonic solutions
and comorbid factors such as diarrhea. These should be
promptly identified and addressed as soon as possible. None

BCG: Bacille Calmette-Guérin, TBM: Tuberculous meningitis, BMRC: British
Medical Research Council, CT: Computed tomography, BUN: Blood urea nitrogen

Table 2: Etiology of hyponatremia in children admitted with newly diagnosed tuberculous meningitis (n=29)
Etiology of hyponatremia

Hyponatremia corrected by
discontinuation of mannitol
CSWS
SIADH
Total

Stage 1 TBM

Stage 2 TBM

Stage 3 TBM

Total

Without hydrocephalus

With hydrocephalus

Without hydrocephalus

With hydrocephalus

0

0

4

0

15

19

0
0
0

0
0
2

0
0
2

0
0
0

10
0
25

10
0
29

Of 66 patients with hydrocephalus, 29 developed hyponatremia; in 19 patients, it resolved on discontinuation of mannitol. CSWS was present in ten patients. All patients who
developed hyponatremia had hydrocephalus. CSWS: Cerebral salt wasting syndrome, SIADH: Syndrome of inappropriate antidiuretic hormone secretion, TBM: Tuberculous
meningitis
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Table 3: Features of children with cerebral salt wasting syndrome
Age in months/sex

10/female
9/female
26/male
38/male
72/male
12/male
60/female
14/male
35/female
48/female

Lowest serum
(Na+ mEq/L)

Highest urinary
(Na+ mEq/L)

BUN
(mg/dL)

Serum creatinine
(mg/dL)

Highest urinary volume
(ml/kg/day)

Days of hyponatremia

Outcome

115
118
117
120
114
115
119
116
118
117

188
201
175
165
204
168
108
104
112
101

11.8
12.6
11.4
12.7
13.5
11.7
12.9
10.8
12.0
12.2

0.3
0.5
0.6
0.5
0.7
0.4
0.8
0.5
0.6
0.7

8
6
8
7
9
6
7
6
8
7

3
7
2
10
27
17
3
12
2
3

Died
Survived
Died
Survived
Survived
Survived
Died
Survived
Died
Died

BUN: Blood urea nitrogen, CSWS: Cerebral salt wasting syndrome

of our patients had diarrhea. As per the protocol, we do not
use hypotonic fluids for maintenance therapy in any patient.
All patients received 0.9% saline with 5% dextrose (with
added potassium).
Mannitol is an osmotic diuretic and causes hyponatremia
secondary to an increase in plasma osmolality leading to
extracellular fluid expansion, inhibition of renal sodium
absorption and natriuresis. CSWS or SIADH was considered
in the diagnosis only 48 h after discontinuation of mannitol,
if there was persistent hyponatremia.
Two main mechanisms of hyponatremia, SIADH and CSW
syndrome, account for hyponatremia in patients with
neurologic diseases. In 1957, Schwartz et al. described the
SIADH secretion.[10] They observed patients with chronic
hyponatremia and urinary wasting of sodium and speculated
that the cause was release of ADH in amounts inappropriate
to the prevailing low‑circulating sodium level. Seven years
earlier, Peters et al. had coined the term CSWS to denote
patients with intracranial disease, who developed extracellular
fluid volume depletion due to a renal sodium transport
abnormality.[11] However, CSWS as a cause of hyponatremia
was abandoned after 1957 in favor of the newly described
SIADH. It has become evident, however, that inappropriate
antidiuresis is less common than assumed from previous
studies.[12‑16]
The mechanisms by which intracranial disorders lead to
renal salt wasting are poorly understood. Two possible
mechanisms have been suggested.[12‑14] The first mechanism
suggested is that impaired sympathetic neural input causes
a reduction in proximal sodium and urate re‑absorption and
the impaired release of renin and aldosterone. The second
theory is that there is release of a circulating factor ‑ B‑type
natriuretic peptide, once known as “brain natriuretic peptide”
that impairs renal tubular sodium re‑absorption in patients
with brain injury. More recent observations suggest that
adrenomedullin, a further natriuretic factor, might mediate
renal salt wasting.[17]
Sodium imbalance has been reported in 21–66% of the
patients with acute CNS infections.[4,5,18-21] Earlier authors

have studied hyponatremia in patients with TBM and
attributed it to SIADH. [4,18] However, their studies did
not consider the effective blood volume and urine output,
and hence CSWS was not considered at all. Ten of our
twenty‑nine patients with hyponatremia had CSWS. All of
these patients were admitted in Stage 3 TBM and all had
hydrocephalus requiring shunt surgery. There were no patients
with SIADH. There are numerous case reports which suggest
that CSWS is a more common cause of hyponatremia than
SIADH in patients with TBM.[22‑27]
It is important to distinguish between CSWS and SIADH
since the treatment regimens in the two are quite different.
CSWS has to be treated with vigorous fluid and sodium
replacement, whereas in SIADH, fluid restriction is required.
Both disorders are commonly associated with neurologic
diseases and there may be overlapping laboratory findings.
Volume status tends to be normal or slightly increased in
SIADH, whereas it is decreased in CSWS.
Laboratory findings reflecting hemoconcentration such
as elevated hematocrit and BUN levels can provide
further support for the diagnosis of CSWS. Fifty‑three
of our seventy‑five (70.6%) patients with TBM had
moderate‑to‑severe malnutrition and this could explain the
mean BUN of 8.9 ± 2.4 mg/dL. The mean BUN in patients
with CSWS was 12.16 ± 0.79 mg/dL, and though higher,
it was still in the normal range. Since the premorbid values
of BUN in these patients were not available, it was difficult
to determine whether they reflected hemoconcentration
in a given patient. Hence, the only helpful measures in
differentiating SIADH from CSWS in our study were the
volume status and urinary output.
The overall mortality was 28% in our study. Mortality in
children with hyponatremia was 51.72% as against 13.04%
in those without hyponatremia. Hyponatremia has been
reported to be associated with a 1.5‑fold higher in‑hospital
mortality rate than patients without hyponatremia.[28]
In the past, restriction of fluids was recommended in patients
with CNS disease. This was based on the belief that SIADH
was the cause of hyponatremia and this could be prevented
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or corrected by fluid restriction.[4,19,29] In bacterial/TBM, the
prevalence of hyponatremia, hypo‑osmolality, and SIADH
has varied widely, and nonosmotic stimuli for the secretion
of ADH such as raised intracranial pressure and hypovolemia
have been shown to be present in most patients.[4,5,19] There is
no evidence that fluid restriction reduces the cerebral edema
in meningitis. Fluid therapy in acute CNS infections should
aim at avoiding hypo‑osmolality based on the assumptions
that ADH is increased by nonosmotic stimuli, and elevated
ADH is less detrimental for cerebral edema than severe
hypo‑osmolality.[29] Hypovolemia should also be addressed
aggressively since it can result in decreased cerebral perfusion
in these patients.[30]
None of our patients had a confirmed diagnosis of TBM,
and this is a serious limitation of this study. Furthermore,
the number of patients with CSWS was small, thus limiting
generalization. In addition, we had no long‑term follow‑up,
especially neurological evaluation in survivors.

Conclusion
However, hyponatremia is a serious metabolic consequence
of TBM. CSWS and not SIADH was seen in our patients.
It is important to monitor urine output, serum and urine
electrolytes (especially sodium) in all patients with TBM.
Distinguishing between CSWS and SIADH is critical in these
patients since treatment of the two conditions is radically
different.
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Letters to Editor

Sedation for magnetic resonance
imaging in a child with lingual
venolymphatic malformation
Sir,
The number of diagnostic and therapeutic
procedures performed outside the operation theatre
has increased over the last decade and providing
anaesthesia and sedation will be a real challenge
to the anaesthetisiologists. Sedation for magnetic
resonance imaging (MRI) procedures in children adds
a substantial risk in younger children. This is more so
in paediatric patients with difficult airway.[1]
A 4 years male child weighing 16 kg presented
to paediatric department with a huge swelling of
tongue since birth. He had undergone resection
of the same at 6 months of age which had recurred
(size approximately around 6 cm × 4 cm). He had
difficulty in speech and feeding, and, of course,
cosmetic issue to his family and society. Paediatricians
suspected venolymphatic malformation and to
confirm the diagnosis child was advised MRI neck.
During preanaesthetic evaluation, we noted the
profusely enlarged tongue which was protruding
out of oral cavity [Figure 1]. The child was unable to
protrude his tongue as it was covering the entire oral
cavity. Availability of all emergency drugs and difficult
airway cart including fibreoptic bronchoscope were
confirmed in the MRI suite.
Parental consent was obtained, and the child was fasted
for 6 h for solids and 2 h for clear liquids. Monitoring
with pulseoximeter and electrocardiogram (ECG) were
initiated, and baseline heart rate (HR), and blood
pressure were recorded. Intranasal dexmedetomidine
1 µg/kg and eutectic mixture of lignocaine and
prilocaine cream was applied 30 min before securing
a 22 gauge intravenous cannula over dorsum of the
left hand. Injection glycopyrrolate 10 µg/kg was
administered. Oxygen through nasal prongs was
delivered at 2 L/min. Injection dexmedetomidine 0.5
μg/kg (IV)was administered over 10 min. The sedated
child was taken to MRI console (Ramsay sedation
score of 5).[2] An MRI compatible monitor was used to
monitor HR, ECG and oxygen saturation and respiration
through a sidestream capnography continuously and
patient remained stable throughout the procedure
lasting for 20 min. In the recovery room, the child was

a

b

Figure 1: (a and b) Profusely enlarged and protruding tongue

made to lie in the left lateral position. Monitoring and
oxygen supplementation were continued. The child
made an uneventful recovery from sedation.
Venolymphatic malformations are slow‑flow lesions
that are a combination of dilated lymphatic channels
filled with proteinaceous fluid and large veins. These
can be difficult to separate from other low flow lesions
such as lymphatic malformations and haemangiomas
on certain imaging, especially ultrasound. The
presence at birth favours venolymphatic malformation,
although the other two do occur at birth.[3] Computed
tomography and MRI are used for volumetric analysis
of haemangiomas and vascular malformations. Imaging
resources are useful in both diagnostic differentiation
and analysis of lesion features with regard to its size,
extension and location, as well as for follow‑up of
lesions treated under a systemic therapy.[4]
MRI suite is unlikely to be a favourable place to give
sedation or anaesthesia for many reasons. Patient’s
distance from anaesthesiologist creates problems
such as airway management, intravenous access,
patient visualisation and monitor attachment.[5] MRI
compatible machines and airway instruments are
required and patients may suffer due to claustrophobia,
noisy unfamiliar environment, hypothermia, and
strong magnetic field.
Children require moderate to deep sedation during MRI
procedures to avoid movement and image distortion.
The potential complications of deep sedation
include hypoventilation, apnoea, airway obstruction,
bradycardia and hypotension. An appropriate drug
which causes minimal cardiorespiratory depression
has to be used. Dexmedetomidine (a highly selective
α2‑adrenoreceptor agonist) as a sedative agent will
provide a controllable sedation and analgesia without
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cardiorespiratory depression.[6] An interesting feature
regarding oral use of dexmedetomidine is that after oral
administration for paediatric sedation, the absorption
is to the extent of 82%.[7] Although dexmedetomidine
and propofol provide adequate sedation in children,
propofol provides more rapid rates of anaesthetic
induction and recovery but dexmedetomidine better
preserves mean arterial pressure and respiratory rate.[8]
Thus, we conclude that drugs which provide a
controlled
sedation
without
cardiorespiratory
depression like dexmedetomidine can be very useful
for sedation in paediatric patients with difficult airway
outside operation theatre.
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acute myocardial ischaemia caused by intramyometrial
administration of methylergonovine maleate during
caesarean section.

Sir,
Ergonovine is used in obstetric practice and as a
diagnostic agent in cardiac catheterisation laboratories.
This drug may precipitate acute myocardial infarction
due to prolonged coronary spasm.[1] We report a case of

A healthy, 28‑year‑old woman (height 155 cm,
weight 76 kg, gravida 2, para 2) at 38 weeks
gestation underwent an emergency lower section
caesarean section (LSCS) due to scar tenderness of
previous LSCS. She had no history of preeclampsia,
migraine and risk factors for coronary heart
disease such as smoking, diabetes mellitus,
hypertension, hyperlipidaemia and obesity. Spinal
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Comparison of preanesthetic sedation in pediatric patients with
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Abstract
Background and Aims: Preoperative anxiety in children leading to postoperative negative changes and long-term behavioral
problems needs better preanesthetic sedation. Across the world, midazolam is the most commonly used premedicant in pediatric
patients. The fact that no single route has achieved universal acceptance for its administration suggests that each route has its
own merits and demerits. This study compares oral midazolam syrup and intranasal midazolam spray as painless and needleless
systems of drug administration for preanesthetic sedation in children.
Material and Methods: With randomization, Group O (30 children): Received oral midazolam syrup 0.5 mg/kg and Group
IN (30 children): Received intranasal midazolam spray 0.2 mg/kg. Every child was observed for acceptance of drug, response
to drug administration, sedation scale, separation score, acceptance to mask, recovery score and side effects of drug. Data were
analyzed using Student’s t-test, standard error of the difference between two means and Chi-square test.
Results: In Group O and IN, 15/30 children (50%) and 7/30 children (23%) accepted drug easily (P < 0.05); 4/22 children
(18%) in Group O and 11/20 children (55%) in Group IN cried after drug administration (P < 0.05). In both the groups, sedation
at 20 min after premedication (Group O [80%] 24/30 vs. Group IN [77%] 23/30), parental separation and acceptance to mask
were comparable (P > 0.05); 12/30 children (40%) in Group IN showed transient nasal irritation.
Conclusion: Oral midazolam and intranasal midazolam spray produce similar anxiolysis and sedation, but acceptance of drug
and response to drug administration is better with oral route.
Key words: Children, intranasal spray, midazolam, oral, preanesthetic sedation

Introduction
In preschool children, preoperative anxiety is likely to predispose
to emergence delirium, sleep disturbances and behavioral
changes postoperatively. To prevent preoperative anxiety of
parental separation, pharmacological intervention by adequate
pediatric sedation before induction of anesthesia was found to
be more effective than behavioral intervention.[1-3] Midazolam,
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an ideal anxiolytic removes fear and anxiety in children;
and makes child calm and sedated for smooth induction of
anesthesia and rapid recovery in postoperative period.[4]
Though it is administered by intravenous, intramuscular, rectal,
sublingual, oral, and nasal routes, oral and intranasal routes
are preferred for pediatric sedation.[5-8]
Earlier studies on midazolam by oral and intranasal routes used
parenteral preparation of the drug. For intranasal route, it was
used in the form of drops. Their results showed equal efficacy
oral and intranasal midazolam or superiority of intranasal
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midazolam.[7,9,10] Bitter taste of parenteral form of midazolam,
a limitation factor and cause for rejection and low compliance by
oral route, is overcome by giving midazolam in syrup form.[10,11]
For intranasal route, the problem of volume retention in nasal
cavity and effective dose availability is solved using concentrated,
atomized nasal midazolam spray to have slow and uniform
spraying of drug.[12,13] However, comparative studies of these
two forms are meager.
We used oral midazolam syrup and intranasal midazolam spray as
a needleless, painless, user friendly system of drug administration
and aimed to compare the efficacy of midazolam for preanesthetic
sedation in pediatric patients. We compared effects of oral
midazolam syrup and intranasal midazolam spray on sedation
and anxiety of child before induction of anesthesia. Hypothesis put
forward was that, there would not be difference in sedation level,
anxiety level, acceptance of drug, drug response, hemodynamic
changes, recovery, and complications when oral midazolam syrup
or intranasal midazolam spray was used for pediatric sedation.

Material and Methods
After obtaining approval from Hospital Ethics Committee,
a pilot study was conducted on 10 children from each group
(oral and intranasal) to determine sample size. Sample size
was determined with the help of software based on WHO
publication “Sample size determination in Health Studies” by
Lwanga and Lameshow.[14] Outcome parameter considered
was satisfactory sedation score at 20 min. Six out of 10
children in oral group and 9 of 10 children in intranasal group
developed satisfactory sedation score of 3 of more at 20 min
of administration. A sample size of 18 for each group was
adequate to allow power of 80 to detect a difference of 15
between the groups. To generalize the results, we selected a
larger size of 30 children in each group.
This prospective, randomized, clinical study was carried out at
a tertiary health care hospital during Sept 2011 to April 2012.
Sixty American Society of Anesthesiologists physical status I
children of 1-5 years age group, weighing 8-18 kg scheduled
for routine surgeries lasting for <75 min were included in
this study. Preanesthetic evaluation was done and patients
having upper gastrointestinal tract pathology, nasal infection
or any nasal pathology, cyanotic spells, allergy to study drug,
taking any other sedative or anti-convulsant medicine were
excluded as response to drug may be altered. Investigations
like hemoglobin concentration, blood cell count, and urine
examination were carried out in all the patients. Blood urea
and serum creatinine levels were obtained in patients who were
posted for genitourinary surgical procedures. Written informed
consent was obtained from the child's parents. To avoid selection
354

bias, odd number children received intranasal midazolam spray
and even number children received oral midazolam syrup.
All the patients were fasted for 4 h for breast milk and 6
h for nonhuman milk or light meal.[15] No child received
any form of sedation before arrival in the operating room.
Baseline sedation score was noted using 5-point scale.[16]
After recording baseline pulse rate, respiratory rate, blood
pressure and arterial oxygen saturation, Group O received
oral midazolam syrup 0.5 mg/kg (2 mg/ml); Group IN
received intranasal midazolam spray 0.2 mg/kg with half
the dose administered in each nostril (5 mg/ml, each spray
delivered 0.1 ml or 0.5 mg). The premedication was given
either by the attending anesthesiologist or one of the parents
using measuring cap or atomized nasal spray. While receiving
oral midazolam or intranasal midazolam spray, the child sat
facing forward on the parent’s lap while their arms were gently
restrained by one parental hand and the other hand used to
tilt the forehead back 15°.
Acceptance of drug was noted as poor (refused to accept
medication) - Score 1, moderate (accepted medication with
difficulty) - Score 2, or good (accepted medication without
complaint) - Score 3.[17] Children who were crying before drug
administration were excluded from the observation of response
to drug administration. Response to drug administration was
noted as yes or no, depending on whether the child started
crying after administration of drug.
The child was observed in the preoperative room for 20 min
and state of sedation, and vital parameters were recorded at 5
min interval. Sedation score was labeled as 1, 2, 3, 4 or 5 by
observing the sedation status of child as agitated, alert, calm,
drowsy or asleep respectively. Sedation Score 1 and 2 were
considered as unsatisfactory while sedation Score 3, 4, and
5 were considered as satisfactory.[16] Complications such as
nausea, vomiting, nasal irritation, hypoxia and hypertension
were noted in both the groups and treated accordingly.
20 min after drug administration the child was separated from
the parent and ease of separation noted as excellent, good, fair
and poor. Separation Score 1 (patient un-afraid, co-operative)
and Score 2 (slight fear or crying, quiet with assurance) were
considered as satisfactory or acceptable and Score 3 (moderate
fear, crying not quiet with assurance) and Score 4 (crying,
need for restraint) were considered as unsatisfactory or said
to have a difficult separation.[18]
In the operation theater, to set up an intravenous line,
gaseous induction was done uniformly with oxygen and
sevoflurane (4-8%) mask. Acceptance to mask or response
to gaseous induction was noted using 3-point criteria.
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The quality of anesthetic induction was evaluated as
excellent, good or poor and score given was 1, 2, or 3.
Score 1 and 2 were considered as satisfactory and score
3 was considered as unsatisfactory acceptance of mask.
[17]
In all patients, surgery was carried out under general
anesthesia with endotracheal intubation. Vital parameters
(pulse rate, blood pressure, SpO2) were recorded during
intraoperative period. After extubation, patient was shifted
to recovery room.
In the recovery room, vital signs (pulse rate, respiratory
rate, blood pressure, SpO 2) were monitored until the
child was fully awake. Using a 10-point recovery room
score (which included respiration, activity, consciousness,
temperature and circulation, each on a scale of 0-2, to
give a maximum cumulative total of 10, [19]) recover y
assessment was done at 10 min intervals for 30 min
from the time of extubation. Recovery score of 8 or more
considered satisfactory and time taken for it was noted.[20]
In postoperative period, the children were followed up for
24 hours to observe nausea, vomiting, nasal irritation,
ulceration, etc.
All data are presented as mean ± standard deviation,
and/or number. Demographic data were analyzed by t-test
and Chi-square test. Acceptance of drug, response to drug
administration, sedation scale, parental separation and
response to gaseous induction was analyzed by Chi-square
test. Hemodynamic changes and anesthesia recovery was
assessed by standard error of difference between two
means and t-test. P < 0.05 was considered statistically
significant.

Results
In demographic data, age, weight and duration of anesthesia
were comparable (P > 0.05) in both the groups [Table 1].
Male children outnumbered female children (43 vs. 17) in
this study.
In both the groups, crying children except 1 child in Group
IN were settled down at 15 min of drug administration.
Baseline sedation score was comparable in both the
groups and it ranged in between 1 and 2. At 20 min after
premedication, 24/30 (80%) patients in Group O and
23/30 (77%) patients in Group IN had showed satisfactory
sedation that is, sedation score of 3 or more [Table 2].
Totally, 23/30 (77%) patients in Group O and 22/30 (73%)
patients in Group IN showed acceptable parental separation
(Score 1, 2) and 23/30 (77%) patients in Group O while

26/30 (87%) patients in Group IN showed satisfactory
acceptance to mask (Score 1, 2) (P > 0.05) [Table 3 and 4].
There were no significant differences in baseline vital
parameters. Changes that occurred in vital parameters after
sedation, during intraoperative period and postoperative
period were statistically nonsignificant (P > 0.05). Recovery
score at 10 min, 20 min, and 30 min was similar in both the
groups and all children in both the groups attained score of
10 at 30 min postoperative period.
Transient nasal irritation in the form of rubbing of the nose,
watering, sneezing and lacrimation was observed in 12/30
(40%) patients of Group IN. There was no redness or
ulceration observed in postoperative period [Table 5].

Discussion
Oral midazolam in the dose of 0.5 mg/kg is a safe and
effective mode of premedication than that of 0.75 mg/kg and
1 mg/kg which gives no additional benefit, may cause more side
effects.[18] Nasal administration of midazolam may be in the
form of drops, nasal spray or nebulization.[12,13,16,21] Intranasal
midazolam has been used in the doses of 0.2, and 0.3 mg/kg,
but found no additional benefits from higher dosage and
recommended the lower dose of midazolam 0.2 mg/kg.[16,22]
Similarly in other studies, intranasal midazolam spray was
used in the dose of 0.2 mg/kg[23] while a mucosal atomizer
device was used to administer midazolam intranasally in the
dose of 0.4 mg/kg.[13] Concentrated, atomized midazolam
spray ensures accurate drug delivery, covers larger nasal
mucosal area and increases bioavailability maximally.[12]
We used oral midazolam syrup in the dose of 0.5 mg/kg
and intranasal midazolam spray in the dose of 0.2 mg/kg of
body weight.
We observed good acceptance and better response to
drug administration in Group O than in Group IN. In
similar comparative study, while accepting the drug, less
anxiety was observed in oral midazolam group than in
intranasal midazolam group as 44% children in oral group
were quiet. Nasal midazolam was also found to be more
irritating than rectal and sublingual route.[7] Children were
Table 1: Demographic data
Parameters
Age (years)
Sex (male/female)
Weight (kg)
Duration of anesthesia (min)

Mean ± SD (n = 30)
Group O
Group IN
3.2±1.3
3.2±1.2
20/10
23/07
12.8±2.9
12.3±2.2
52.8±12.5
57.3±14.0

SD = Standard deviation
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even distressed by instillation of normal saline into nasal
cavity though they were settled very rapidly in presence
of their parents.[16]
Earlier study has stated that child can be separated as
early as 10 min after oral midazolam (0.5 mg/kg).[24]
Significant anxiolytic effects of oral midazolam were observed
at 15 ± 4 min of its administration.[25] With intranasal
midazolam, significant changes in sedation were found as
early at 5 min[16] and separation from parents was said to be
possible at 10 min. Demonstrable high plasma concentration
was at 14 ± 5 min.[12] Others found maximum sedation and
anxiolysis at 20 min in intranasal group while at 30 min for the
oral group.[7] To avoid bias and incongruence with the earlier
studies, we observed children for sedation level for 20 min
and then separated them from their parents.
Earlier assessors used a 3-, 4- or 5-point sedation scales to
assign sedation score.[8,16,18] In our study, 5-point sedation
scale was used to measure sedation. Satisfactory sedation
score at 20 min of oral or intranasal midazolam premedication
was comparable. The sedation status in our study was
comparable with observed 91% and 85% sedation of earlier
studies.[23,25]
The most important criterion of a satisfactory premedicant
for preschool children is its ability to facilitate the separation
of child from parents. Other studies reported, 78%, 89%,
70% satisfactory separation with 0.5 mg/kg oral midazolam
and 91%, 80% with intranasal midazolam.[22,24-26] In our
study, comparable satisfactory acceptance to mask was
observed. In earlier studies, similar response was there to
oral midazolam (80-90%)[18] and to intranasal midazolam
(60%, 80%).[22,27] Reduced anxiety and similar acceptance
to mask (75%) with either oral or intranasal midazolam has
also been noted.[7,10]
Monitoring throughout the period of drug action is often
necessary. Postsedation vitals, intraoperative vitals and
duration of surgery were comparable in both the groups.

While studying effects of oral and intranasal midazolam,
investigators observed that vital signs remained stable with
medication before and after surgery.[7,9] Others found stable
vitals during study on oral midazolam.[18]
Detectable preoperative sedation is predictive of delayed
emergence and midazolam premedication does not affect
intraoperative BIS, emergence times or recovery times.[28] In
our study, recovery score for oral versus intranasal midazolam
at 10 min (8.8 ± 1.0 vs. 8.5 ± 1.1), 20 min (9.6 ± 0.6 vs.
9.2 ± 0.8), and 30 min (10 ± 0 vs. 10 ± 0) was comparable
(P > 0.05). In one study on intranasal midazolam, recovery
assessment using 10-point recovery room score at 10 min
interval for 30 min found score 6 at 10 min, score 9 at 20 min
and score 9 at 30 min.[16] Another study observed recovery
score of 7.2 ± 0.4 (10 min), 8.9 ± 0.8 (20 min) and 10
± 0 (30 min).[22]
In our study, nasal irritation was observed in patients
of Group IN. Nasal side effects have been reported
differently in intranasal midazolam studies such as nasal
irritation (20/31), nasal discomfort 17/38 (45%), intense
burning. [22,29] One study obser ved nasal irritation in
up to 77% of patient. [7] We observed low incidence of
nausea and vomiting as in other studies. [16] Hypoxia and
hypertension were not observed in any of the groups of
present study.
Acceptability of nasal drops as well as nasal spray is poor
and is not recommended in children. The recall of horrible,
unpleasant response could make the child more fearful of
another visit to hospital.[30] Four percent topical lignocaine
spray[29] and formulation in aqueous cyclodextrin buffer
solution have been tried to reduce the nasal irritation due
to acidic midazolam.[31]
Lack of blinding could be a cause for bias in our study.
Thus, we conclude that, oral midazolam and intranasal
midazolam spray produce similar sedation and anxiolysis in

Table 2: Number of children at different time interval of midazolam sedation
Sedation
score
1 (agitated)
2 (alert)
3 (calm)
4 (drowsy)
5 (asleep)

0

5

Group O Group IN
10
09
20
21
0
0
0
0
0
0

Group O Group IN
10
11
20
19
0
0
0
0
0
0

Sedation scale (min)
10
Group O Group IN
08
06
20
19
02
05
0
0
0
0

15
Group O Group IN
00
01
12
12
18
17
0
0
0
0

20
Group O Group IN
0
0
06
07
19
19
05
04
0
0

χ2 = 0.9820, P = 0.7540
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Table 3: Separation score at 20 min of midazolam sedation
Separation
score
1
2
3
4
Total

Number of children
Number (%)
Group O
Group IN
Total
11 (37)
09 (30)
20 (33)
12 (40)
13 (43)
25 (42)
03 (10)
07 (23)
10 (17)
04 (13)
01 (3)
05 (8)
30 (100)
30 (100)
60 (100)

4.
5.

6.

7.

χ2 = 0.08889, P = 0.7656

8.
Table 4: Comparison of acceptance to mask
Score

1
2
3
Total

Number of children
Number (%)
Group O
Group IN
Total
09 (30)
08 (27)
17 (28)
14 (47)
18 (60)
32 (53)
07 (23)
04 (13)
11 (18)
30 (100)
30 (100)
60 (100)

χ2 = 1.002, P = 0.3169

9.

10.

11.
12.

Table 5: Incidence of complications
Complications
Nausea
Vomiting
Nasal irritation
Hypoxia
Hypertension
Total

Group O
1 (3)
3 (10)
0
0
0
4 (13)

Number (%)
Group IN
1 (3)
2 (7)
12 (40)
0
0
15 (50)

Total
2 (3)
5 (8)
12 (20)
0
0
19 (32)

preschool children, but acceptance of drug and response to
drug administration is better in oral route. Nasal irritation
is the issue of concern in case of intranasal midazolam use,
which warrants future studies.
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Abstract
To reduce the many adverse health outcomes associated with intimate
partner violence (IPV), high-risk groups need to be specifically targeted in
the fight against domestic violence in India. This study aims to examine the
prevalence and correlates of IPV in HIV-positive and HIV-negative women
from India. A convenience sample of HIV-positive and HIV-negative women
responded to questionnaires to assess their experience and perception
of violence. Multivariate logistic regression analysis was used to model
the association between IPV and age, education, employment status,
contraception use, age at first marriage, and HIV status. Although adjusting
for age, education, employment status, contraception use, age at first
marriage, and HIV status, women who are employed were 3.5 times more
likely to suffer IPV (confidence interval [CI] = [1.5, 8.5]), women aged 18 or
above at first marriage are 0.3 times less likely to face IPV (CI = [0.1, 0.6]),
and women who use contraception are 7 times more likely to suffer IPV
(CI = [1.4, 30.2]). Also, HIV-positive women are 3 times more likely to face
sexual violence compared with HIV-negative women (CI = [1.1, 7.6]).

1University
2KLE

of South Carolina, Columbia, USA
University, Belgaum, Karnataka, India

Corresponding Author:
Hrishikesh Chakraborty, University of South Carolina, 915 Green Street, Suite 449, Columbia,
SC 29208, USA.
Email: rishic@mailbox.sc.edu

Downloaded from jiv.sagepub.com at PENNSYLVANIA STATE UNIV on March 5, 2016

2

Journal of Interpersonal Violence 

Keywords
interpersonal violence, HIV, correlates of violence, domestic violence

Introduction
The dual epidemic of HIV and intimate partner violence (IPV) is a global
phenomenon affecting millions of women (Aklimunnessa, Khan, Kabir, &
Mori, 2007; Babu & Kar, 2009; Koenig, Ahmed, Hossain, & Mozumder,
2003; Naved & Persson, 2005). The World Health Organization (WHO)
reports that 15% to 71% of women faced IPV (including both physical and
sexual violence) at some point in their lives thus placing them at a high risk
of acquiring HIV infection (Garcia-Moreno, Jansen, Ellsberg, Heise, &
Watts, 2006). This is a growing public health concern because victims of IPV
are at high risk for adverse health outcomes beyond the physical injury caused
by the IPV (Babu & Kar, 2009; Chandrasekaran, Krupp, George, &
Madhivanan, 2007; Ellsberg, Jansen, Heise, Watts, & Garcia-Moreno, 2008;
Koenig, Ahmed, et al., 2003; Mahapatro, Gupta, & Gupta, 2012; Martin,
Tsui, Maitra, & Marinshaw, 1999; Spiwak, Afifi, Halli, Garcia-Moreno, &
Sareen, 2013).
In India, the national adult HIV prevalence has declined from 0.41% in
2000 to 0.27% in 2011 (National AIDS Control Organization [NACO],
2010). The estimated number of new HIV infections has also declined from
270,000 in 2000 to 116,000 in 2011 (NACO, 2010). Although new HIV
infections have declined by more than 57% over the past decade, in 2011,
women still account for about 39% (.816 million of the 2.09 million) of people living with HIV and AIDS in India (NACO, 2010).
Researchers, clinicians, and public health personnel are increasingly becoming aware that women are more vulnerable to HIV infection partly because of
deep-rooted gender inequalities and violence (Aklimunnessa et al., 2007;
Boyle, Georgiades, Cullen, & Racine, 2009; Rao, 1997). The male-dominant
culture in India severely limits a woman’s ability to negotiate safe sex in an
intimate partner relationship and an attempt to negotiate may even incite
domestic violence (Decker et al., 2009; Ghosh & Choudhuri, 2011; Go et al.,
2003; Mahapatro et al., 2012). The National Family Health Survey–2 (NFHS
II) in India has shown that the HIV prevalence was higher among married
women indicating physical and sexual abuse within the context of marriage
(Decker et al., 2009). In such a setting it is important to understand the intersection of HIV and domestic violence because successful attempts to reduce HIV
prevalence must also entail interventions to reduce domestic violence.
There are several community-based studies examining the intersection of
HIV and violence comparing HIV-positive and HIV-negative women. Several
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studies carried out in the United States have consistently failed to find a significant difference in rates of physical, sexual, or emotional abuse by an intimate partner when comparing HIV-positive and HIV-negative women
(Burke, Thieman, Gielen, O’Campo, & McDonnell, 2005; Cohen et al., 2000;
Laughon et al., 2007). However, many other studies from sub-Saharan Africa
have found the risk of IPV to be consistently higher among HIV-positive
women (Chin, 2013; Jewkes, Dunkle, Nduna, & Shai, 2010; Kiarie et al.,
2006; Maman et al., 2002).
The aim of this study was to examine the prevalence of IPV in HIVpositive and HIV-negative women in a setting where HIV-positive women
have undergone informal social support intervention. To the best of our
knowledge, this is the first article that links HIV and IPV in a sample of HIVpositive and HIV-negative married women.

Method
Between January and June 2010, 100 married couples with at least one HIVpositive partner and 100 married couples in which neither partner was HIVpositive were asked to complete a questionnaire regarding household
characteristics, history of violence, attitude toward violence, and consequences of violence. The survey was conducted in Belgaum, Karnataka,
India.
The HIV-positive couples were recruited from Spandana, a NonGovernmental Organization (NGO) group catering to people affected with
HIV, and the uninfected couples were recruited from the Outpatients
Department at Karnatak Lingayat Education (KLE) Society Dr Prabhakar
Kore Hospital. All the couples were informed about the survey and were told
that their participation is completely voluntary and that their refusal will not
affect the treatment and care they receive at the center. They were assured
complete privacy and confidentiality regarding the personal information
shared by them. The participants spend 30 to 40 min to complete the survey.
Three couples in HIV-positive group and 10 couples in the HIV-negative
group refused to participate in the survey. The Study was approved by the
local institutional ethics committee at KLE University.
The questionnaire included sections on demographic information, partner
and household characteristics, history of violence, attitude toward violence,
and consequences of violence. The questionnaire also explored decision
making in the family, the respondents’ opinions regarding a wife’s rights, and
reasons for quarrels in the family. Respondents had the option not to answer
any question if it made them uncomfortable. Unanswered questions were
counted as missing data in our analysis and as such some of the variables in
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our tables do not add up to 100%. Respondents routinely did not answer
questions on level of income, drug-related questions, and questions asking
about violence faced in the past 6 months. These variables were excluded
from the analysis due to lack of sufficient data.
After obtaining consent from the participants, the husband and the wife
were each taken individually to a private room for the questionnaire to ensure
that the answers provided by the wives are not biased as a result of the presence of their husbands. The questionnaire was administered verbally in the
local language. After completion of the questionnaire similar counseling was
again provided to each couple. The analysis for this investigation focuses
only on the responses from the wives. For the purpose of this study, a woman
in an HIV-positive couple was analyzed in the HIV-positive group and will be
referred to as an HIV-positive woman, whether or not the woman was the
HIV-positive partner.
Demographic data collected from the wives includes age, employment
status, religion, family structure (joint or nuclear and the number of family
members in the household), number of marriages, education level, contraception use, and exposure to media. We compared the women in the HIV-positive
group and the HIV-negative group to determine if there were significant differences in socio-demographic profile. We also looked for significant differences in the percentage of women who have had quarrels with their partners,
their reason for these quarrels and the nature of assault (if any) faced by the
women in these two groups.
To indicate the level and type of domestic violence experienced by the
wives in this sample, three dependent variables (Physical Violence, Sexual
Violence, and Lifetime IPV) were created based on previous studies
(Aklimunnessa et al., 2007; Chin, 2013; Decker et al., 2009) The questionnaire asked “Were there any circumstances or family disagreement which
caused your husband to do any of the following?” Possible responses were
“Push or shake you; Throw something at you; Punch you with his hand; Kick
you or drag you; Slap you or twist your arm; Attempt to strangle, kill, or burn
you.” A woman who answered “yes” to any one of these questions was categorized as having faced physical violence (Aklimunnessa et al., 2007; Chin,
2013). A woman who was physically forced to have sexual intercourse even
when she did not want to was categorized as having faced sexual violence
(Aklimunnessa et al., 2007; Chin, 2013). A woman was identified as being a
victim of lifetime IPV if she has ever faced any form of violence, including
physical violence and sexual violence (Aklimunnessa et al., 2007; Decker
et al., 2009). Recent physical violence was defined as reporting at least one
type of physical assault in the last 12 months prior to the questionnaire.
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In addition to the history of violence, we also explored the perception of
violence in the HIV-positive and HIV-negative groups. We also compared
what the two groups perceived as appropriate husband–wife behavior in relation to domestic violence and negotiating safe sex practices.
Three multivariate logistic regression models were used to model physical
violence, sexual violence, and lifetime IPV with the wives age (<30 years,
≥30 years), education level (none, primary school, secondary school, tertiary
education), employment status (currently working or not working), age at
first marriage (<18 years, ≥18 years), contraception use (yes/no), and HIV
status (yes/no).
The p values in the tables were calculated using t tests to compare average
age, hours of work, and number of people in household. Mantel–Haenszel
tests were utilized for comparing HIV status with the variables education,
exposure to media, and contraception use. We used chi-square tests to see if
there are any differences between the HIV groups in relation to employment
status, religion, family type, contraception use, access to electricity, access to
running water, whether a couple has quarrels, forced sex, opinion about situations in which a wife deserves to be beaten, and whether it is acceptable to
ask for condoms or refuse sex in certain situations. Fisher’s exact test was
applied to compare the number of marriages to HIV status. For the reasons
for quarrels and nature of assault (both overall and in the past 12 months),
chi-square tests were applied when expected frequencies were above five and
Fisher’s exact test was used when expected frequencies were less than five.

Results
A total of 199 married couples participated in the survey, among them 99
were HIV-positive couples and 100 were HIV-negative couples. Out of the 99
HIV-positive couples, 80 of the wives were HIV-positive. The mean age of
the women in the HIV-positive couples was 29.9 years compared with 34.7
years for the HIV-negative couples which was found to be statistically significant (p = .001). More than 85% of the women identify as Hindu. The
family structure did not differ significantly between the two groups. About
7.1% of HIV-positive women had formal education beyond secondary school
as did 12% of HIV-negative women (p = .228). About 9.1% of HIV-positive
women had been married more than once, whereas all the HIV-negative
women were married only once. Twelve of the women in the HIV-positive
group reported using some form of contraception, of these women the majority used condoms or intra-uterine device (IUD; 83.3%). In the HIV-negative
group, only 3% reported using contraception with oral contraceptive (66.7%)
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Table 1. Socio-Demographic Profile.

Age
Currently working
Work hours/week
Religion
Hindu
Other
Family type
Nuclear
Joint
No. of family members
living in the household
Married
Once
More than once
Education
None
Primary School
Secondary School
Tertiary Education
Use Contraception
Exposure to media
Newspaper
Radio
TV
Access to electricity
Access to running water

HIV-Positive
(n = 99)

HIV-Negative
(n = 100)

p Value

29.91 ± 6.86
21 (21.2%)
34.00 ± 20.00

34.66 ± 11.99
12 (12.0%)
30.90 ± 22.34

.001
.128
.485

88 (88.9%)
11 (11.1%)

86 (86.0%)
8 (8.0%)

.546

56 (56.6%)
40 (40.4%)
5.95 ± 3.00

61 (61.0%)
38 (38.0%)
5.46 ± 2.91

.640

87 (87.9%)
9 (9.1%)

96 (96.0%)
0 (0.0%)

.003

31 (31.3%)
39 (39.4%)
22 (22.2%)
7 (7.1%)
12 (12.1%)

35 (35.0%)
28 (28.0%)
24 (24.0%)
12 (12.0%)
3 (3.0%)

.327

29 (29.3%)
21 (21.2%)
64 (64.7%)
87 (87.9%)
39 (39.4%)

34 (34.0%)
12 (12.0%)
63 (63.0%)
85 (85.0%)
46 (46.0%)

.244

.012
.255

.553
.313

being the most common form of contraception used. This demographic data
are displayed in Table 1.
Reasons for quarrels within the couples and the nature and extent of any
violence experienced by these women were explored. Compared with the
HIV-negative women, a significantly higher proportion of HIV-positive
women had quarrels with their spouse (79.8% compared with 67%). More
than one quarter (28.3%) of the women in the HIV-positive group reported
HIV/AIDS as a major reason for their quarrels. When asked about the types
of physical assaults experienced, there was no significant difference between
the two groups (Table 2). However, we did find that the HIV-positive group
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Table 2. Reasons for Quarrels and Nature of Assault Faced by HIV-Positive and
HIV-Negative Women.
HIV-Positive
(n = 99)

HIV-Negative
(n = 100)

p Value

Couples that have quarrels
79 (79.8%)
67 (67.0%)
.041
Reason for quarrel
65 (65.7%)
46 (46.0%)
.035
• Because of finance
• Related to HIV/AIDS
28 (28.3%)
0 (0.0%)
<.0001
• Regarding family members
36 (36.4%)
29 (29.0%)
.909
• Dowry related
10 (10.1%)
2 (2.0%)
.041
41 (41.4%)
31 (31.0%)
.625
• Personal habits
Nature of assault
Were there any circumstances which caused your husband to
• Push or shake you
34 (34.3%)
25 (25.0%)
.136
• Throw something at you
26 (26.3%)
29 (29.0%)
.698
28 (28.2%)
24 (24.0%)
.518
• Punch you with his hand
• Kick or drag you
23 (23.2%)
29 (29.0%)
.377
• Slap you or twist your arm
28 (28.3%)
23 (23.0%)
.393
• Try to strangle, kill, or burn
2 (2.0%)
1 (1.0%)
.621
you
In last 12 months, were there any circumstances which caused your husband to
• Push or shake you
17 (17.2%)
9 (9.0%)
.012
• Throw something at you
12 (12.1%)
5 (5.0%)
.015
• Punch you with his hand
17 (17.2%)
4 (4.0%)
.0002
7 (7.1%)
4 (4.0%)
.120
• Kick or drag you
• Slap you or twist your arm
10 (10.1%)
5 (5.0%)
.040
• Try to strangle, kill, or burn
2 (2.0%)
1 (1.0%)
.565
you
Forced sex
21 (21.2%)
9 (9.0%)
.015

women reported significantly higher recent physical assault compared with
the HIV-negative group women (p value = .014). Figure 1 displays the proportion of women in each group (HIV-positive group and HIV-negative
group) who have ever experienced various types of domestic violence,
including forced sex.
Forced sex by the spouse was significantly higher in HIV-positive group
women compared with the HIV-negative women (21.2% vs. 9.0%, p value =
.015). One third (n = 7) of the women in the HIV-positive group who reported
forced sex had retaliated, whereas the remaining two thirds surrendered to
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Figure 1. Nature of domestic violence experienced by HIV-positive and HIVnegative women.
*Indicates a significant difference between the two groups at .05 level.

their partner’s wishes. Of the seven HIV-positive group women who opposed
forced sex by their spouses, three were assaulted and suffered physical injuries. Two of these women sought medical care and required medical treatment. Of the nine HIV-negative women who experienced forced sex, none of
them retaliated to this violence and did not experience any physical injuries.
Prevalence of IPV and sexual violence in our sample was 49.3% and
15.1%, respectively. Compared with women in the HIV-negative group, a
higher proportion of women in the HIV-positive group experienced physical,
sexual, and lifetime IPV. However, only sexual violence was significantly
different between the two groups. Figure 2 displays the proportions of HIVpositive and HIV-negative groups who have ever faced physical violence,
sexual violence, and lifetime IPV.
More than half of the women in both HIV-positive and HIV-negative
groups believed that neglecting their children or arguing with their spouse is
justification for their husband beating them. About 41.4% of HIV-positive
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Figure 2. Types of domestic violence experienced by HIV-positive and HIVnegative women.
Note. IPV = intimate partner violence.
*Indicates a significant difference between the two groups at .05 level.

women and 24% of HIV-negative women believe that if a woman refuses her
husband sex, her husband is justified in reprimanding her. The top two methods of punishment reported in both groups are forced sex and hitting/beating.
About 79.4% of all women in this study feel that there are situations when a
man is justified in slapping their wife in the face, but only 7% of women feel
that there are situations where a woman is justified in slapping her husband
in the face (Figure 3). The majority (78.8%-79.8%) of HIV-positive women
feel that it is acceptable to ask their husband to use condoms or refuse sex
when it is known that the husband is having sex with other women, whereas
the majority (67%) of HIV-negative women either disagree or are not sure (p
≤ .0001). Table 3 shows the distributions of responses.
Multivariate logistic regression results are shown in Table 4. In our model,
women who are employed are 3.3 times more likely to suffer physical violence (confidence interval [CI] = [1.4, 7.9]; p = .007) and 3.5 times more
likely to suffer lifetime IPV (CI = [1.5, 8.5]; p = .005). Women who were 18
or above when they first got married were less likely to face any physical
violence (odds ratio [OR] = 0.3; CI = [0.1, 0.6]; p = .001) or lifetime IPV
(OR = 0.3; CI = [0.1, 0.6; p = .001). It is interesting to note that women who
use contraception appear to be at higher risk of physical violence (OR = 7.7;
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Figure 3. Women’s perception of justified violence between married couples.

CI = [1.8, 33.1; p = .011) and lifetime IPV (OR = 7.0; CI = [1.6, 30.2]; p =
.019). HIV-positive women are 3 times more likely to face sexual violence
compared with the HIV-negative women (CI = [1.2, 7.6]; p = .023).

Discussion
In this study, married women in couples where at least one of the partners is
HIV-positive were younger and more likely to use contraception (especially
barrier contraception) compared with married women in couples in which
neither partner was HIV-positive. There was no difference in other individual
or household characteristics, particularly education, employment, religion,
exposure to media, and access to electricity and running water. Nevertheless,
HIV-positive women were more likely to experience couples quarrels, recent
physical violence, and forced sex.
Women who were age 18 years or above when married are much less
likely to face physical violence compared with women who were less than
18 years of age when they got married. It appears that being older has a
protective effect on IPV. One reason for this could be that women who are
less than 18 years of age when they are married are more vulnerable to
abuse as they have less control/power within their marriage and have little
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Table 3. Perception of Acceptable Behavior by HIV Status.
HIV-Positive
(n = 99)

HIV-Negative
(n = 100)

p Value

Question: If a woman is unfaithful to her husband, she deserves to be beaten
15 (15.2%)
18 (18.0%)
.403
• Strongly agree
• Agree
53 (53.5%)
60 (60.0%)
• Not sure
8 (8.1%)
4 (4.0%)
• Disagree
20 (20.2%)
13 (13.0%)
• Strongly disagree
3 (3.0%)
5 (5.0%)
Question: If a women knows that her partner is having sex with another women,
she should be able to ask him to use a condom or refuse to have sex with him:
• Strongly agree
13 (13.1%)
3 (3.0%)
<.0001
• Agree
66 (66.7%)
30 (30.0%)
• Not sure
4 (4.0%)
37 (37.0%)
• Disagree
6 (6.1%)
11 (11.0%)
• Strongly disagree
10 (10.1%)
19 (19.0%)
Question: If a women knows that her partner has a sexually transmitted disease,
she should be able to ask him to use a condom or refuse to have sex with him
• Strongly agree
14 (14.1%)
5 (5.0%)
<.0001
• Agree
64 (64.7%)
28 (28.0%)
• Not sure
3 (3.0%)
37 (37.0%)
• Disagree
10 (10.1%)
12 (12.0%)
• Strongly disagree
8 (8.1%)
18 (18.0%)

to no negotiation skills (Silverman, Decker, Saggurti, Balaiah, & Raj, 2008;
Yount & Li, 2010).
Significant associations were also found between employment status and
lifetime IPV Women who are employed are significantly more likely to face
domestic violence. This finding is consistent with other studies (Babu & Kar,
2009; Chin, 2013; Koenig, Ahmed, et al., 2003; Mahapatro et al., 2012). One
reason is that women who work tend to come into contact with men who are
unrelated, which in societies such as India can be seen as provocative, hence
these women may face more abuse from their spouses at home (Koenig,
Ahmed, et al., 2003; Naved & Persson, 2005). In some cases, these women
work only due to financial stress in the household which could be the underlying cause of tension and abuse. Another theory is that a woman earning an
income changes the power dynamics in a marriage which increases stress in
the relationship, leading to possible abuse.
Several studies have reported an association between education and
domestic violence (Aklimunnessa et al., 2007; Boyle et al., 2009; Koenig,
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Table 4. Adjusted Multivariate Logistic Regression Models.
Physical Violence
Variables
Age
Education

Employment
status
Age at first
marriage
Contraception
use
HIV status

Categories

OR1

18-29
30+
None
Primary
Secondary
Tertiary
Unemployed
Employed
<18
18+
No
Yes
HIV-negative
HIV-positive

1
1.6
1
1.6
2.5
0.7
1
3.3
1
0.3
1
7.7
1
0.9

95% CI
[0.8, 3.1]
[0.7, 3.3]
[1.0, 6.3*]
[0.2, 3.0]
[1.4, 7.9**]
[0.1, 0.6***]
[1.8, 33.1*]
[0.5, 1.6]

Sexual Violence
OR1
1
1.3
1
0.3
1.6
1.2
1
1.4
1
.5
1
1.8
1
3.0

95% CI
[0.5, 3.4]
[0.1, 1.1]
[0.5, 5.2]
[0.2, 6.1]
[0.5, 3.9]
[0.2, 1.5]
[0.5, 7.3]
[1.2, 1.6*]

Lifetime IPV
OR1
1
1.4
1
1.2
2.0
0.6
1
3.5
1
0.3
1
7.0
1
1.0

95% CI
[0.7, 2.8]
[0.6, 2.6]
[0.8, 5.0]
[0.2, 2.6]
[1.5, 8.5**]
[0.1, 0.6***]
[1.6, 30.2*]
[0.5, 1.9]

Note. IPV = intimate partner violence; OR = odds ratio; CI = confidence interval.
Highlighted in bold are significant associations at α=.05 level.
aORs are adjusted for age, education, employment status, age at first marriage, contraception use, and HIV
status.
*p < .05. **p < .01. ***p < .001.

Ahmed, et al., 2003; Yount & Li, 2010); however, our study did not find any
significant trends. One reason for this is our non-random selection of participants which means that our sample is non-representative of all couples in
India. Hence, the distribution of level of education among HIV-positive and
HIV-negative respondents would differ leading to an inability to detect any
associations.
Previous research has shown that IPV significantly increases risk of HIV
infection among women (Bauer et al., 2002; Decker et al., 2009; Molitor,
Ruiz, Klausner, & Mcfarland, 2000; Sareen, Pagura, & Grant, 2009;
Silverman et al., 2008), but the reverse also appears to be true. Our study
found that HIV-positive women have an increased odds (OR = 3.0; CI = [1.2,
7.6]) of being sexually abused by their spouses compared with women who
are HIV-negative, which is consistent with studies undertaken in sub-Saharan
countries (Chin, 2013; Koenig, Lutalo, et al., 2003; Maman et al., 2002; van
der Straten et al., 1998). One possible explanation is that HIV/AIDS can initiate arguments between couples which could in turn lead to physical and even
sexual violence (Chin, 2013; Hoffman, Demo, & Edwards, 1994; Hurtado,
Ciscar, & Rubio, 2004). About 28% of HIV-positive women reported HIV/
AIDS as a major reason for quarrels with their spouse, 44% of whom also
reported forced sex by their spouse.
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A limitation of this study is disclosure-related bias leading to an underestimation of the true prevalence of domestic violence. The results from this
study show that 79.4% of women feel that there are situations where their
husband is justified in beating their wife for perceived bad behavior. Other
studies from many different countries report similar perception of domestic
violence (Aklimunnessa et al., 2007; Garcia-Moreno et al., 2006; Kim &
Motsei, 2002; Maman et al., 2002; Yount & Li, 2010). As such, the women in
this study may not have reported violence they felt they deserved. If the
women overlooked everyday behavior resulting in less severe forms of
assault, this could result in our data underestimating the true prevalence of
IPV (Ellsberg et al., 2008; Mahapatro et al., 2012). The sensitive nature of
our questions may also add to this underestimation as the women may not be
willing to disclose violence for fear that their husband will beat them for
speaking out. Hence, the data presented in this article should be viewed as the
minimum level of violence actually experienced when planning health promotion and prevention strategies.
Another important consideration is the cultural context in which prevention programs are targeted. In India, the cultural and societal structures
oppress women from being able to negotiate safe sex even when it is known
that their husband is having sexual relations with other women (Babu & Kar,
2009; Go et al., 2003; Silverman et al., 2008). This perception appears to differ according to HIV status. Our study found that the majority (67%) of HIVnegative women are either unsure or disagree that it is acceptable to negotiate
safe sex practices compared with 20% of HIV-positive women. This mind-set
may make it difficult to establish safe sex practices in non-infected
domiciles.
To reduce the prevalence of IPV in India, there is a need for counseling
and support services for HIV-positive women who are at high risk for experiencing IPV. It is also important to consider a wide-scale program targeting
men to alter gender norms in a culture which encourages domestic abuse. The
social structures in India create an environment where husbands feel that
beating their wives is justified, sometimes even encouraged (Go et al., 2003;
Jewkes et al., 2010). Meanwhile, there is no community support for wives
who do face IPV (Boyle et al., 2009). Changing the mind-set of the people in
India would not only allow women to speak openly to their husbands about
safe sex practices but could also reduce domestic violence.
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ABSTRACT
Anaplastic thyroid carcinoma (ATC) is most aggressive malignancy with an incidence of 1 - 2%. It is
common in sixth decade of life with female predominance. Fine needle aspiration (FNA) is an important
tool and provides correct diagnosis of ATC in upto 90% of cases. On cytology, ATC shows high cellularity
smears composed of pleomorphic population of cells in a necrotic background.The three main patterns of
ATC are spindle cell, giant cell, and squamoid. Spindle cell variant should be differentiated mainly from
medullary carcinoma of thyroid( MCT) & Malignant fibrous histiocytoma The presence of amyloid in the
smear is one of the distinguishing feature from MCT to ATC, but amyloid is not identified in all cases.
Spindle cell variant of ATC may be indistinguishable from MCT when scant necrosis is present, but
differentiation of the two lesions is important for further management.There should be a high index of
suspicion for anaplastic thyroid carcinoma when areas of necrosis is present on cytology Hence, we
present a case of 60 year old female presented with midline neck swelling. Differential diagnosis of
spindle cell variant of ATC and medullary carcinoma (MCT) was considered on cytologyand confirmed
as ATC with residual papillary carcinoma of thyroid (PCT) on histopathology.
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INTRODUCTION
Anaplastic thyroid carcinoma (ATC) is most aggressive
1
malignancy with an incidence of 1 to 2 %. It is least
common of all thyroid malignancies recognised clinically
, but it accounts for more than half of the deaths for
2
thyroid cancer. The mortality rate is over 90% and a
2
mean survival of six months after the diagnosis. It is
common in sixth decade of life with female
2
predominance. FNAC is an important tool and can
2
provide correct diagnosis of ATC in upto 84% of cases.
Spindle cell variant of ATC may be indistinguishable
from Medullary carcinoma thyroid (MCT ) when scant
necrosis is present, but differentiation of the two lesions
is important in view of further management &
3
prognosis. Here is a case of
ATC which was
diagnosed on fine needle aspiration cytology (FNAC)
and further confirmed by histopathological examination.

CASE SUMMARY
A 60 year old female presented with midline neck
swelling since 1 year was referred to the department of
pathology for FNAC of the lesion. On examination
swelling was diffuse measuring about 5x4x4 cm, soft to
firm in consistency and moved with deglutition. FNA was
performed using 22 G needle and 10 cc syringe.
Smears were prepared and staining was done. Wet
smears were stained with Hematoxylin & Eosin (H&E) &
PAP stain. Air dried smears were stained with Giemsa.
Multiple smears stained with H&E, PAP & Giemsa

showed high cellularity showing tumor cells arranged in
sheets, small, large clusters & singly dispersed.
Individual cells were spindle shaped having
pleomorphic,
hyperchromatic
nuclei,
abundant
eosinophilic cytoplasm. Few cells showed plasmacytoid
morphology & stippled chromatin. Also noted
binucleated & multinucleated tumor cells. Background
showed focal areas of necrosis & many RBCs.
Correlating the clinical and cytologic features ,
differential diagnosis offered was Anaplastic thyroid
carcinoma
& spindle cell variant of medullary
carcinoma,
with
suggestion
of
wide
local
excision.MACROSCOPY: We received a subtotal
thyroidectomy specimen measuring about 6x5x4cm.
External surface was irregular, nodules at places with
areas of congestion.Cut section showed variegated
appearance having solid, cystic & hemorhhagic areas.
Solid areas were irregular, grey white measuring 3x3cm
and cystic area measured 2x2cm and was filled with
colloid. MICROSCOPY: Histopathological examination
showed tumor tissue arranged in papillary, storiform
and insular pattern. Individual tumor cells were highly
pleomorphic, bizarre, round to oval with round to oval
hyperchromatic nuclei and prominent nucleoli. Also seen
spindle shaped cells with elongated hyperchromatic
nuclei and few inconspicuous nucleoli. Also seen typical
and atypical mitotic figures of 6-8/HPF. Focal areas of
necrosis, calcification and a small focus of clear cell
change were also noted. Based on these features we
diagnosed it as Anaplastic carcinoma with residual
papillary carcinoma of thyroid.

(A) Microphotograph showing tumor cells in sheets (H&E Stain, x100)
(B) Microphotograph showing necrosis (Giemsa Stain, x400)
(C) Microphotograph showing singly scattered tumor cells (Giemsa Stain, x100)
(D) Microphotograph showing bizarre and spindle shaped tumor cells (H&E Stain, x400)
(E) Microphotograph showing tumor cells arranged in papillary pattern (H&E Stain, x100)
(F) Microphotograph showing tumor cells showin nuclear clearing (H&E Stain, x400)
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DISCUSSION
ATC is a highly malignant tumor. According to WHO,
ATC is comprised of undifferentiated cells wholly or
partially, but these cells retain features indicative of an
2
epithelial origin. On FNAC, ATC are highly cellular
smears composed of a pleomorphic population of cells
2
The individual tumor cells
in a necrotic background.
are large, oval to spindle-shaped arranged in
2
dyscohesive sheets and shows moderate anisocytosis.
These cells have single or multiple nuclei, reflects the
2
sarcomatoid or epithelioid histological morphology. The
three main patterns of ATC are spindle cell, giant cell,
2
and
squamoid. Spindle cell variant should be
differentiated mainly from medullary carcinoma of
2
thyroid( MCT) & Malignant fibrous histiocytoma. Careful
observation of cellular density, arrangement and
individual cell morphology , presence of necrosis may
help in differentiating these tumors. Compared to other
soft tissue tumors, ATC aspirate will be more cellular
and shows bizarre nature of tumor cells and abundant
3
necrosis. Most of the cases of ATC are due to terminal
dedifferentiation of pre-existing well differentiated thyroid
carcinoma (WDTC). The progression of WDTC to ATC
is due to the loss of P53 tumor suppressor gene.
Demeter et al found 76% of ATC had previous or
concurrent thyroid disorders, with 47% related to WDTC.
4
The presence of amyloid in the smear is one of the
distinguishing feature from MCT to ATC, but amyloid is

identified in 43-81% cases only. ATC is positive for
cytokeratin, epithelial membrane antigen, vimentin but it
is negative for calcitonin which helps in distinguishing
5
from MCT. Treatment of ATC is multimodal approach
with surgery, radiotherapy & chemotherapy due to the
6
lack of effective medical treatment currently.

CONCLUSION
To conclude Spindle cell variant of ATC may be
indistinguishable from MCT when scant necrosis is
present, but differentiation of the two lesions is important
3
for further management. Hence, there should be a high
index of suspicion for anaplastic thyroid carcinoma when
areas of necrosis is present on cytology as preoperative
cytological diagnosis may help the surgeon to give best
possible treatment to their patients.
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Original Article

Effect of Ayurveda Medications (Kasīsa Bhasma and Dhātrī Avaleha) on
Iron Deficiency Anaemia: A Randomized Controlled Study
Abstract

Background: This paper explores the role that Ayurveda can play in the management of
Iron Deficiency Anaemia, a major nutritional deficiency disorder affecting people across the
globe. Methodology: Forty (40) patients suffering from Iron deficiency anaemia as per WHO
guidelines, between the age group of 20 to 60 yrs of either sex participated in the study. Study
was a randomized, controlled, open label clinical study. Patients were randomly divided into two
groups: Group D (n = 20) received Dhātrī avaleha 10 g twice a day after food. Group K (n = 20)
received capsules Kasīsa bhasma 125 mg thrice a day. Both interventions were administered for
30 days and the subjects were followed up for next 30 days with placebo capsules to assess the
sustainability of the effects. Assessments were done at baseline, 30th and 60th days. Primary
outcome measure was hemoglobin estimation (Hb) and secondary outcome measures were the other
hematological parameters such as Red blood cell (RBC) indices, total RBC count, Packed Cell
volume (PCV) and Peripheral Blood smear study. Results: Both interventions produced significant
improvements (P < 0.001). Kasīsa bhasma was better compared to dhātrī avaleha in terms of
primary (P < 0.0001) and secondary outcomes. Comparison of outcomes from base line – 30th day,
base line – 60th day and 30th – 60th day showed significant (P < 0.0001) improvement in both the
groups in parameters such as haemoglobin, MCV and MCH. Hence improvements sustained during
placebo intervened sustainability period also. Conclusions: Study effectively shows that Kasīsa
bhasma is better then Dhātrī avaleha. Improvements by both interventions were sustained even
during the sustainability period.
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Introduction
Anaemia is a major global public health
problem with consequences on human
health, social and economical development.
Anaemia can be caused due to multiple
factors but one of the major factors is
nutritional deficiency. IDA is the most
significant contributor of all anaemias
and hence IDA and anaemia are often
used synonymously. Around 30–52% of
nonindustrialized population has anaemia in
general and iron deficiency in particular.[1]
Iron deficiency and IDA were considered
as one among the top 10 risks globally and
regionally,[2] contributing to the 14th leading
cause of disease burden in the world global
burden of diseases.[3] IDA causes 8.4 lakh
deaths and 35 million cases of disability
adjusted life years (DALYs).[4]
In India, surveys have shown high
prevalence
of
anaemia.[5]
Anaemia
prevalence was 56.2 percent in women
This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 3.0
License, which allows others to remix, tweak, and build upon the
work non-commercially, as long as the author is credited and the
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48

of 15–49 yrs of age, 79.2 percent among
children aged 6‑35 months, 57.9 percent in
pregnant women and 24.3 percent in men
aged 15‑49 yr. Sex prevalence shows that
55% of women and 25% of men suffer from
anaemia.[6] It has been estimated that iron
deficiency costs India about 5 percent of its
gross national product (GNP) annually from
loss of lives, resources and productivity.[7]
The main reasons for IDA have been
determined to be inadequate intake of
iron, low bioavailability of dietary iron
from plant foods due to inhibitory factors,
low levels of absorption enhancers in
the diet, repeated pregnancies, increased
needs during growth and development
among children and adolescents, parasitic
infestations and chronic blood loss.
Poverty compounds these factors through
inadequate access to dietary diversity, safe
water, knowledge about safe food handling
and proper feeding practices.[8]
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Anaemia and iron deficiency is known to have several
functional consequences. IDA adversely effects cognitive
performance, behavior, physical growth in children. IDA
during pregnancy increases the perinatal risks of mother
and infant. Overall increase in infant mortality, decreased
functioning of immune system, reduced work capacity and
productivity, endocrine and neurotransmitter abnormality
associated with triiodothyronine, thyroid function general,
production and metabolism of catecholamines. increased
risk of heavy metal absorption.[9]

Patients attending outpatient department of the institute
were recruited for the study. The CONSORT statement
guidelines has been followed in reporting the outcomes of
the study.[15]

Preventive strategies are through food based approaches
that cause multi nutritional benefit. Foods rich in iron
such as meat, organs of cattle, fish, poultry, legumes and
green leafy vegetables are beneficial. Enhancers of Iron
absorption such as haem iron of animal origin, ascorbic acid
or Vitamin C and inhibitors of Iron absorption like phytates
of cereal grains, legumes, nuts, seeds, iron‑binding phenolic
compounds (tannins) in tea, coffee, calcium of milk and
milk products play a determining role. Conventional
approach for IDA is through Iron Supplements such as
ferrous sulphate etc., However, adherence to the medication
is difficult due to various side effects such as epigastric
discomfort, nausea, diarrhoea, or constipation.[1] Side
effects can be minimized by drug intake along with food,
however, doing this reduces the iron absorption by 40%.[10]
Iron preparations inhibit the absorption of other drugs such
as tetracyclines, sulphonamides, and trimethoprim.[1] Hence
there is a need to look for newer agents which have a better
therapeutic utility.

Inclusion criteria

Complementary and alternative systems (CAM) or
traditional Medicines (TM) which are widely used by the
ailing community needs to be explored. In countries such
as Republic of Korea and China, in spite of well established
conventional health care 86% and 90% of population
commonly use TM.[11] Ayurveda has analysed the different
types of anemia under the classification of Pandu roga.[12]
Ayurveda has indicated use of various herbal formulations
like dhātrī avaleha[13] and iron formulations such as Loha
bhasma, Maṇḍura bhasma, Mākṣika bhasma, Gairika,
Vimala and Kasīsa[14] for this ailment. Hence the present
study was designed with an objective to evaluate effect
of a noniron formulation, Dhātrī avaleha with an iron
formulation Kasīsa bhasma in patients of IDA. The study
was also aimed to evaluate the sustainability effect of the
drugs.

Patients
Forty patients diagnosed as having Iron deficiency anaemia
as per the WHO criteria[16] were recruited from OPD and
IPD of the SDM College of Ayurveda, Udupi, Karnataka,
India.
1. Haemoglobin percentage below the range of 8 g/deci
Liter (dL)
2. Age group: 20–60 yrs
3. Blood picture – Microcytic hypochromic, Normocytic
hypochromic cells
4. Informed written consent.

Exclusion criteria
1. Anaemia from other disorders such as Hepatic cirrhosis,
Rheumatoid Arthritis, Uraemia, Malignant disorders etc
2. Sideroblastic anaemia, Thalassaemia major and minor
3. Haemoglobin levels below 5 g/dl
4. Comorbid medical or surgical disorders
5. Female patients who are pregnant or lactating
6. Patients with a history of alcohol, tobacco addiction etc
7. Patients on any other medications or health supplements
since 4 weeks.

Screening measures
All the patients were thoroughly screened for Iron
deficiency anaemia. Assessments of patients were through
an extensive clinical examinations and on Ayurvedic
parameters such as prakṛti and other laboratory parameters.
The following laboratory investigations were carried out
at Clinical Laboratory, SDM Ayurveda Hospital Udupi in
all patients at baseline, 30th and 60th days of intervention:
Blood investigation‑Haemoglobin concentration, Total
RBC count, Total Leukocyte count, Differential Leukocyte
count, Peripheral Blood smear study, Haematocrit (PCV)
and Stool examination for ova and cysts. In addition to the
above, we conducted other investigations such as Clotting
Time, Bleeding Time, Liver Function Test, Renal Function
Test, Sonography of abdomen etc., as and when required to
rule out co morbidities.

Methodology

Research design

Aims and objective

The present study is a randomized, controlled, open label,
parallel group comparative clinical study. The scholars
involved in randomization, distribution and administration
of study articles were independent from the investigators.
Computer generated random numbers were utilized for
the study. Block size was 4. During study, patients were
asked to adhere to the treatment protocol and report any

To evaluate the effect of Dhātrī avaleha in patients of Iron
Deficiency Anaemia.
The null hypothesis states that there is no difference in
clinical outcome of Dhātrī avaleha on IDA when compared
to the standard drug kasīsa bhasma.
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adverse events to the investigators at the earliest. Any
clinical manifestation that was likely to cause considerable
distress was screened for possible adverse events. All
patients were subjected to dīpana‑pācana (increasing
the metabolic activity) and koṣṭha śodhana (cleansing
of gut using mild laxatives) procedures, which is a
standard preparatory procedure[17] in Ayurveda before
starting any medication. Dīpana – pācana was done using
Pañcakola ciūrnִa[18] 5 g three times a day, before meals,
for 3–7 days with hot water, till the desired manifestations
such as lightness of body, proper evacuation of flatus,
urine, feces, feeling of purity in heart, eructation, feeling
of normalcy and purity in throat and mouth, disappearance
of drowsiness and exertion, appetite for food[19] were
observed in the patient. Koṣṭha śuddhi (cleansing of gut)
was done with administration of śuddhi cūrṇa[20] 5 g at
bed time, with water. Later, all patients were randomized
into two groups through block randomization procedure.
Patients in Group D received Dhātrī avaleha 10 g twice
a day after food with water. Patients in Group K received
Kasīsa bhasma capsules 125 mgs, thrice a day, after
food, with water. Dhātrī avaleha[21] and Kasīsa bhasma
dosages[22] were as per the classical literature. Ingredients of
the formulations were procured from authentic distributors
and formulations were prepared in GMP approved SDM
Ayurveda Pharmacy Udupi as per the standard procedures.
Total duration of study was for 2 months in which
interventions with Ayurveda medication was for one month.
For an additional one month, observations were maintained
with a starch placebo capsules of 250 mg thrice a day.
Assessments were done at baseline, 30th day and 60th day
of interventions [Figure 1]. The nature and design of the
study were explained to patients, and informed consent was
obtained. The study was approved by the Institute Ethics
Committee (Protocol Id‑SDM/99/KC/BRT, SDM College
of Ayurveda Udupi, Date of Approval‑10.1.2000. CTRI
Registration Number‑REF/2015/08/009513). Convenient
sample of 20 patients in each group were selected.

Assessments
1. Primary outcome – Hemoglobin (g/dL)
2. Secondary outcome ‑ Blood parameters such
as total Red Blood Cell (RBC) count, Size of
RBC (Anisocytosis), Shape of RBC (Poikilocytosis),
Chromasis of RBC, Packed Cell Volume (PCV),
Mean Corpuscular volume (MCV), Mean Corpuscular
Hemoglobin (MCH), Mean Corpuscular Hemoglobin
concentration (MCHC).

Statistical methods
Statistical analysis was carried out using SPSS
Version 15.0. Homogeneity of the data across the groups
was evaluated by the χ2 test. Comparison of groups across
different time points was carried out by repeated‑measure
analysis of variance (ANOVA) with Tukey post‑hoc test.
Comparison of groups at baseline was by one‑way ANOVA
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Figure 1: Subject flow chart through the study

with Tukey posthoc test. Effect size was calculated
by Partial Eta Square method to assess the effect of
treatment through the outcome from baseline to 30th and
60th day of treatment. The criteria used for interpreting
effect size measures were as follows: 0–0.2 = minimal,
0.2–0.5 = small, 0.5–0.8 = medium and above 0.8 = large
effect size.[23] Values are reported as mean ± 1 standard
deviation. All tests were considered statistically significant
at P < 0.05.

Results
A total of 40 patients were recruited and divided in to two
groups. One patient from Group D and two patients from
group K dropped out from the study. Drop outs were due to
their illnesses such as typhoid needing other medications.
In one case it was due to the patient having shifted to a
different place. No adverse effects were reported in any of
the patients [Figure 1].

Subject characteristics
Most of the patients in our study were young
(28.24 ± 7.53 yrs), females (62.5%), married (65%),
from rural area (65%), high school educated (37.5%),
lower middle class (47.5%), mixed diet (67.5%), body
constitution of vāta pittaja prakṛti (60%), duration of
current manifestations (7.6 ± 5.93 months) [Table 1].

Primary out come‑hemoglobin
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a
significant effect of time F(2,70) =217.130, P < 0.001.
Both groups showed significant improvement that sustained
during the course of the treatment. There was a significant
effect of group F(1, 35) =37.583, P < 0.001 or group X
time interaction F(2, 70) =11.233, P < 0.001. Post hoc
analysis revealed at the end of 30 days and 60 days
group K showed significant improvement (P < 0.0001)
compared to group D [Table 2a and Figure 2].
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Table 1: Patient profile ‑ expressed in mean, standard deviations and percentage

Clinical profile
Age (years)
Sex
Male
Female
Socioeconomic status
Poor
Lower middle class
Upper middle class
Rich
Habitat
Urban
Rural
Food
Vegetarian
Mixed
Prakurti (body constitution)
Vatakapha
Pittakapha
Vatapitta
Severity (g/dL)
Moderate (7-8)
Severe (<7)
Duration of illness (months)
Drop outs
Study completed
Total

Parameters

Groups

Group D, n (%)
34.05±13.78

Group K, n (%)
36.90±13.81

Total (%)
35.47±13.69

P
0.915

7 (35)
13 (65)

8 (40)
12 (60)

15 (37.5)
25 (62.5)

0.744

3 (15)
9 (45)
7 (35)
1 (05)

4 (20)
10 (50)
5 (25)
1 (5)

7 (17.5)
19 (47.5)
12 (30)
2 (5)

0.91

8 (40)
12 (60)

6 (30)
14 (70)

14 (35)
26 (65)

0.507

7 (35)
13 (65)

6 (30)
14 (70)

13 (32.5)
27 (67.5)

0.736

6 (30)
2 (10)
12 (60)

6 (30)
3 (15)
11 (55)

12 (30)
5 (12.5)
23 (57.5)

0.885

12 (60)
8 (40)
5.2±3.07
1 (5)
19 (95)
20

14 (70)
6 (30)
6.35±3.68
2 (10)
18 (90)
20

26 (65)
14 (35)
7.60±5.93
3 (7.5)
37 (92.5)
40

0.507
0.291

Table 2a: Effect of interventions on haematological parameters
0 days

30 days

60 days

P (0-30 days) P (0-60 days) P (30-60 days) Effect size Effect size
(0-30 days) (0-60 days)
Hemoglobin (g/dL)
D
6.980±0.73 8.19±0.37 8.96±0.48 <0.0001*** <0.0001***
<0.0001***
−0.55
−0.594
K
7.33±0.53 9.21±0.71 10.48±0.78 <0.0001*** <0.0001***
<0.0001***
P
0.075
<0.0001
<0.0001
RBC chromasia
D
1.8±0.56 1.07±0.46 0.93±0.53
0.001**
0.001**
0.916
−0.13
−0.20
grade
K
1.50±0.61 0.57±0.51 0.29±0.47 <0.001***
<0.0001***
0.118
P
0.147
0.011
0.003
Anisocytosis grade
D
1.67±0.72 1.13±0.52 0.73±0.46
0.014*
<0.0001***
0.067
−0.45
−0.51
K
1.93±0.62 0.71±0.61 0.14±0.36 <0.0001*** <0.0001***
0.007**
P
0.305
0.056
0.001
Poikilocytes grade
D
1.20±0.56 0.33±0.49 0.33±0.49
0.001**
0.001**
1.000
0.09
0.005
K
1±0.78 0.29±0.47 0.14±0.36
0.010*
0.001**
0.483
P
0.434
0.791
0.246
Target cells grade
D
0.67±0.49 0.27±0.46 0.27±0.46
0.228
0.092
1.000
−0.10
−0.22
K
0.71±0.61 0.14±0.36
0
0.051
0.002**
0.766
P
0.818
0.429
0.038
Polychromasia
D
0.33±0.26 0.13±0.35 0.20±0.41
0.555
1.000
1.000
0.338
−0.006
grade
K
0.57±0.65 0.79±0.80 0.43±0.65
0.512
1.000
0.401
P
0.271
0.008
0.263
D
1.53±0.46 1.53±0.52 1.27±0.46
1.000
0.714
0.587
−0.15
−0.30
Reticulocytes count
in percentage of red
K
1.86±0.66 2.14±0.86 1.57±0.51
0.766
0.668
0.032*
cells
P
0.152
0.028
0.103
Expressed in mean±SD.*P<0.05, **P<0.01, ***P<0.001. SD: Standard deviation, RBC: Red blood cell
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Table 2b: Effect of interventions on haematological parameters

Parameters

Groups

0 days

30 days

60 days

Total
RBC (1012/L)

D

3.09±0.53

3.51±0.42

3.25±0.79

K

3.37±0.47

3.91±0.45

4.11±0.38

P

0.078

0.019

0.001

D

25.20±2.37

27.53±2

28.53±1.92

0.005**

K

27.07±3.22

30.57±3.55

34.36±3.30

P

0.06

0.008

<0.0001

D

67.53±3.78

72.2±2.81

80.67±2.77

<0.0001*** <0.0001*** <0.0001***

K

69.43±4.01

78.14±4.83

83.86±4.57

<0.0001*** <0.0001*** <0.0001***

P

0.201

<0.0001

0.03

D

21.27±1.98

25.47±2

27.67±1.40

<0.0001*** <0.0001*** <0.0001***

K

20.14±2.44

23.07±3.17

26.36±2.56

<0.0001*** <0.0001*** <0.0001***

P

0.136

0.021

0.096

D

27.73±1.62

28.93±1.71

30.47±1.55

K

26.79±3.17

30.43±3.13

30.57±3.16

P

0.315

0.119

0.91

PCV (%)

MCV
(fL)

MCH
(pg/cell)

MCHC
(g/dL)

Total count
WBC
(cells/µL/
mm3)

P (030 days)

P (060 days)

P (3060 days)

0.004**

1.000

0.409

<0.0001***

0.003**

0.792

<0.0001***

0.019*

0.112

0.001**

<0.0001*** <0.0001***

<0.0001***

0.127

0.068

1.000

K

7085.71±475.94 7435.71±545.76

0.035*

0.008*

1.000

0.437

−0.21

−0.61

−0.61

−0.51

−0.39

0.04

−0.40

−0.20

−0.08

−0.13

1.000

7006.67±700.48 7273.33±561.21 7306.67±602.93
0.727

Effect
size
(0-60
days)
−0.32

<0.0001*** <0.0001*** <0.0001***

D
P

Effect
size
(0-30
days)
−0.12

7514.29±473.7
0.314

D
2.73±0.46
2.33±0.72
1.47±0.74
0.310
<0.0001*** 0.006**
−0.45
0.07
Eosinophils
percent in
K
2.43±0.85
1.07±0.47
1.29±0.73
<0.0001*** <0.0001***
1.000
differential
P
0.236
<0.0001
0.513
count
Expressed in mean±SD. *P<0.05, **P<0.01, ***P<0.001. SD: Standard deviation, RBC: Red blood cell, PVC: Packed cell volume, MCV:
Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, WBC: White blood cell

Secondary outcomes
Total RBC count
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a
significant effect of time F(2,70) =10.439, P < 0.001. Both
groups showed significant improvement that sustained
during the course of the treatment. There was a significant
effect of group F(1,35) =15.866, P < 0.001 and group X
time interaction F(2, 70) =3.379, P = 0.041. Post hoc
analysis revealed at the end of 30 days (P = 0.019) and
60 days (P = 0.001) group K showed significant
improvement compared to group D [Table 2b and
Figure 2].
PCV
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a
significant effect of time F(2,70) =83.074, P < 0.001. Both
groups showed significant improvement that sustained
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during the course of the treatment. There was a significant
effect of group F(1,35) =16.454, P < 0.001 and group X
time interaction F(2,70) =12.113, P < 0.001. Post hoc
analysis revealed at the end of 30 days (P = 0.008)
and 60 days (P < 0.001) group K showed significant
improvement compared to group D [Table 2b and
Figure 3].
MCV
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a
significant effect of time F(2,70) =225.572, P < 0.001.
Both groups showed significant improvement that
sustained during the course of the treatment. There was a
significant effect of group F(1,35) =9.080, P = 0.006 and
group X time interaction F(2,70) =5.074, P = 0.010. Post
hoc analysis revealed at the end of 30 days (P < 0.001)
and 60 days (P = 0.03) group K showed significant
improvement compared to group D [Table 2b and
Figure 3].
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Effect of interventions was comparable in all other
parameters at different time points when assessed through
repeated measure ANOVA.
Comparison ̐ithin group showed that effect of interventions
at the end of 30 days and 60 days was significant in
most of the parameters such as Hemoglobin, Total RBC,
MCV, PCV, RBC chromasia, Anisocytes, Poikilocytes,
MCH [Tables 2a, b and Figures 2‑4]. Hence improvement
was noted even in the observation period. In Total RBC,
Group D which showed improvement during medication
period failed to maintain the sustained improvement
when compared between 0–30 days to 30–60 days
outcomes [Figure 2].

a

b

Figure 2: Changes in hematological parameters in Group D (n = 19)
and Group K (n = 18) as assessed on 0 (baseline), 30th and 60th day of
intervention: (a) Hemoglobin, (b) total red blood cell count. Results are
expressed in mean ± standard deviation. Level of significance is *P < 0.05,
**P < 0.01, ***P < 0.001

Effects of medications during placebo intervention
period (30‑60 days) showed significant sustainable
improvement in Anisocytes and Reticulocytes in Group K.
However group D showed significant sustainable effect in
MCHC and eosinophils.
Effect size comparison showed that Medium effect size
was seen in Hemoglobin, MCV and PCV parameters.
Haemoglobin and MCV in 0–30 days and 0–60 days
comparison. PCV in 0–60 days comparison. Comparisons
showed that Group K was better than group D with
medium effect size. Small and minimal effect size favoring
group K was seen in RBC chromasia, Target cells, total
RBC, MCHC in both 0–30 and 0–60 days. Eosinophils and
MCH in 0–30 days periods only. Small and minimal effect
size favoring group D was seen in poikilocytes in both
0‑30 and 0‑60 days, in periods of 0‑60 days in Eosinophils
and MCH parameters [Tables 2a and b].

Discussion
The present study shows that Kasīsa bhasma produced
significant improvement than Dhātrī avaleha in primary
outcome measure and a few of the secondary outcome
measures also. Study shows that a noniron, herbal
formulation viz. Dhātrī avaleha produces significant
improvement during both intervention and sustainability
period.
Kasīsa bhasma produced significant improvement in
Hemoglobin, total RBC count, PCV, MCV after the period
of intervention and sustainability period. However in most
of the other secondary outcome measures such as RBC
Chromasia, Anisocytosis grade, Poikilocytes grade, Target
cells grade, Polychromasia grade, Reticulocytes count,
MCH and MCHC both groups were comparable.
Within group comparison showed that both drugs produced
significant improvement at the end of intervention and
sustainability in most of the parameters like Hb%, total
RBC count, PCV, MCV, RBC chromasia, Anisocytosis,
Poikilocytes, MCH.
Comparison of sustainability of improvement among groups
showed kasīsa bhasma to be better than dhātrī avaleha in
Ancient Science of Life | July‑September 2016 | Vol 36 | Issue 1

a

b

Figure 3: Changes in hematological parameters in Group D (n = 19)
and Group K (n = 18) as assessed on 0 (baseline), 30th and 60th day of
intervention: (a) Mean corpuscular volume, (b) packed cell volume. Results
are expressed in mean ± standard deviation. Level of significance is
*P < 0.05, **P < 0.01, ***P < 0.001

a

b

Figure 4: Changes in hematological parameters in Group D (n = 19)
and Group K (n = 18) as assessed on 0 (baseline), 30th and 60th day of
intervention: (a) Mean corpuscular hemoglobin, (b) mean corpuscular
hemoglobin concentration. Results are expressed in mean ± standard
deviation. Level of significance is *P < 0.05, **P < 0.01, ***P < 0.001

Anisocytosis, Reticulocytosis. Dhātrī avaleha was better
only in MCHC. Effect size comparison showed medium
in Hb% and MCV in both intervention and sustainability
phases favoring kasīsa bhasma over dhātrī avaleha. In both
the groups we did not notice any kind of adverse reactions.
Most of the patients in our study were suffering from
moderate to severe anaemia.[24] Average duration of the
illness was 7.6 months. Mean increase in haemoglobin with
30 days intervention of kasīsa bhasma was 1.88 g/dl and
Dhātrī avaleha was 1.2 g/dl. Kasīsa bhasma effects on
haemoglobin were comparable to the therapeutic goal of
oral iron therapy of raising serum haemoglobin by 1–2 g/dl
every two weeks.[25]
Better outcome of kasīsa bhasma can be attributed to
presence of iron whose oxidative state could be ferrous
state.[26] Kasīsa is the only Iron preparation of ayurveda
to have iron in ferrous state and the oxidative status of
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Iron in Kasīsa Bhasma remains to be studied. Studies
have established importance of ferrous iron in absorption
and therapeutics of Iron deficiency anaemia.[27] Bhasma is
an Ayurveda metal/mineral preparation containing nano
particles as a result of the processing that facilitate drug
absorption in the body.[28] A previous study[29] on śuddha
Kasīsa (pure kasīsa) has also showed similar results in
terms of significant increase in haemoglobin, Total RBC
Count, MCV, MCH, PCV. Poly herbal drug Dhātrī avaleha
contains various ingredients such as Vaṃśalocana (Silicious
concretion obtained from Bambusa arundinaceae Willd.),
Śunṭhī (Zingiber officinale Rosc.), Madhuyaṣṭi (Glycyrrhiza
glabra Linn), Pippalī (Piper longum Linn.), Mṛdvīkā (Vitis
vinifera), Śarkarā (Saccharum officinarium Linn.),
Āmalakī (Emblica officinalis Gaertn.), Honey. Emblica
officinalis is one of the richest sources of ascorbic acid.
Role of ascorbic acid is well established in converting
ferric iron to ferrous iron and helping in its absorption in
the body.[27] Ascorbic acid is specially helpful in Indian
population who on an average consume more vegetarian
foods with low iron bioavailability. Other herbal ingredients
through their antioxidant, micro nutrients value might have
helped in nutritional uptake and alleviated anemia in the
patients. Interventions showed no untoward or adverse
reactions. Dhātrī avaleha has also shown to have a potential
role as an adjuvant in the management of Thalassemia.
[30]
Other Ayurveda formulations such as Dhātrī loha,[31]
Haṃsa maṇḍura[32] and Phalatrikādi kvātha[32] have also
shown favorable outcomes in IDA.
Improvements not only sustained in most of the parameters
but also progressed during the drug withdrawn observational
period. The reason for this may be the sustained long term
effect of the drugs. The drugs might also have played a role
in correcting the defective absorption of micro nutrients
such as iron from food supplements. These drugs increase
the agni (metabolic process) and which in turn help in
correcting the deficits in the metabolism. Another study[33]
has also shown the therapeutic effect and sustainability
effect of Ayurveda formulations in nutritional deficiency
anaemia in children.
Advantage of the kasīsa bhasma when compared to the
conventional oral iron therapy is the lack of adverse
effects. Gastrointestinal disturbances such as nausea,
heartburn, pain, constipation, and diarrhoea are the most
commonly reported side effects, irrespective of the type
of conventional iron preparations used. This occasional
intolerance is usually viewed as a limiting factor for oral
iron therapy, as it may impact patient compliance.[34]
The present study highlights that Ayurveda intervention
can successfully treat IDA. However, scarcity of
documentation and lack of validation are few of the
hindrances in their propagation. Ayurveda and other
traditional medicinal systems have the potential to provide
effective, economical and safer medications to IDA which
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has a large ailing community. A randomized, controlled,
open label clinical study could effectively demonstrate
the outcome. Outcomes were effectively captured in
various subjective and objective parameters. A nonIron
formulation, Dhātrī avaleha can also a play a significant
role in IDA management.
This study has a few limitations such as lesser sample,
shorter duration of intervention. Comparison with the
currently used medications of IDA such as ferrous sulphate
would have been more beneficial. Assessment of iron state
by serum ferritin, Erythrocyte protoporphyrin, Serum iron,
transferrin, and transferrin saturation, Serum transferrin
receptors would have also added value. Detailed study of
these drugs and their pharmacokinetic studies can thro̐
more light.

Conclusions
This study stresses the importance of two Ayurveda
medications in the management of IDA. Kasīsa bhasma
and a nonIron formulation, Dhātrī avaleha could effectively
improve Hematological parameters of IDA. Improvements
not only sustained in most of the parameters but also
progressed in few of the parameters during the drug
withdrawn observational period. Hence, these medications
can play a role in refining the current strategies for IDA
management.
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ABSTRACT
Lupus nephritis (LN) occurs in up to 40-50% of patients with systemic lupus erythematosus (SLE). Renal
involvement remains the strongest predictor of morbidity and mortality among patients with SLE. To Study the
clinical features and histopathology of patients with lupus nephritis and also to look for risk factors, prognostic
markers and short term renal outcomes. This study is a ongoing prospective observational clinical study between
February 2012 to February 2016. Patients with clinical features of lupus nephritis satisfying at least four of the
ARA criteria for SLE. And newly diagnosed at the time of renal biopsy were included. Descriptive statistics,
One-way ANOVA and Chi square test was applied during analysis. Total 100 patients were studied, The mean age
at presentation was 27.3±9.8. Majority were females (F: M= 8:1). Arthritis (78%), rash (62%), and fever (68%)
were the most common clinical manifestations at the onset. The mean duration of symptoms prior to diagnosis was
12±6.41 months. One third of the patients were hypertensives at the time of presentation. Leucopenia (21%),
thrombocytopenia (18%), nephrotic range proteinuria (34%) serum creatinine (2.12±1.70), low C3(77%), low
C4(38%), eGFR 49.11±15.15, activity index (7.45±11.53), chronicity index (1.56±1.68), serum albumin (2.27±0.70)
at presentation and (2.83±0.72) at 6 months. Majority belonged to class IV(76%) lupus nephritis followed by class
III (10%), class II(4%), class V (4%) class V+VI(3%) V+III(3%). Majority (53%) presented with an eGFR between
>60 ml/min, 10% with eGFR 15-30 ml/min and 8 % patients presented with an eGFR of <15 ml/min. Among
outcomes, 41(%) complete remission, (27%) partial remission and (32%) no remission to treatment. Eight patients
had crescents in the histopathology and two patients had thrombotic microangiopathy and three patients had APLA
syndrome. All achieved only partial remission. Eight patients reached ESRD. Mortality was seen in 10% secondary
to infection due poor follow up. An younger age at diagnosis, low GFR and high serum creatinine at presentation,
high activity with chronicity indeces and class IV±V lupus in histopatholgy were considered to be a poor prognostic
marker. The outcome of lupus nephritis with standard immunosuppressive regimens is reasonable, but
immunosuppression is associated with a high rate of infection. Early identification of risk factors and prognostic
markers helps to initiate aggressive treatment at disease onset to obtain the best response
Keywords: Lupus Nephritis, Remission, eGFR, Histopathology,
_____________________________________________________________________________________________
INTRODUCTION
Systemic Lupus Erythematosus (SLE) is a multisystem autoimmune disease primarily occurring in young women
and characterized by varied clinical and laboratory manifestations. Lupus nephritis (LN) occurs in up to 40-60% of
patients with systemic lupus erythematosus (SLE)1.Renal involvement remains the strongest predictor of morbidity
and mortality among patients with lupus, and despite improvements in the management of lupus, the incidence of
end-stage renal disease has not declined. Cyclophosphamide has remained the mainstay in the treatment of lupus
nephritis and it is against this drug the other therapies are compared2. Studies involving subjects from the Indian
subcontinent have been far and few. In the current study, we prospectively analyzed biopsy proven lupus patients for
clinical features, prognostic markers and short term outcomes.
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MATERIALS AND METHODS
This study was a prospective cross sectional observational study done between Feb 2012 to Feb 2016. Patients with
clinical features of lupus nephritis satisfying at least four of the ARA(American rheumatological association) criteria
for SLE3. Both out patient and in-patients and those newly diagnosed at the time of renal biopsy were included.
Patients with end stage renal disease(ESRD), patients with previous history of renal pathology, those who received
nephrotoxic drug therapy in the recent past, and patients with active infection at any site were excluded. Suspected
cases of lupus nephritis were tested for ANA, Anti dsDNA and complements levels. Active lupus nephritis was
defined by urine RBC >5/hpf or RBC/WBC/granular casts in the urine, proteinuria of more than 0.5 gm/day. Renal
biopsy was performed in all patients. Renal biopsies were categorized according to WHO/ISN/RPS classification4
and activity, chronicity index and SLEDAI index was applied.
All the patients received induction therapy with intravenous pulse methyl prednisolone (500 mg once daily for three
days). Sixty five patients received induction with intravenous pulse cyclophosphamide as per EUROLUPUS
protocol5 and 22 patients received induction with intravenous pulse cyclophosphamide as per NIH per protocol6.
Leucocyte counts (to be kept above 3000/cu mm) done on the tenth day following administration. Dosage was
adjusted to renal function, with a 25% reduction in dose for an eGFR(estimated GFR) of <15 ml/min. All the
patients received oral prednisone, (1 mg/kg/day) for four weeks and then gradually tapered, according to clinical
improvement, by 10 mg/week to a maintenance dose of 5-7.5 mg/day. Eleven patients received induction with
mycophenolate mofetil (MMF), 500 mg two times daily, along with prednisone. Two patients received
tacrolimus+MMF+prednisolone. All the patients received hydroxychloroquine and one third received ACE
(angiotensin ‑converting enzyme) inhibitors, or ARB (angiotensin II receptor antagonists). Renal flares were treated
with increasing oral prednisone or additional IV methyl prednisolone pulses as required. Sixty of the 89 female
patients were sexually active and were advised barrier contraception. They were counseled regarding the risks
inherent to lupus in pregnancy and all of them agreed to defer pregnancy till disease quiescence.
The primary outcome measure was complete remission (CR). This was defined as per KIDIGO guidelines7, return of
SCr to previous baseline, plus a decline in the Upcr( urine protein creatinine ratio) to <500mg/g creatnine. A partial
remission (PR) was defined as Stabilization (±25%), or improvement of SCr, but not to normal, plus a >50%
decrease in uPCR. If there was nephrotic-range proteinuria (uPCR <3000mg/g, improvement requires a >50%
reduction in uPCR, and a uPCR <3000mg/g. Treatment failure was defined as any of the following – proteinuria of
more than 3gm/day, a rise in creatinine of 25% or more above the baseline or discontinuation of treatment due to
side effects. Renal relapses were considered to be present if any of the following occurred (1) increase of
proteinuria by 0.5 g/day to a value more than 1g/day in a patient previously in PR or CR (2)recurrence of active
sediment (3) a decrease in estimated GFR by 30 ml/min.
Laboratory tests C3, lipid profile, anti-dsDNA were done at baseline and whenever relapse was suspected.
Secondary end points included eGFRs, and proteinuria, adverse effects, renal relapses, treatment failures,
progression to ESRD, or death. Descriptive statistics are reported as frequency and percentage for categorical
variables and as mean and standard deviation for continuous variables. One‑way ANOVA was carried out to detect
the differences, if any, in the baseline clinical and laboratory (continuous) variables among patients with partial,
complete, or no remissions at the end of study period. Similarly, Chi square test was carried out to detect differences
in categorical variables in the same groups.
RESULTS
Total 100 patients included in the study with 89 being female. The mean age at presentation was 27.3±9.8 (range 1047) years. Majority were females (F: M= 8:1). Baseline clinical and laboratory characteristics of patients are shown
(Tables 1 and 2).
Arthritis (78%), fever (68%) and rash (62%) were the most common clinical manifestations at the disease onset. The
mean duration of symptoms prior to diagnosis was 12±6.41 months. One third of the patients were hypertensives at
the time of presentation.
Seventy seven patients had low C3 levels at presentation. Indicating the disease activity in majority of the patients.
Forty four of 100 patients presented with baseline creatinine of <1.5 mg/dl, 28 (63.6%) achieved complete
remission, 8 (18.1%) patients achieved partial response. Fifty patients presented with a baseline creatinine of ≥2.5
mg/dl, of them eight patients (18.1 %) achieved a partial response, and 4 patients (9.9%) a complete remission.
Majority (53%) presented with an eGFR between >60 ml/min, 10% with eGFR 15-30 ml/min and 8 % patients
presented with an eGFR of <15 ml/min at the initial presentation.
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Twenty seven patients attained partial remission, 41 patients achieved complete remission, and 32 patients had no
remission to treatment (Fig 1). Eight patients reached ESRD among them 7 patients had treatment failure secondary
to drug default and 10 patients expired due to infection and all of them presented with refractory septic shock. Eight
patients had crescents in the histopathology and two patients had thrombotic microangiopathy. Three patients had
APLA syndrome. All achieved only partial remission.
Average time to achieve complete remission was 5.0 (±1.6) months and to achieve partial remission was 3.5 (±2.0)
months. Significant improvement in the serum albumin before (2.27±0.70) and after 6 months (2.83±0.72) of
treatment was observed (P value=<0.001). Indicating good response to therapy and also improved nutrition after
initiation of therapy.
On one way ANOVA [Table 3], there were significant differences in the baseline activity and chronicity indices and
eGFR, among patients with no, partial, or complete response. Patients with complete responses had a lower
chronicity score and a shorter delay in treatment compared to patients with no remission (P < 0.001). Patients with
no remission had both higher chronicity and activity indices (P < 0.001). The serum albumin significantly improved
following treatment in patients who achieved complete remission (P < 0.001). The baseline proteinuria negatively
correlated with the eGFR at end of the study. There was a trend toward higher SLEDAI index in patients with no
remission (P = 0.034). This could be because of refractory active disease in these patients (Table 4 and Table 5).
There were no differences in the age at diagnosis, gender, clinical features (arthritis, rash, oral ulcers, CNS disease,
serositis, photosensitivity), C3 levels, serum albumin, biopsy class, or therapy in patients with no, partial, or
complete remission. The class of biopsy (class III or IV) did not correlate with the response. There was a significant
correlation between eGFR at the study and age at diagnosis, hypertension and baseline renal function. Proteinuria at
end of study correlated with the activity index, chronicity index and hypertension and baseline renal function.
Remissionat the end of study correlated with age at diagnosis, hypertension, activity and chronicity. The specific
treatment given with mycophenolate or cyclophosphamide or tacrolomus did not correlate with any of the outcome
variables.
CNS involvement was present in 10/100 (10.0%) patients. Leucopenia was present in 21(21.0 %) and
thrombocytopenia in 18(18.0%) patients. Hypothyroidism is seen 9 patients.Two or more organ involvement was
present in 15 (15%) patients. Presence of other organ involvement did not influence the renal response.
Adverse events
The significant adverse events recorded were avascular necrosis of femur head in one patient, pulmonary
tuberculosis in one patient, amenorrhea in ten patients, Herpes zoster in three patients, psychosis due to steroids was
experienced by one patient, acute pancreatitis in one and cataract in one patient. Leucopenia necessitating either
dose reduction or withdrawal of drugs was not recorded. Hemorrhagic cystitis was not seen in our patients.
DISCUSSION
There has been a considerable improvement in the survival of patients with lupus nephritis, which has been
attributed to an increased awareness, early referral to nephrologists, introduction of cyclophosphamide ,
effectiveness of newer induction regimens, and an overall improvement in medical care. However for various
reasons a significant proportion of patients with lupus nephritis do not achieve complete remission despite treatment
with cyclophosphamide[8].
The mean age of subjects in our study (28.21±9.41) was similar to the subjects who participated in the NIH study by
Gourley et al.[9] Compared to the Caucasian [10] and African American patients, [11] the patients in the present study
had a higher creatinine level but a lower degree of proteinuria at baseline. They also had a younger age at onset and
lower activity, but higher chronicity indices on renal biopsy[12]. Nephrotic syndrome was seen in 1/3 rd of our
patients, which was comparable to studies done by Chrysochou et al[13], Bono et al,[14]. Beji et al[15] and however
Martins et al[16] had less number of patients with nephrotic syndrome. Various studies have shown different number
of people with renal failure at presentation. Renal failure was seen in 64% of our patients which was comparable to
study done by Bono et al[14]. A younger age at diagnosis is considered to be a poor prognostic marker. In our study,
the age of patients at diagnosis ranged from 10 to 47 years. Twenty one patients belonged to the age range of 10 to
20 years at the time of diagnosis. Over this age range, the age at diagnosis (as well as the present age) was
negatively correlated with remission and eGFR at the study. This may have been due to a longer latency for
treatment in those of older age. Other markers of poor prognosis – hypertension, lower eGFR at baseline, and a
higher chronicity and activity indices at baseline were also corroborated in our study.The prognostic and therapeutic
significance of the degree of activity (active inflammation) and chronicity (glomerular scarring, tubulointerstitial
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fibrosis, and atrophy) in diffuse LN has been somewhat controversial[17].Although some investigators have proposed
that high levels of chronicity are associated with progressive renal failure that is less likely to respond to
immunosuppressive therapy[18], others have noted that the degree of activity and chronicity are often similar in
patients who progress to renal failure and in those who maintain stable renal function. Majority of our patient
belonged to class IV lupus nephritis(76%) and followed by class III(10%). Blood urea and serum creatinine were
observed to be higher in Class IV as compared to other classes. This could be explained by the severity of renal
lesion in Class IV. This finding confirm to other studies reporting that creatinine >2.4 is associated with poor
survival outcome reflecting more severe renal disease. In our study class IV lupus nephritis who had more chronicity
index had worst outcome in the form of partial remission and no remission similar results was observed with study
by yung et al[19]. The rate of complete remission (41%) achieved in our study was similar to that achieved by Korbet
et al,(43%)[20] but higher remission were achieved in other studies[21,22,23].A higher remission rate of 82% was
achieved by Moroni G et al,but this was due to the use of oral cyclophosphamide with a higher cumulative dose[24] A
recent study done at southern India by Annavarajula, et al. achieved partial remissionof 30.77% which was similar
to our study (27%) and complete remission of 51.28% [25]. The rate of complete and partial remission from another
study at eastern India showed 23.3% and 21% respectively which much lesser than our study[26].
A much higher remission rate (78%) was achieved with a longer duration of treatment by Ioannidis et al.[23]
Comparing remission rates between studies of lupus nephritis is also limited by the varying definitions used to
define remission. For instance, proteinuria of less than 1 g considered to be suggestive of remission by Gourley et
al,[9] in the NIH studies is much lesser stringent than the criteria proposed by the KIDGIO which we considered in
our study. The other factors which assumed significance in predicting remission were a higher eGFR. Annavarajula
et al study found predicting remission were a higher eGFR and concurrent use of ACE inhibitors. We did not use
ACE inhibitor in all patients and hence we were not able to analyze this association. Serum creatinine was found to
be predictive in studies by Illei GG[21]and Moroni G[24] et al which is similar to the present study. The reported
rates of relapse vary from 25% at 5 years, to 46% at 10 years [27,28]. The duration of follow up was too short to
provide meaningful rates of relapse. Twenty percent of our patients experienced treatment failure. This is slightly
higher compared to the rate of treatment failure in the Euro Lupus trial (16% in the low dose cyclophosphamide
arm; 20% in the high dose arm),[5] the probably reason could be due to more number our patients had higher
chronicity indices.
Strenghths of our study was good number of the study subjects. All patients underwent biopsy and were included in
the study, standard protocol of treatment was initiated, rigid follow up to look for outcome. However limitation were
it is a short term study looking for the outcome, which may not be sufficient time to observe the outcome. Analysed
all aged population, not excluded children due to different type of manifestation in them.
CONCLUSION
An younger age at diagnosis, low GFR and high serum creatinine at presentation, high activity and chronicity
indeces and class IV±V lupus in histopatholgy were considered to be a poor prognostic marker. The outcome of
lupus nephritis with standard immunosuppressive regimens is reasonable, but immunosuppression is associated with
a high rate of infection. Early identification of risk factors and prognostic markers helps to initiate aggressive
treatment at disease onset to obtain the best response.
Table 1: Baseline clinical characteristics of 70 patients
Clinical parameters
Age (years)
Gender (M/F)
Arthritis
Rash (malar or peripheral)
Serositis (Pleuritis or pericarditis)
Fever at presentation
CNS manifestations
Oral ulcers
Photosensitivity
Hypertension at onset

NUMBER OF PATIENTS
28.21±9.41
11/89
78
62
19
68
10
34
31
33

Table 2: Baseline laboratory values in patients
Characteristics
Leucopenia
Thrombocytopenia
Anti dsDNA positive
Nephrotic range proteinuria
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Hemoglobin (g/dl)
Serum Albumin (g/dl) at presentation
Serum Albumin (g/dl) at 6 months
C3 low
C4 low
Urine protein excretion (g/24 h)
Serum creatinine (mg/dl)
eGFR (ml/min)
Activity index
Chronicity index
SLEDAI
Biopsy class
II
III
IV
V
V+VI
V+III
eGFR at presentation
>90 ml/min
60-90 ml/min
30-60 ml/min
15-30 ml/min
<15 ml/min

8.55±2.18
2.27±0.70
2.83±0.72
77
38
3.49±2.18
2.12±1.70
49.11±15.15.07
7.45±11.53
10.50±4.09
1.56±1.68
7.45±11.53
4
10
76
4
3
3
33%
20%
29%
10%
8%

Fig 1 Bar diagram showing outcome of the treatment

50
40
30
20
10
0
Complete
Remission

Partial Remission

No Remission
.

Table 3: One way ANOVA between important baseline clinical and laboratory variables and patients categorized into no, partial and
complete remission
variables
Age in years
Urineprotein24 hour
GFR
Creatinine Presentation
Creatinine at 6 months
Hemoglobin (g/dl)
TLC
Platelet Count
Albumin Presentation
Albumin at 6 months
SLEDAIindex
SBP (mm Hg)
DBP (mm Hg)
Activity Index
Chronicityindex

No Remission
29.34±9.99
3.48±2.25
36.69±11.70
2.83±0.97
2.93±2.18
8.48±1.66
8207.19±6650.85
2.22±1.32
2.37±0.75
2.47±0.63
11.78±4.23
132.69±19.76
84.13±12.06
14.25±3.76
2.72±1.37

Response to treatment
Partial remission
Remission
28.11±9.17
27.39±9.24
3.87±2.77
3.23±1.63
45.74±9.59
61.02±10.95
1.99±2.10
1.64±1.70
1.39±0.55
0.95±0.55
8.35±1.45
8.74±2.86
6395.56±2659.98 6589.46±2590.92
1.72±0.82
2.25±0.95
2.07±0.63
2.31±0.69
2.70±0.65
3.20±0.67
5.78±2.90
5.17±16.96
125.56±15.53
124.59±20.25
83.19±9.99
79.37±11.90
10.70±2.48
7.44±2.36
1.70±1.79
0.56±1.16
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Total

P value

28.21±9.41
3.49±2.18
49.11±15.15.07
2.12±1.70
1.70±1.56
8.55±2.18
7054.78±4365.65
2.10±1.07
2.27±0.70
2.83±0.72
7.45±11.53
127.44±19.09
81.92±11.56
10.50±4.09
1.56±1.68

0.682
0.500
<0.001**
0.010**
<0.001**
0.752
0.192
0.101
0.235
<0.001**
0.034*
0.166
0.176
<0.001**
<0.001**
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Table 4: Pearson’s and point bi-serial correlation between outcomes and baseline variables
Baseline variables
Age at diagnosis
Hypertension
Nephrotic syndrome
eGFR baseline
Activity index
Chronicity Index

Biseriel /Pearson correlation with remission
R value
P value
-0.073
0.470
0.073
0.166
-0.097
0.176
0.662
<0.001**
-0.627
<0.001**
-0.497
<0.001**

Table 5: Pearson’s and point bi-serial correlation between eGFR and proteinuria
Variables
Age at diagnosis
Proteinuria
eGFR baseline
Activity index
Chronicity Index
SLEDAI Index
Hb
TLC
Platelet count
Alb at presentation
Creatinine at presentation

Pearson correlation with eGFR
r value
p value
-0.083
0.413
-0.151
0.133
-0.607
<0.001**
-0.402
<0.001**
-0.314
0.001**
-0.116
0.251
-0.050
0.622
0.103
0.309
0.091
0.367
-0.462
<0.001**

Pearson correlation with proteinuria
r value
p value
0.029
0.778
-0.151
0.133
0.074
0.465
-0.017
0.667
-0.105
0.299
0.011
0.916
-0.083
0.412
-0.088
0.383
-0.149
0.139
0.252
0.011**
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a b s t r a c t
The present work aims to investigate targeting potential of doxorubicin (Dox) functionalized gold
nanoparticles (D-GNPs) for treatment of chemically induced ﬁbrosarcoma in mice. Carrier GNPs were synthesised by green chemistry method and loaded with doxorubicin by incubation method. D-GNPs were
studied for its biocompatibility using normal mouse ﬁbroblasts (L929) and found to be cell compatible and
non-toxic. D-GNPs (at a dose of 2.5, 2 and 1.5 mg/kg equivalent to Dox) demonstrated passive targeting
measured as function of antitumor efﬁcacy against chemical induced ﬁbrosarcoma which showed higher
latency to the tumour growth as compared to free Dox (2.5 mg/kg). D-GNPs exhibited signiﬁcantly higher
therapeutic anticancer efﬁcacy (∼81% tumour suppression at dose of 2.5 mg/kg equivalent to Dox) in the
same model as compared to that of free doxorubicin (∼48% tumour suppression at dose of 2.5 mg/kg).
Safety proﬁle and targeting efﬁciency of developed formulation was established by assessing cardiac and
blood markers.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
Doxorubicin (Dox) is a well-known semisynthetic, anthracycline antibiotic partly obtained from bacterial species and used in
cancer therapeutics. It works by intercalating DNA by inhibiting
DNA topoisomerase I and II, with the most dangerous side effect
being heart damage and myelosuppresion. Dox ﬁnds its use in treatment of blood cancer (leukaemia and lymphoma), sarcomas and
organ cancers of stomach, bladder, lungs, ovaries, breast, etc. [1].
Despite the widespread application of Dox in cancer treatment, its
medical use is restricted because of its most severe side effect like
cardiomyopathy, leading to congestive heart failure. The frequency
of cardiomyopathy is dependent on its cumulative dose and the situation worsens when multiple dosing of Dox becomes compulsory.
The damaging effect of Dox is more severe on paediatric cancer
survivors in which about 10% of these patients receiving Dox will
develop systematic cardiomyopathy after the end of chemotherapy
[2].
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Several studies suggest that a lower weekly doses, sustained
release, targeted dosing or even continuous infusion will satisfactorily suppress solid tumor with reduced cardiac damage [2]. The
most effective tool to prevent Dox induced cardiotoxicity is modulating the dose by altering the drug delivery system. One such
approach is use of nanotechnology for targeting Dox to cancerous
cells which could subsequently reduce its associated side effects on
cardiac and myeloid cells.
Cancer nanotechnology is a potential area of research due to
its widespread applications in treating cancer, including imaging,
diagnosis and targeted therapy. Nanoscale size range of particles
is manipulated for targeted therapy of anticancer drugs [3]. It is
expected that on administration into circulatory system nanocarriers like gold nanoparticles (GNPs) should reach at the diseased
tissues via two different mechanism’s namely passive or active
targeting. In present investigation, we have focused on passive
targeting approach for targeting Dox to cancerous cells. Passive targeting depends on aggregation of the drug of interest in malignant
tissues due to extravasation through leaky (gaps ∼600 nm) blood
vessel. GNPs, in the size range of 5–200 nm take advantage of the
enhanced permeation and retention (EPR) effect leading to effective
passive targeting of loaded anticancer drug [4].
Although various nano formulations have been designed to
improve the anticancer potential of Dox, most of the studies are
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limited only to in vitro testing on cancer cell lines [5,6]. Further,
potential of GNPs in improving the anticancer efﬁcacy of Dox with
subsequent reduction in associated side effects is very less explored
till date. In this regard, even though doxorubicin nanoparticles have
been formulated with different polymers like dextran-chitosan
derivative [7], PEGylated gelatin conjugate [8], polyethylene sebacate [9], poly (butyl cyanoacrylate) [10], lipids conjugates [11]
and micellar conjugates of PEG and block graft copolymers [12],
pH sensitive polymers [13] are used for targeting doxorubicin
to brain, hepatic, breast cancers, but merger data is available on
study of its associated toxicity. Moreover, almost all polymers used
for formulation of nanoparticles are synthetic in origin leading
to poor biodegradability, biocompatibility (use of synthetic polymers) and have stability issues. Some nanoformulations showed
lower stability whereas micellar nanoformulations of Dox may lose
its structural architecture in differential pH of GIT. Further, the
efﬁcient therapeutic application of the aforementioned delivery
system is limited by its poor industrial scalability. Hence, green
synthesised GNPs could serve as a potential carrier which could
overcome the issue of biocompatibility, biodegradability, targeting
ability (acts by passive targeting), improved loading capacity, stability and scalability. Although literature suggests that doxorubicin
have been tagged to resveratrol mediated gold nanoparticles (green
chemistry method) but the study is limited to in vitro anticancer
studies [14]. In another study, doxorubicin loaded magnetic gold
nanoparticles was formulated and studied for its in vivo antitumor
activity but the study did not demonstrated dose related effects and
its implication on associated side effects [15].
Herein, we stemmed our work to investigate the targeting
potential of Dox loaded gold nanoparticles (D-GNPs) formulation
in the chemically induced ﬁbrosarcoma bearing animals. A signiﬁcant correlation of the in vivo antitumor targeting of D-GNPs with
associated side effects was generated.
2. Materials
Gold (III) chloride hydrate (99.99% metal basis), cysteine, histidine, human serum albumin, bovine serum albumin was purchased
from Sigma-Aldrich, Pune, India. Normal mouse ﬁbroblasts used
in this study were obtained from the National Centre of Cell Science, Pune, India. Dulbecco’s modiﬁed Eagle medium (DMEM),
fetal bovine serum (FBS), and Pen Strep (a mixture of penicillin
and streptomycin) was procured from Gibco Life Technologies
(Auckland, New Zealand); gentamycin (4 mg/ml) and amphotericin
(5 mg/ml) were purchased from Himedia Pvt. Ltd. (Mumbai, India).
Deionized water was obtained from Shimadzu milli Q water system. Doxorubicin hydrochloride was obtained as generous sample
from RPG Life Sciences Limited, Mumbai, India. All other reagents
used were of analytical grade.
3. Methodology
3.1. Synthesis of gold nanoparticles and its characterization
Aqueous plant extract of heartwood of Pterocarpus marsupium
was prepared by boiling 10 g coarse plant powder with 100 ml of
deionized water for 15 min. Prepared extract was ﬁltered through
whatmann ﬁlter paper # 41 and studied for its preliminary phytochemical analysis. GNPs were prepared by addition of 1 ml aqueous
plant extract to 10 ml of gold chloride solution (0.5 mM) at 40 ◦ C.
Visual colour change followed by UV–vis spectroscopy was used
to conﬁrm synthesis of GNPs. Synthesized GNPs were separated
from the mixture using high speed refrigerated centrifuge (Kub◦
ota 6500, Japan) at 17,000 rpm, 4 C for 20 min. Settled pellets
(GNPs) were collected and re-suspended in deionised water and

centrifuged thrice to yield pure GNPs. PM stabilized GNPs were
characterised for particle size, zeta potential and polydispersity
index using Zeta Sizer (Malvern Instrument, UK). Transmission
electron microscopy (TEM) coupled with SAED (Selected area
electron diffraction) (Hitachi H-7500, Japan) equipped with CCD
camera was used to record the images. GNPs colloidal sample was
deposited on sample holder carbon coated copper grid and scanned
at magniﬁcation of 200,000× to get the images, in which a spot was
ﬁxed and analysed for SAED to conﬁrm crystallinity of synthesised
GNPs [16].
3.2. Inductive coupled plasma-atomic emission spectroscopy
(ICP-AES) of GNPs
ICP-AES (Spectro Arcos, Germany) was employed for qualitative
and quantitative estimation of gold content at ppm level. Initially,
calibration curve of known gold was obtained by using standard
gold solution (NIST H (AuCl4 ) in HCl 2 mol/l 1000 mg/l Au Certipur® ,
Catalog no: 170216, Merck Millipore corporation, Germany) concentrations of 0.1, 1, 10 and 100 ppm at 242.80 nm. Prior to analysis,
GNPs sample (3 ml) was pre-treated with 3 ml concentrated nitric
◦
acid and heated to 75 C for 15 min until it turns colourless. Samples
were then ﬁltered, volume was made upto 10 ml and analysed for
gold content. Experiments were performed in triplicate and results
are expressed in mean (ppm) ± standard deviation [17].
3.3. Formulation and characterization of Dox loaded GNPs
(D-GNPs)
D-GNPs were formulated as mentioned in our previous studies
[5] in which GNPs and Dox (10:1) were incubated at room temperature for 24 h and were ﬁnally analyzed for its loading efﬁciency,
particle size, zeta potential and polydispersibility index (PDI). The
drug release of D-GNPs was studied under simulated physiological
conditions using phosphate buffer with a pH of 7.4 at 60 rpm and
37 ◦ C.
3.4. Biocompatibility studies
3.4.1. In vitro stability studies of D-GNPs
In vitro stability studies were performed by mixing equal volumes of D-GNPs and aqueous solution each of 0.2 M cysteine, 0.2 M
histidine, 2% human serum albumin (HSA), 2% bovine serum albumin (BSA), phosphate buffer pH 2, 5, 7, 10, 12 and 0.9% NaCl, and
incubated for 48 h. Aliquots of samples were analysed after 30 min,
12 h, 24 h, 48 h using UV–vis spectroscopy [16,17].
3.4.2. Cytotoxicity assay of GNPs, Dox and D-GNPs
Normal mouse ﬁbroblast (L929) cell lines were seeded in the 96
well ﬂat bottom plates at the densities of 1 × 104 cells/well/0.1 ml
medium and allowed to adhere by incubating for a period of 24 h in
CO2 incubator (Eppendorf, New Brunswick, Galaxy 170R, Germany)
maintained at 37 ◦ C and 95% humidity. The cell count was determined using a haemocytometer. The medium was discarded and
replaced with fresh medium (0.1 ml) containing different concentrations of Dox (100, 50, 25, 12.5, 6.25 and 3.125% where 100%
represents 25 g/ml), D-GNPs (100, 50, 25, 12.5, 6.25 and 3.125%
where 100% represents 25 g/ml of equivalent of Dox), and GNPs
(100, 50, 25, 12.5, 6.25 and 3.125%) followed by incubation at 37 ◦ C.
At the end of 24 h the medium in each well was discarded and
50 l of methyl thiazolyl tetrazolium (MTT) solution (5 mg/ml in
phosphate buffer saline) was added to each well and the plate was
incubated at 37 ◦ C. On completion of 4 h, DMSO (100 l) was added
to each well to dissolve formed formazan crystals and absorbance

https://daneshyari.com/article/5557634

Neurogenetics (2016) 17:265–270
DOI 10.1007/s10048-016-0495-z

SHORT COMMUNICATION

Defining the genetic basis of early onset hereditary spastic
paraplegia using whole genome sequencing
Kishore R Kumar 1,2 & G.M. Wali 3 & Mahesh Kamate 4 & Gautam Wali 1 &
André E Minoche 2 & Clare Puttick 2 & Mark Pinese 2 & Velimir Gayevskiy 2 &
Marcel E Dinger 2,5 & Tony Roscioli 1,5,6 & Carolyn M. Sue 1 & Mark J Cowley 2,5

Received: 4 July 2016 / Accepted: 12 September 2016 / Published online: 28 September 2016
# The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract We performed whole genome sequencing (WGS)
in nine families from India with early-onset hereditary spastic
paraplegia (HSP). We obtained a genetic diagnosis in 4/9
(44 %) families within known HSP genes (DDHD2 and
CYP2U1), as well as perixosomal biogenesis disorders
(PEX16) and GM1 gangliosidosis (GLB1). In the remaining
patients, no candidate structural variants, copy number variants or predicted splice variants affecting an extended candidate gene list were identified. Our findings demonstrate the
efficacy of using WGS for diagnosing early-onset HSP, particularly in consanguineous families (4/6 diagnosed),
highlighting that two of the diagnoses would not have been
made using a targeted approach.
Kishore R Kumar, G.M. Wali, Mahesh Kamate, Tony Roscioli, Carolyn
M. Sue and Mark J Cowley contributed equally to this work.
Electronic supplementary material The online version of this article
(doi:10.1007/s10048-016-0495-z) contains supplementary material,
which is available to authorized users.
* Kishore R Kumar
kkum4618@uni.sydney.edu.au

1

Department of Neurogenetics, Kolling Institute of Medical Research,
Royal North Shore Hospital and University of Sydney, St
Leonards 2065, Australia

2

Kinghorn Centre for Clinical Genomics, Garvan Institute of Medical
Research, Darlinghurst, Australia

3

Neurospecialities Centre, Belgaum, India

4

Department of Paediatrics, KLE University’s Jawaharlal Nehru J N
Medical College, Belgaum, India

5

St Vincent’s Clinical School, University of New South Wales,
Sydney, Australia

6

Department of Medical Genetics, Sydney Children’s Hospital,
Randwick, Australia

Keywords Hereditary spastic paraplegia . Whole genome
sequencing . Metabolic . Gangliosidosis . Zellweger .
SPG54 . SPG56

Introduction
The hereditary spastic paraplegias (HSPs) are a group of disorders characterised by progressive lower limb weakness and
spasticity. There is marked genetic heterogeneity with over 60
genes identified. Massively parallel sequencing approaches
such as targeted multigene panels, whole exome sequencing
(WES), and whole genome sequencing (WGS) have facilitated genetic diagnosis in HSP [1, 2]. WGS may have advantages over WES including more consistent coverage and the
potential for more precise detection of structural variants
(SVs) and copy number variants (CNVs). For example,
single- or multiexon-sized deletions can be found in autosomal dominant and autosomal recessive HSP (SPG4 and
SPG11, respectively). The goal of this study was to assess
the utility of WGS in a previously undiagnosed sample of
early-onset HSP from India.

Brief methods
The research was approved by the appropriate institutional
ethics committee (HREC/10/HAWKE/132), and all participants provided written informed consent. We initially recruited ten consecutive families with early-onset HSP from the
NeuroSpecialities Centre or KLE University Hospital in
Belgaum, India.
WGS was performed on at least one affected proband.
Parents and siblings were included for consanguineous families, subject to DNA availability. Genomic DNA was extracted
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from peripheral blood leucocytes (NucleoSpin® Blood,
Macherey-Nagel). WGS was performed on the Illumina
HiSeq X sequencers at the Kinghorn Centre for Clinical
Genomics (KCCG). Data were analysed following the
GATK best practises pipeline, as described [3]. Gender and
relatedness checks were performed using PLINK and KING
[4].
Variants were prioritised according to population frequency
databases (including ExAC), variant impact, in silico prediction (SIFT and Polyphen2), known HSP genes
(Supplementary Table 1), genes previously associated with
neurological phenotypes and the HSPome [5], using Seave
(seave.bio). For the family studies, variants were also filtered
according to homozygous, compound heterozygous, de novo
dominant and X-linked recessive models of inheritance, as
appropriate. All candidate variants were confirmed by
Sanger sequencing. Homozygosity mapping was performed
using ROHmer (Puttick et al., manuscript in preparation).
Detection of SVs and CNVs was performed using
VarPipeSV (Minoche et al., manuscript in preparation). To
predict the impact that all coding and intronic SNPs from
HSP genes would have on splicing, we used SPANR [6].
Variants were classified according to ACMG 2015 criteria
[7]. See the Supplementary File for methods in detail.

Results
We recruited ten families to this study; however, following
gender and relatedness checks, we identified a sample mixup
in family 10, which we could not reconcile; so this family was
removed for further consideration (Supplementary Fig. 1).
The majority of families studied were consanguineous (6/9)
with complex clinical phenotypes (7/9). For the 77 known
nuclear HSP genes, 60 (78 %) had 100 % coverage >15×
depth, and 69 (90 %) had 95 % coverage >15× depth
(Supplementary Fig. 2), giving high power to detect variants.
On average, we identified 4.7 M variants in each individual,
6200 of which are in known HSP genes, 49 of which have
medium or high impact (Supplementary Table 2). We made a
genetic diagnosis of HSP in 4/9 families (Fig. 1,
Supplementary Table 3); 2/9 families had mutations in known
HSP genes (Supplementary Table 4). Putative disease-causing
variants were classified PVS1 or PS1 (ACMG 2015 criteria).
In family 12 (Fig. 1a), we identified a novel homozygous
canonical splice site variant in the DDHD2 gene
(NM_015214.2:c.(1125+1G>T)), confirmed to be heterozygous in both unaffected parents. DDHD2 mutations cause
SPG54, which is associated with very early-onset spastic paraplegia (before 2 years of age), intellectual disability, a thin
corpus callosum (TCC) and optic nerve involvement [8].
This is consistent with the phenotype in family 12 with
infantile-onset spastic paraplegia, cognitive and behavioural
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abnormalities, neuroimaging findings of a TCC and white
matter abnormalities and evidence of optic atrophy on
fundoscopy.
In family 9 (Fig. 1b), we identified a homozygous frameshift deletion in the CYP2U1 gene
(NM_183075.2:c.(782_785delTCTG),
NP_898898:p.(Cys262*), at the site of a previously reported
pathogenic missense mutation [9]. This variant was heterozygous in both unaffected parents. The clinical features in this
family are consistent with the core clinical features of spastic
paraplegia, including an early age at onset (<8 years), developmental delay and spastic gait.
We did not find any likely pathogenic variants in
known HSP genes in family 1 (Fig. 1c). We did, however,
identify a homozygous in-frame deletion in the PEX16
gene (NM_004813.2:c.(995_997delTCT),
NP_004804.1:p.(Phe332del)). Mutations in PEX16 can
cause peroxisomal biogenesis disorder 8A (Zellweger,
OMIM 614876) and 8B (OMIM 614877), for which this
variant has been reported as likely pathogenic (ClinVar
209181). The same variant also in a homozygous state
was recently identified in a patient with progressive ataxia
and a mild elevation of very long-chain fatty acids
(VLCFAs) [10]. Neuroimaging findings in the proband
from family 1 include white matter abnormalities and cervical cord atrophy, consistent with a peroxisomal disorder
(see inset, Fig. 1c).
For family 7 (Fig. 1d), no convincing candidate variants
were identified in known HSP genes to explain the severe
phenotype which included spastic limbs, limb dystonia and
developmental delay. We subsequently identified compound
heterozygous variants in the GLB1 gene, known to cause
GM1 gangliosidosis (OMIM 230500) in the affected siblings.
This included a paternally inherited, novel canonical splice
site variant (NM_000404.2:c.(553-2A>G)) and a maternally
inherited previously reported pathogenic variant
(NM_000404.2:c.(1325G>A); NP_000395:p.(Arg442Gln))
[11]. Enzymology for GM1 gangliosidosis was subsequently
performed on peripheral blood leukocytes as described [12],
confirming reduced β-galactosidase enzyme activity of 1.6
(normal range 32.5–206.5 nmol/h/mg protein). Clinical evaluation did not detect any evidence of skeletal involvement,
cardiac involvement or hepatosplenomegaly.
We developed ROHmer to perform homozygosity mapping from WGS data, which confirmed that all homozygous
mutations were located within regions of homozygosity
(Fig. 2, Supplementary Fig. 3).
Five families remained undiagnosed, i.e. families 3, 5,
6, 8 and 11 (Supplementary Fig. 4), four of which we
only sequenced the proband and two were consanguineous. We searched an expanded set of 589 predicted HSP
genes (HSPome [5]), and used dedicated analysis to
identify CNV, SV (Supplementary Fig. 5) and predicted
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Fig. 1 Pedigrees of families with identified putative causal mutations. a
Family 12 with a homozygous splice site variant in DDHD2. b Family 9
with a homozygous 4 b.p. deletion in CYP2U1. c Family 1 with an inframe deletion in PEX16. Inset (left) shows transverse MRI brain axial
FLAIR sequence showing posterior white matter changes consistent with
hypomyelination (red arrow). Inset (right) demonstrates atrophy of the

cervical cord on sagittal T1-weighted MRI brain. d Family 7 with compound heterozygous variants in the GLB1 gene. Electropherograms show
wild-type sequence above, sequence in affected children below, black
arrows indicate missense variants. Squares, males; circles, females;
diagonal line through symbol, deceased; filled symbol, affected individual; asterisk, patient has undergone whole genome sequencing

splice variants that affect HSP genes. No additional
promising candidates were identified.

spastic ataxia and white matter abnormalities on MRI [10].
The proband from our study was considered to have a HSP
rather than a form of ‘spastic ataxia’ given the predominance
of lower limb weakness and spasticity. This finding provides
additional evidence that perixosomes play a role in the pathogenesis of HSP [13].
We identified compound heterozygous variants in the
GLB1 gene in family 7. The phenotype overlapped with
GM1 gangliosidosis type II (late infantile). This suggests that
GM1 gangliosidosis may be a phenocopy for a severe, earlyonset, complicated form of HSP. In this case, hypothesis-free
genetic testing prompted the clinician to reassess the patient
leading to a change of diagnosis, reminiscent of the ‘reverse
phenotyping’ approach reported previously [14]. The identification of unexpected neurometabolic disorders in this study
highlights that a broader metabolic work-up may be valid in
patients presenting with early-onset HSP.

Discussion
We identified a genetic diagnosis in 4/9 (~44 %) families with
HSP. A genetic cause was detected in those cases in which
multiple family members were sequenced (4/4), and those that
were consanguineous (4/6). In two families, we identified
novel homozygous variants in established SPG genes
(DDHD2 and CYP2U1), consistent with the previously described phenotype. In a further two families, a genetic
aetiology was identified in non-SPG genes, leading to novel
genotype-phenotype associations related to neurometabolic
disorders. In family 1, we identified an in-frame deletion in
PEX16. This mutation has been reported in a patient with
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Fig. 2 Homozygosity mapping
using PLINK confirmed that
putative homozygous variants
were located within regions of
homozygosity (shaded pink) for
affected members from family 12,
family 9 and family 1 (panels a–c,
respectively). VAF variant allele
frequency

WGS allowed us to perform a number of additional investigations that would not have been possible with targeted approaches, including dedicated analysis for CNVs, SVs and
splice site prediction deep within introns. This multimodal
approach should be investigated further using larger sample
sizes.
In 5/9 families, a genetic diagnosis was not identified.
Without additional family members, prioritising variants outside of the HSP genes is challenging. It is possible that

pathogenic variants in HSP genes were missed due to suboptimal coverage, or that variants fell in regions that are difficult
to interpret (introns, untranslated or regulatory regions).
Furthermore, triplet-repeat disorders can overlap with the
HSP phenotype, and may not be readily identifiable from
WGS data. Moreover, in sporadic cases, acquired causes
should also be considered.
This study is consistent with early-onset HSP phenotypes
being secondary to pathogenic variants in both SPG and in

Neurogenetics (2016) 17:265–270

non-SPG genes, with consideration of inherited peroxisomal
or lysosomal disorders being important phenocopies. If a
targeted sequencing approach assessing only known SPG
genes had been taken, the diagnostic rate would have been
just 20 %. Rather than undertaking a series of cascading genetic tests as part of a diagnostic odyssey, WES or WGS could
be used as the initial genetic test for patients with early-onset
HSP. It may be particularly effective when used in the context
of a family study or in populations where the mutation spectrum is unknown or difficult to anticipate.
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Facial reconstruction is a technique used in forensic anthropology to identify an unknown person.
Various methods used for facial reconstruction are drawings, sculpture and computer aided image
building which is mainly based on facial soft tissue thickness measurement. Several methods have been
established for measuring facial soft tissue thickness (FSTT) with each one having certain limitations.
There is limited data available on FSTT among South Indian population. Hence the present study was
ventured to determine the FSTT among South Indian adults and also to ﬁnd FSTT difference between
male and female.
308 subjects of South Indian origin (18e27years) having full set of permanent dentition who require
orthodontic treatment were included in the study. Subjects were assessed for Body Mass Index (BMI) and
diagnostic digital x-ray of lateral cephalogram (LC), Lateral oblique (LO) view and posterior-anterior (PA)
view was obtained. The digital image was transferred to Adobe Photoshop CS4 software and 23 different
soft tissue points were measured.
Mean FSTT was more in males compared to females except for three landmarks. Statistically signiﬁcant
difference was observed in 20 landmarks when height and weight was compared in males, whereas in
females only 12 landmarks showed signiﬁcant difference. BMI showed good correlation with FSTT in
both males and females, which was conﬁrmed by linear regression. The best regressor in terms of
estimating FSTT in association with age/sex/BMI were nasion, sub nasale, labial superioris, labrale
inferius, gnathion, inferior border of zygomatic, right and left gonion. Stepwise discriminant analysis
using all variables showed 94.8% of overall accuracy in sex determination.
The observation of present study suggests that LO and PA view along with LC gives information
regarding mean FSTT among South Indian population. Even though BMI plays a dominant role in
determining FSTT, but age, sex, height and weight should also be considered with care while facial
reconstruction. Additionally the present regression equation contributes towards increase in the speciﬁcity of the tissue depths and can be used in real cases by allowing the practitioners to calculate individual tissue depth.
© 2016 Elsevier Ltd and Faculty of Forensic and Legal Medicine. All rights reserved.

Keywords:
Facial soft tissue thickness
Radiograph
Lateral cephalogram
Lateral oblique
Posterio-anterior view
Body mass index

1. Introduction
Face is a most important part of our body as it plays an important role in communication. Forensic facial reconstruction is the
scientiﬁc art of visualizing a face on the skull for personal identiﬁcation.1 It is generally accepted that facial reconstruction can be
divided into four categories: 1. Replacing and repositioning

damaged or distorted soft tissue on to a skull. 2. The use of
photographic transparencies and drawings in an identikit type
system, 3. The technique of graphic, photographic or video superimposition and 4. Plastic or three dimensional reconstruction of a
face over a skull using modelling clay.1e3 There are two basic
methods of modelling the face: morphoscopic and morphometric.
In morphoscopic method, an “anatomical approach” of reconstructing the musculature, fat and skin is done whereas in
morphometric method, average facial soft tissue depth

* Corresponding author. Tel.: þ91 9448929312; fax: þ91 831 2479323.
E-mail address: drviju18@yahoo.com (V.S. Kotrashetti).
http://dx.doi.org/10.1016/j.jﬂm.2016.01.032
1752-928X/© 2016 Elsevier Ltd and Faculty of Forensic and Legal Medicine. All rights reserved.
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measurements are used which are gathered by previous researchers over various anatomical sites of the skull and jaws.1,3e5
Different methods that have been established for measuring
FSTT are puncture, X-ray, Computer Tomography (CT) imaging, ultrasound, Magnetic resonance Imaging (MRI) and very recent one is
Cone Beam Computer Tomography (CBCT).6e8 FSTT has been carried out in various race using Cadavers through puncture. The accuracy of this method is questionable and it as an inherent error,
mainly because of degree of dehydration of human soft tissue
which is marked during initial stages.1 CT imaging, MRI and ultrasound gives better accuracy in establishing FSTT, but they have
potential radiation hazard. Apart from this they are expensive, time
consuming, technique sensitive procedures and are not freely
available.1,6,7 CBCT is emerging newer technique and is speciﬁc
imaging technique for head and neck region. Even though it has low
radiation dose, but is also expensive, technique sensitive and not
freely available.8 On the contrary X-ray imaging appears to be one
of the easy, less time consuming and less expensive technique. Even
though radiation exposure is the limitation of this method, it is
possible to minimize radiation dose by recording facial features,
proﬁle and all measurement points can be recorded by using only
one or two views.2,6,9 Conventional X-ray imaging as been replaced
by digital X-rays because in digital X-rays the exposure to radiation
dose can be adjusted. A study by Heiko V et al, on comparison
between conventional and digital cephalometric radiography, they
observed that in digital cephalometry the radiation dose can be
adjusted and it is low when compared to conventional method.10
On literature search we found limited data related to mean FSTT
in South Indian population. Thus the study was designed to
determine the FSTT in South Indian population using digital LC, LO
and PA view, to determine difference in FSTT between males and
females and also to correlate FSTT with age and other body
parameters.

Fig. 1. Photograph showing lateral cephalogram with various position of measurement
points: 1. Glabella, 2. Nasion, 3. Rhinion, 4. ANT, 5. INT, 6. Sub nasale, 7. Labrale
superius, 8. Stomion, 9. Labrale inferius, 10. Labio mentale, 11. Pogonion, 12. Gnathion.

2. Materials and methods
Study was conducted on 308 individuals (152 males and 156
females) of South Indian origin, aged between 18 and 27years. After
obtaining ethical committee clearance, subjects who were advised
for diagnostic radiographs for orthodontic treatment were
considered for the study.
Individuals with average Indian height and BMI of 18e26.5 according to World Health Organisation (WHO) chart were included
for the study.11 Individuals treated for head and neck pathology,
patients who underwent or undergoing orthodontic treatment and
individual treated for any facial fractures, facial deformities,
asymmetries, and distortions were excluded from the study. After
meeting inclusion and exclusion criteria, written informed consent
was obtained from each individuals and details of the their Indian
origin, height, weight and BMI was noted. Diagnostic digital
radiograph of LC, LO and PA view was obtained using Kodak 8000C
digital panaromic and cephalometric system. For LC the standard
speciﬁcation used was KV-78, MA-12 and exposure time of 0.080 s.
For PA KV-82, MA-12 and exposure time of 1.60 s and for LO view
KV-82, MA-12 and exposure time was 1.60 s. The image was saved
in JPEG format. Later the recorded image was transferred to Adobe
Photoshop CS4 extended for further measurement of FSTT. A total
of 23 landmarks were measured. On LC-12 landmarks, LO- 9
landmarks and in PA view one landmark each on right and left side
was measured (Figs. 1e3).
Intraobserver variability was checked for 20 samples to determine
the reliability and accuracy of the method by simple random sample.
Descriptive statistical analysis was done by calculating the mean,
standard deviation (SD). Comparison of FSTT between males and
females was done using student ‘t’ test. Co-efﬁcient correlation of

Fig. 2. Photograph showing lateral oblique with various position of measurement
points: 13. Lateral frontal, 14. Lateral supra orbital, 15. Lateral zygomatic, 16. Inferior
border of zygomatic, 17. Sub zygomatic, 18. Lateral lip, 19. Lateral labio mental, 20.
Lateral mental, 21. Intermediate mental.

FSTT at different landmarks to height, weight, age and BMI in males
and females was performed. Stepwise discriminant function analysis
was also applied to study the sex classiﬁcation in the FSTT measurements. We considered three attributes as independent variables
(sex was coded as 1 for females and þ1 for males) and FSTT as
dependent variable. Linear regression analysis was carried out to ﬁnd
the best regressor for determining the FSTT. All the statistical operations were carried out using SPSS software version 10.0.
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Fig. 3. Photograph showing posterio-anterior view with various position of measurement points: 22. Right gonion, 23. Left gonion.

3. Results
Repeat measurements on all landmark were statistically
assessed for intraobserver error by paired ‘t’ test. Signiﬁcant
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difference was observed only at one point out of 23 i.e., right
gonion (Table 1). This suggests that subjective variability is negligible with this method in assessing FSTT.
Descriptive statistics for FSTT between both sexes is depicted
in Table 2. Mean FSTT in males was more when compared to
females in 20 landmarks and in three landmarks (Lateral zygomatic, Inferior border of zygomatic, sub zygomatic) mean
measurement was more in females and these landmarks are
cheek region of the face (Table 2). 18 landmarks showed statistically signiﬁcant difference between males and females except
for 5 landmarks i.e., lateral frontal, lateral zygomatic, lateral
mental, right and left gonion (Table 3). On comparing the FSTT
with weight in males and females, statistically signiﬁcant correlation was observed in 23 landmarks in males, whereas in
females only 12 landmarks showed signiﬁcant difference. On
comparing height with FSTT in males and females, no signiﬁcant
difference was observed in both males and females (Table 4).
Correlation was made with age and BMI between males and
females. It was observed that as age increased the FSTT was
decreased (Table 5). Linear regression analysis (LRA) showed
good correlation between BMI and FSTT, and also between
males/females. Weight did not have signiﬁcant correlation with
FSTT at nasal region. Similarly BMI also did not have any signiﬁcant correlation with FSTT at nasal region. In males it was at
Inferior nose tip (INT) and in female's landmarks of nasal region
was statistically insigniﬁcant when compared with BMI. LRA
also showed similar ﬁnding with BMI and nasal landmarks in
relation to FSTT (Table 6).
On multiple regression analysis nasion, subnasal, labial superioris, stomion, labrale inferius, gnathion, inferior border of zygomatic, sub zygomatic were best regressor in terms of estimating
FSTT in association with age, sex and BMI (Table 7).
Multiple linear regression of FSTT versus BMI, age and sex for
each landmark was calculated separately with FSTT measurement
as the dependent variable. This helped us to evaluate the impact of
the attributes from a statistical point of view, by reporting the
signiﬁcance levels for null-hypothesis of the partial regression co-

Table 1
Intraobserver variability.
Sl.no.
Lat. cephalogram
1.
2.
3.
4.
5.
6.
7.
8.
9.
10
11.
12.
Lateral oblique
13.
14.
15.
16.
17.
18.
18.
20.
21.
PA view
22.
23.

Paired ‘t’ test

DF

P

1.08
1.66
0.64
6.85
2.54
1.92
2.34
2.04
2.84
1.53
1.77
1.27

1.310
1.087
1.154
0.108
0.999
0.082
0.339
0.545
0.739
1.057
0.311
0.288

19

0.209
0.291
0.263
0.915
0.331
0.936
0.739
0.592
0.469
0.304
0.759
0.766

0.84
1
1.30
2.03
2.57
1.77
1.84
1.36
1.51

0.755
0.000
0.748
0.902
0.455
1.253
0.667
1.511
1.227

0.460
1.00
0.464
0.379
0.654
0.226
0.513
0.147
0.235

11.29 ± 2.40
12.08 ± 3.10

2.189
0.252

0.041
0.804

Points

1st Observer

Glabella
Nasion
Rhinion
ANT
INT
Sub nasale
Labrale superius
Stomion
Labrale inferius
Labio mentale
Pogonion
Gnathion

5.37
6.55
2.45
27.17
23.08
14.91
11.39
6.44
15.05
12.98
10.61
11.04

±
±
±
±
±
±
±
±
±
±
±
±

1.08
1.61
0.65
6.85
2.71
1.93
2.34
1.93
2.02
2.85
1.56
1.27

5.40
1.61
2.46
27.18
22.76
14.91
11.39
6.44
12.99
10.64
11.04
6.90

±
±
±
±
±
±
±
±
±
±
±
±

Lateral frontal
Lateral supra orbital
Lateral zygomatic
Inferior border of zygomatic
Sub zygomatic
Lateral lip
Lateral labio mental
Lateral mental
Intermediate mental

4.58
6.61
6.86
11.54
15.74
8.79
12.20
10.05
7.97

±
±
±
±
±
±
±
±
±

0.83
1.09
1.54
2.24
2.62
2.59
2.17
1.89
1.71

4.55
6.22
6.83
12.37
17.20
9.89
12.48
10.37
7.76

±
±
±
±
±
±
±
±
±

Right gonion
Left gonion

11.55 ± 3.40
11.33 ± 3.12

Signiﬁcant- P < 0.05. Insigniﬁcant- P > 0.05.

2nd Observer
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Table 2
Descriptive statistics, mean and standard deviations of FSTT (mm) in males and females.
Sl.no.
Cephalometric
1.
2.
3.
4.
5.
6.
7.
8.
9.
10
11.
12.
Lateral oblique
13.
14.
15.
16.
17.
18.
18.
20.
21.
PA view
22.
23.

Points

Mean (x)

Standard deviation (SD)

Minimum

Maximum

Glabella
Nasion
Rhinion
ANT
INT
Sub nasale
Labrale superius
Stomion
Labrale inferius
Labio mentale
Pogonion
Gnathion

5.50
5.93
2.21
26.38
21.31
14.03
11.39
5.58
13.64
10.61
10.94
6.61

0.93
1.56
0.53
3.04
2.49
1.99
2.12
1.96
2.35
1.39
2.05
1.48

3.2
0.0
0.79
0.67
13.57
8.91
5.86
2.13
5.36
1.06
5.34
2.87

8.2
11.90
3.79
34.59
29.20
22.40
20.68
13.55
20.48
14.28
19
11.08

Lateral frontal
Lateral supra orbital
Lateral zygomatic
Inferior border of zygomatic
Sub zygomatic
Lateral lip
Lateral labio mental
Lateral mental
Intermediate mental

4.51
6.31
6.98
12.23
16.44
8.41
11.93
10.17
7.65

0.83
1.04
1.59
2.22
2.57
2.43
1.98
1.71
1.70

2.38
2.52
3.92
6.77
9.99
2.49
2.49
5
1.28

9.30
11.76
14.62
19.10
23.53
16.40
19.62
14.97
13.12

Right gonion
Left gonion

11.47
11.25

2.89
2.74

2.12
3.92

26.19
20.69

efﬁcient to be zero from a practical point of view, by reporting the
difference in tissue depths in mm's as well as the root mean square
errors representing an estimate of the standard deviation of the
residual error i.e., the difference between the measured tissue
depths and the values predicted by the regression equations. The
best regressor in terms of estimating FSTT in association with age/
sex/BMI were nasion, sub nasale, labial superioris, labrale inferius,
gnathion, inferior border of zygomatic, right and left gonion
(Table 7).

For better sexual classiﬁcation of the studied subjects the data was
subjected to step wise discriminant analysis. When all variables were
considered for determining sexual dimorphism through step wise
discriminant analysis, 91.6% accuracy was obtained through LC, 81.2%
through LO and 50% through PA view. Best determination was obtained
through LC. When only those landmarks which entered stepwise
discriminant analysis were used for sex determination the estimated
accuracy in overall sex determination was 94.8%. The predictive value
for male was 94.7% and for females it was 94.9% (Tables 8 and 9).

Table 3
Comparison of FSTT between males and females using student ‘t’ test.
Sl.no.
Lat. cephalogram
1.
2.
3.
4.
5.
6.
7.
8.
9.
10
11.
12.
Lateral oblique
13.
14.
15.
16.
17.
18.
18.
20.
21.
PA view
22.
23.

‘t’

P

0.93
1.03
0.44
3.06
2.22
1.49
1.66
1.42
1.80
1.15
1.91
1.24

2.892
13.411
5.707
9.706
8.105
10.937
10.397
10.945
12.285
3.670
2.658
4.590

0.004*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.008*
0.000*

0.84
0.89
1.63
1.63
2.23
2.21
1.75
1.50
1.64

1.555
5.246
1.295
5.596
4.910
2.754
2.350
1.290
3.296

0.121
0.000*
0.196
0.000*
0.000*
0.006*
0.019*
0.228
0.001*

11.40 ± 2.31
11.18 ± 2.32

0.446
0.475

0.656
0.635

Points

Male (152)

Glabella
Nasion
Rhinion
ANT
INT
Sub nasale
Labrale superius
Stomion
Labrale inferius
Labio mentale
Pogonion
Gnathion

5.65
6.89
2.38
27.87
22.37
15.06
12.52
6.58
15.05
10.9
11.25
6.99

±
±
±
±
±
±
±
±
±
±
±
±

0.91
1.42
0.56
2.17
2.31
1.91
1.92
1.93
1.99
1.55
2.14
1.61

5.35
4.99
2.05
24.93
20.28
13.03
10.28
4.6
12.27
10.32
10.64
6.23

±
±
±
±
±
±
±
±
±
±
±
±

Lateral frontal
Lateral supra orbital
Lateral zygomatic
Inferior border of zygomatic
Sub zygomatic
Lateral lip
Lateral labio mental
Lateral mental
Intermediate mental

4.58
6.61
6.86
11.54
15.74
8.79
12.20
10.05
7.97

±
±
±
±
±
±
±
±
±

0.83
1.09
1.54
2.24
2.62
2.59
2.17
1.89
1.71

4.43
6.01
7.09
12.90
17.13
8.03
11.67
10.28
7.34

±
±
±
±
±
±
±
±
±

Right gonion
Left gonion

11.55 ± 3.40
11.33 ± 3.12

Signiﬁcant- P < 0.05. Insigniﬁcant- P > 0.05.
* ¼ statistically signiﬁcant.

Female (156)
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Table 4
Co-efﬁcient correlation of FSTT at different landmarks to height and weight in males and females.
Sl.no.

Points

Lat. cephalogram
1.
Glabella
2.
Nasion
3.
Rhinion
4.
ANT
5.
INT
6.
Sub nasale
7.
Labrale superius
8.
Stomion
9.
Labrale inferius
10
Labio mentale
11.
Pogonion
12.
Gnathion
Lateral oblique
13.
Lateral frontal
14.
Lateral supra orbital
15.
Lateral zygomatic
16.
Inferior border of zygomatic
17.
Sub zygomatic
18.
Lateral lip
18.
Lateral labio mental
20.
Lateral mental
21.
Intermediate mental
PA view
22.
Right gonion
23.
Left gonion

Female (156)

Male (152)

Height

P value

Weight

P value

Height

P value

Weight

P value

0.074
0.111
0.024
0.131
0.129
0.066
0.021
0.011
0.098
0.004
0.040
0.010

0.361
0.168
0.765
0.103
0.108
0.410
0.799
0.889
0.223
0.962
0.622
0.905

0.236
0.002
0.014
0.051
0.045
0.056
0.136
0.074
0.167
0.136
0.226
0.229

0.003*
0.979
0.864
0.525
0.579
0.485
0.090
0.355
0.037
0.091
0.005*
0.004*

0.116
0.135
0.056
0.118
0.074
0.169
0.059
0.031
0.072
0.012
0.006
0.034

0.154
0.097
0.492
0.148
0.362
0.038
0.474
0.707
0.381
0.883
0.941
0.673

0.432
0.388
0.122
0.204
0.015
0.158
0.197
0.197
0.075
0.162
0.475
0.593

0.000*
0.000*
0.134
0.012*
0.857
0.052*
0.015*
0.015*
0.360
0.046*
0.000*
0.000*

0.076
0.054
0.080
0.021
0.123
0.062
0.029
0.012
0.030

0.345
0.505
0.321
0.790
0.125
0.444
0.716
0.886
0.707

0.142
0.242
0.301
0.340
0.208
0.240
0.287
0.280
0.236

0.077
0.022
0.000*
0.000*
0.009*
0.003*
0.000*
0.000*
0.003*

0.112
0.105
0.081
0.032
0.014
0.047
0.031
0.016
0.040

0.170
0.200
0.322
0.694
0.867
0.566
0.707
0.848
0.622

0.382
0.371
0.496
0.548
0.559
0.406
0.512
0.538
0.605

0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*

0.250
0.204

0.002*
0.011*

0.194
0.206

0.015*
0.010*

0.015
0.016

0.853
0.844

0.567
0.622

0.000*
0.000*

Signiﬁcant- P < 0.05. Insigniﬁcant- P > 0.05.
* ¼ statistically signiﬁcant.

4. Discussion
Since the 19th century physical anthropologists all over the
world have been collecting data on FSTT by adopting various
techniques.12 With the help of artists in Western countries, physical
anthropologists have been reconstructing face on the basis of

collected facial soft tissue thickness at certain speciﬁc anthropologic landmarks. The FSTT mainly depends on the surface
anatomical landmarks of hard tissue. Thus recording of FSTT with
the bony landmarks provides better results. X-ray cephalometry
can record bony and cutaneous landmarks on the same image and
also precise correspondence of hard and soft tissue measurements

Table 5
Co-efﬁcient correlation of FSTT at different landmarks to age and BMI between males and females.
Sl.no.

Points

Lat. cephalogram
1.
Glabella
2.
Nasion
3.
Rhinion
4.
ANT
5.
INT
6.
Sub nasale
7.
Labrale superius
8.
Stomion
9.
Labrale inferius
10
Labio mentale
11.
Pogonion
12.
Gnathion
Lateral oblique
13.
Lateral frontal
14.
Lateral supra orbital
15.
Lateral zygomatic
16.
Inferior border of zygomatic
17.
Sub zygomatic
18.
Lateral lip
19.
Lateral labio mental
20.
Lateral mental
21.
Intermediate mental
PA view
22.
Right gonion
23.
Left gonion
Signiﬁcant- P < 0.05. Insigniﬁcant- P > 0.05.
* ¼ statistically signiﬁcant.

Age

BMI

Male

P value

Female

P value

Male

P value

Female

P value

0.042
0.165
0.011
0.172
0.112
0.063
0.129
0.058
0.051
0.091
0.005
0.090

0.611
0.042*
0.895
0.034*
0.170
0.429
0.114
0.475
0.529
0.263
0.954
0.269

0.061
0.232
0.076
0.025
0.064
0.037
0.193
0.085
0.197
0.068
0.155
0.103

0.452
0.004*
0.346
0.754
0.428
0.649
0.016*
0.293
0.014*
0.396
0.054
0.199

0.423
0.345
0.188
0.187
0.008
0.071
0.176
0.203
0.129
0.181
0.514
0.639

0.000*
0.000*
0.021*
0.021*
0.920
0.387
0.030*
0.012*
0.114
0.026*
0.000*
0.000*

0.215
0.077
0.077
0.136
0.151
0.020
0.156
0.111
0.127
0.150
0.215
0.242

0.007*
0.338
0.928
0.090
0.060
0.800
0.051
0.166
0.114
0.061
0.007*
0.002

0.003
0.014
0.056
0.078
0.144
0.039
0.035
0.146
0.130

0.969
0.868
0.495
0.341
0.077
0.631
0.668
0.072
0.109

0.004
0.051
0.007
0.094
0.160
0.181
0.082
0.099
0.041

0.958
0.526
0.933
0.242
0.046*
0.023*
0.306
0.219
0.612

0.346
0.342
0.500
0.578
0.601
0.456
0.532
0.576
0.645

0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*

0.224
0.293
0.389
0.354
0.315
0.314
0.299
0.307
0.243

0.002*
0.005*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.002*

0.127
0.093

0.119
0.253

0.041
0.153

0.612
0.057

0.643
0.684

0.000*
0.000*

0.396
0.368

0.000*
0.000*
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Table 6
Linear regression analysis of FSTT with BMI, age and sex (Y ¼ b0 þ b1  bmi þ b2  age þ b3  sex; b0 (mm), b1 (mm/bmi), b2 (mm/yr), b3 (mm/sex)).
Sl.no.

Points

Lat cephalogram
1.
Glabella
2.
Nasion
3.
Rhinion
4.
ANT
5.
INT
6.
Sub nasale
7.
Labrale superius
8.
Stomion
9.
Labrale inferius
10
Labio mentale
11.
Pogonion
12.
Gnathion
Lateral oblique
13.
Lateral frontal
14.
Lateral supra orbital
15.
Lateral zygomatic
16.
Inferior border of zygomatic
17.
Sub zygomatic
18.
Lateral lip
18.
Lateral labio mental
20.
Lateral mental
21.
Intermediate mental
PA view
22.
Right gonion
23.
Left gonion

b0

b1

P value

b2

P value

b3

P value

3.775
1.887
1.651
24.929
20.851
13.714
11.559
3.592
12.912
9.260
6.523
1.594

0.118
0.105
0.022
0.005
0.073
0.036
0.132
0.110
0.100
0.091
0.311
0.269

0.000*
0.000*
0.050*
0.936
0.139
0.346
0.001*
0.003*
0.016*
0.002*
0.000*
0.000*

0.038
0.086
0.005
0.065
0.098
0.021
0.142
0.017
0.067
0.029
0.107
0.036

0.077
0.004
0.687
0.322
0.081
0.629
0.001
0.678
0.152
0.391
0.021
0.252

0.127
0.846
0.150
1.425
1.011
1.015
1.163
0.957
1.391
0.266
0.247
0.285

0.015*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.001*
0.027*
0.000*

2.781
4.281
1.587
4.993
5.029
0.332
6.079
3.964
1.480

0.093
0.126
0.271
0.397
0.440
0.357
0.337
0.306
0.298

0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*

0.013
0.032
0.020
0.061
0.093
0.052
0.065
0.017
0.10

0.515
0.170
0.569
0.183
0.083
0.347
0.140
0.645
0.777

0.043
0.267
0.220
0.806
0.948
0.188
0.164
0.237
0.194

0.0374
0.000*
0.011*
0.000*
0.000*
0.156
0.124
0.009*
0.030*

1.992
2.250

0.606
0.581

0.000*
0.000*

0.022
0.049

0.714
0.382

0.202
0.210

0.165
0.124

b0 ¼ constant, b1 ¼ BMI regression, b2 ¼ age, b3 ¼ sex.
Signiﬁcant- P < 0.01, Insigniﬁcant- P > 0.01.
* ¼ statistically signiﬁcant.

could be obtained from X-cephalometry. Apart from this, it is also
well known that portrait artists believe certain proﬁles of the face
are simple but yet surprisingly descriptive of a person's likeness.
The most effective of these are the lateral proﬁle. The lateral proﬁle
is very typical of a person that without this proﬁle a portrait cannot
Table 7
Multiple linear regression.
Sl.no.

Points

Lat cephalogram
1.
Glabella
2.
Nasion
3.
Rhinion
4.
ANT
5.
INT
6.
Sub nasale
7.
Labrale superius
8.
Stomion
9.
Labrale inferius
10
Labio mentale
11.
Pogonion
12.
Gnathion
Lateral oblique
13.
Lateral frontal
14.
Lateral supra orbital
15.
Lateral zygomatic
16.
Inferior border of zygomatic
17.
Sub zygomatic
18.
Lateral lip
18.
Lateral labio mental
20.
Lateral mental
21.
Intermediate mental
PA view
22.
Right gonion
23.
Left gonion

R

R2

SE estimate

0.372
0.651a
0.330
0.488
0.435
0.513a
0.570a
0.528a
0.604a
0.268
0.428
0.534a

0.138
0.424
0.109
0.238
0.189
0.264
0.325
0.278
0.365
0.002
0.183
0.286

0.866
1.194
0.499
2.665
2.255
1.717
1.749
1.673
1.884
1.347
1.861
1.261

0.303
0.428
0.450
0.555a
0.541a
0.425
0.461
0.473
0.493

0.092
0.183
0.202
0.308
0.292
0.180
0.212
0.224
0.243

0.800
0.946
1.431
1.859
2.174
2.212
1.772
1.511
1.491

0.552a
0.565a

R ¼ multiple co-relation.
R2 ¼ square of multiple co-relation.
SE ¼ standard error of estimation.
a
Indicates best regressor in terms of estimating FSTT in association with age/sex/
BMI.

be correctly made. Many faces have been created solely by using
proﬁle of a person, thus it is of value to record FSTT in proﬁle view.3
Thus the present study was aimed to derive mean FSTT in males
and females of South Indian origin using LC, LO and PA view
measuring 23 different landmarks.
In the present study, the mean FSTT of males was more than that
of females which is similar to the study done by Sahni et al on North
West Indians and also other workers in the literature.2e4,12 These
ﬁndings are in contrast to Egyptian study where females showed
greater thickness than male.4 On ‘t’ test analysis sexual dimorphism
was seen particularly in facial proﬁle. Our results are in agreement
with ﬁndings of other authors who found signiﬁcant difference
with glabella, frontal eminence, gonion, lip margin and mid
mandibular positions.1,3 A majority of facial soft tissue depth
studies subdivided their population into males and females and
compared the difference between the two and have found that
males have thicker tissues over most of the face than females1
Females show more thickness in cheek region than their
male counter part due to abundance of subcutaneous fat and
high distribution at this region during middle age.1,3,12 Based on
review of studies in literature Wilkinson stated age related
changes in tissues are very variable. Tissues at the mouth and
lower cheek area decreases with age and at the chin and
eyebrow it increases with age,13 suggesting that FSTT exhibits
inconsistent relation with advancing age.1,3,12,14 Thus in this
study we limited ourselves to one adult age group of
18e27years.
In this study we collected the FSTT using only right side of the
face for LC and OB view. In PA view we analysed right and left side
FSTT, the right side was greater by 0.22 mm and the difference was
not statistically signiﬁcant. Slight facial asymmetry is noted between right and left side of the face. Literature suggests right side of
the face is slightly larger than the left side.12 Similar to our observation even Sahni et al. did not ﬁnd any statistically signiﬁcant
difference between right and left FSTT in both sexes.12
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Table 8
Stepwise discriminant analysis.

Lat cephalogram

Lateral oblique

PA view

Variables

Un-standardised co-efﬁcient

Standard co-efﬁcient

Structure p

Wilk's lamda

Group centroid

Accuracy

Nasion
ANT
Sub nasale
Stomion
Lab. inf
Pogonion
Gnathion
Constant
Lateral supra orbital
Lateral zygomatic
Inferior border of zygomatic
Sub zygomatic
Lateral lip
Lateral labio mental
Intermediate mental
Constant
Right gonion
Left gonion
Constant

0.448
0.080
0.115
0.225
0.309
0.137
0.321
10.376
0.520
0.213
0.300
0.274
0.165
0.331
0.274
1.173
0.133
0.243
4.262

0.558
0.214
0.198
0.380
0.588
0.277
0.462

0.601
0.435
0.466
0.461
0.575
0.119
0.314

0.381

1.255(F)
1.288(M)

Overall-91.6%
M ¼ 91.4%
F ¼ 91.7%

0.520
0.346
0.638
0.680
0.397
0.567
0.460

0.359
0.089
0.383
0.336
0.189
0.083
0.226

0.589

0.822(F)
0.834(M)

Overall-81.2%
M ¼ 82.9%
F ¼ 79.5%

0.387
0.666

0.971
0.912

0.999

0.028(F)
0.028(M)

Overall-50%
M ¼ 46.7%
F ¼ 53.2%

Table 9
Stepwise discriminant analysis.
Variables

Un-standardised co-efﬁcient

Standard co-efﬁcient

Structure p

Wilk's lamda

Group centroid

Accuracy

Nasion
ANT
Sub nasal
Stomion
Labrale inferius
Lateral zygomatic
Inferior border of zygomatic
Sub zygomatic
Lateral mental
Intermediate mental
Constant

0.474
0.070
0.123
0.211
0.264
0.117
0.164
0.129
0.284
0.207
6.557

0.589
0.187
0.210
0.356
0.502
0.186
0.348
0.319
0.485
0.348

0.497
0.359
0.385
0.381
0.475
0.048
0.207
0.182
0.045
0.122

0.295

1.519(F)
1.559(M)

Over all ¼ 94.8%
Female: 94.9%
Male: 94.7%

All measurement points on the upper facial region showed
decrease in FSTT when compared to the other region, which can be
attributed to the fact that the soft tissue of this region is adherent to
bony tissue and exhibits relatively simple growth patterns.6
FSTT was correlated with age in male, nasion and Anterior nose
tip (ANT) showed good correlation than other landmarks. Similarly
in females' nasion, labial superioris, sub zygomatic and lateral
lipline showed good correlation with age. This was further
conﬁrmed by linear regression analysis, where only nasion and
labial superioris showed good correlation. This ﬁnding is similar to
the ﬁndings of Sahni et al.,12 and De Greef et al.,14 on Caucasian
adults. Thus nose region appears to be independent variable from
the BMI. Height gave poor correlation with FSTT in both sexes. But
when weight was correlated with FSTT, it showed good correlation.
This suggests that weight deﬁnitely has highest inﬂuence on FSTT
and this can be correlated with BMI, which showed direct correlation with FSTT. This observation is consistent to the study by
Sahni et al. and S De Greef et al., both the studies showed better
correlation at cheek region using MRI and Ultrasound respectively.12,14 This is mainly due the fact that subcutaneous fat diminishes from trunk to extremities among males and this
distribution is more obvious when total amount of fat increases in
both sexes.12,14,15
Dong et al. suggested that multiple factors including nutritional
status should be taken into consideration while assessing FSTT.
According to their study, soft tissue thickness measurements
increased with increased BMI levels for both sexes at each landmark, and at most of the landmarks, statistically signiﬁcant differences were observed between the different BMI subgroups.16

Codinha et al. emphasized on both the necessity of data presentation considering the sexual dimorphism, and introducing BMI as a
pivotal variable for achieving more proper results of the likeness of
the deceased individuals in both two-dimensional and threedimensional facial approximations or superimpositions.17 Ward
and Starbuck could determine the effect of body weight, which has
inﬂuence on face recognition accuracy by obese, normal and thin
face. This will further help in reconstruction of face on a skull by
using data of available soft tissue thickness based on obese, normal
and thin face.18 Sahni et al. studied facial soft tissue thickness in
North-West Indian adults on MRI images. The patients with head
trauma history or lesion and over or underweight patients were
excluded from the study. There were signiﬁcant relations between
facial soft tissue thickness and height in two landmarks and signiﬁcant differences between facial soft tissue thickness and weight
in ten landmarks. They concluded that these data could be used in
forensic science for facial reconstruction.12 Sexual dimorphism was
signiﬁcantly observed particularly in facial proﬁle by Sahni et al.12
this is in accordance with our results, we also obtained signiﬁcant
difference between male and female through LC and LO. Stepwise
discriminant analysis also showed higher predictive value in
determination of sex, suggesting that while reconstructing face the
difference in soft tissue thickness between males and females has
to be considered as an important parameter.
Comparison of various racial groups in FSTT has shown deﬁnite
difference, this is due to racial and regional population diversity,
different method used by every observer and small sample size
considered in each group. Further studies should be carried out
among all the racial groups with one standard method to provide
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mean FSTT for both males and females so that better anthropological data can be obtained for facial reconstruction.
5. Conclusion
The present study has produced a set of average FSTT for healthy
adult male and female of South Indian population using three
different radiographs. Thus suggesting that LO and PA view along
with LC gives adequate information regarding FSTT. Our results
showed that BMI as a dominant role in alteration of FSTT when
compared to age, sex, height and weight of an individual. Nevertheless all the other parameters like, age, height, weight and sex
also should be considered with care while determining FSTT. The
results of this study could be used for facial reconstruction among
South Indian population; however, slight differences between the
studied population and other sub-group races must be considered
for the accurate reconstruction. Certain limitations of the present
study are like maximum landmarks cannot be studied and also it is
a two dimensional study. Further research is required by focusing
on FSTT in different age groups including juveniles where data on
FSTT is minimal in Indian population by using better imaging
techniques. Future research should focus on linking anatomical
structures like body fat, musculature and variation in FSTT using
three dimensional imaging techniques and compare each technique to understand which modality is accurate in measuring FSTT.
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ABSTRACT

ARTICLE HISTORY

Pentavalent combination vaccines are important tools to strengthen the immunization programs in
numerous countries throughout the world. A large number of countries have recognized the value of
combination vaccines and have introduced whole cell pentavalent vaccines into their immunization
programs. A phase III, multi-center, randomized, single blinded study of a fully liquid pentavalent DTwPHepB-Hib investigational vaccine (Shan5TM ) was conducted across India in 2 cohorts: 15 toddlers were
evaluated for safety and immunogenicity following a single booster dose (Cohort 1) followed by 1085
infants (Cohort 2) evaluated for immunogenicity and safety following 3-dose primary immunization of the
investigational vaccine or a locally licensed comparator vaccine (Pentavac SD). Immune consistency
analysis among 3 lots of the investigational vaccine, and immune non-inferiority analysis of pooled (3 lots)
data of investigational vaccine vs. comparator vaccine were carried out in cohort 2. The vaccines
demonstrated comparable safety and immune responses in cohort 1. In cohort 2, equivalent immune
consistency among 3 lots was observed for all antigens except whole cell pertussis antigens, where a
marginal variation was observed which was linked to the low power of the test and concluded to not have
any clinical signiﬁcance. Immune non-inferiority against the comparator vaccine was demonstrated for all
5 antigens. Safety results were comparable between vaccine groups. This investigational, fully-liquid,
whole-cell pertussis (wP) containing new pentavalent vaccine was found to be safe and immunologically
non-inferior to the licensed comparator vaccine.
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Introduction
The use of combination vaccines to immunize against several
diseases simultaneously is a recognized strategy for increasing
vaccine coverage in childhood vaccination programs. By reducing the number of injections, compliance to vaccination is
improved along with positive impact on administrative and
logistic costs incurred while implementing vaccination programs.1 In the emerging economies of the world, cost and consistent availability of a combination vaccine are major hurdles for
the introduction of such vaccines in the national immunization
programs. An ideal combination vaccine should be safe, immunogenic, cost effective, easy to store and use, with antigenic components aligned with the recommended immunization
schedule.2 With the aim to develop an ideal combination vaccine
which can be included in the Indian national immunization
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programs, this fully liquid formulation of combined Diphtheria,
Tetanus, whole-cell Pertussis, Hepatitis B and Haemophilus
inﬂuenzae type b (DTwP-HepB-Hib) vaccine (Shan5TM ) has
been developed. This phase III study was conducted in India to
describe the safety and immunogenicity of a single dose of vaccine in toddlers followed by evaluation in infants of immune
consistency among 3 lots of the investigational vaccine; immune
non-inferiority of investigational vaccine (data pooled from 3
lots) as compared to a locally licensed DTwP-HepB-Hib pentavalent combination vaccine and describe the safety.

Results
In cohort 1 (toddlers), 10 doses of investigational and 5 doses of
comparator vaccine were administered as a single booster.
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In cohort 2 (infants), overall 2690 doses of investigational vaccine (930 ﬁrst doses, 890 second doses and 870 third doses)
and 447 doses of comparator vaccine (155 ﬁrst doses, 148 second doses and 144 third doses) were administered.
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mL), Pertussis (17.5 NTU and 17.2 NTU), Hib (8.87 mcg/mL
and 9.45 mcg/mL) and Hepatitis B (836 mIU/mL and 1908
mIU/mL). The detailed Geometric Mean Concentrations for
cohort 2 are tabulated in Table 1 and Figure 2, and for cohort 1
in Table 2.

Lot-to lot consistency
Immune lot-to-lot consistency analysis revealed that for each
valence, the observed inter-lot differences lie between 95% CI
i.e. –d to Cd (here d D 10%) with the exception of anti-wP antibody levels for Lot A vs. Lot B and Lot B vs. Lot C pair, which
were marginally out of speciﬁcation. The detailed immune lotto-lot consistency analysis results of cohort 2 are tabulated in
Table 1.
Immunogenicity analysis
In cohort 1, the seroprotection rates for toddlers pertaining to
Diphtheria, Pertussis and Hib were 100% and seroresponse rate
for whole cell pertussis was 80% in both study groups. Hepatitis
B seroprotection rates were 90% and 100% in investigational
and comparator group respectively. The detailed immunogenicity results of cohort 1 are tabulated in Table 2.
In cohort 2, the seroprotection rates for infants pertaining to
Diphtheria and Tetanus were 100% in both study groups. Seroprotection rates of investigational and comparator group for
Hepatitis B and Hib were 97.8% vs. 100% and 99.5% vs. 100%
respectively. Seroresponse rate of investigational and comparator group for whole cell pertussis was 70.1% vs. 68.9%. The
detailed immunogenicity results of cohort 2 are tabulated in
Table 1. Following three doses of primary vaccination (cohort
2), 96.7% (95% CI 95.2; 97.8) of subjects in the investigational
vaccine groups (pooled lots) and 95.5% (95% CI 90.4; 98.3) of
subjects in the comparator vaccine group had anti-PRP antibody titers more than 1.0 mcg per mL (considered a marker of
long term protection). Similarly 91.2 % (95% CI 89.0; 93.0) of
subjects in the investigational vaccine groups (pooled lots) and
95.4% (95% CI 90.3; 98.3) of subjects in the comparator group
had post vaccination anti-HBS antibody titres more than 100
mIU per mL (considered a marker of long-term protection).
The percentage of subjects exhibiting a post vaccination titer
more than 1.0 IU per mL for Diphtheria and Tetanus antibodies in the investigational vaccine groups (pooled lots) were
80.5% (95% CI 77.6; 83.1) and 76.3% (95% CI 73.2; 79.2)
respectively. The corresponding values for the comparator
group were 76.5% (95% CI 68.4; 83.5) and 78.0% (95% CI 70.0;
84.8) for Diphtheria and Tetanus respectively.
Four-fold or more rise for anti-pertussis toxin (anti-PT) and
anti-ﬁlamentous hemagglutinin (anti-FHA) titers (vs baseline)
was observed in 59% vs. 54% and 28% vs. 10% subjects in
investigational (pooled lots) and comparator group respectively
(Fig. 1).
Geometric mean concentrations
In cohort 2, Geometric Mean Concentrations of 5 antigens following investigational (pooled lots) and comparator vaccine
administrations respectively were as follows; Diphtheria (1.61
IU/mL and 1.46 IU/mL), Tetanus (1.85 IU/mL and 2.08 IU/

Safety analysis
In cohort 1, solicited injection site reactions were observed in
60% (6 subjects) and 80% (4 subjects); systemic reactions were
observed in 50% (5 subjects) and 60% (3 subjects) whereas
unsolicited reactions were observed in 40% (4 subjects) and
20% (1 subject) in investigational and comparator groups
respectively. No Serious Adverse Events were observed.
In cohort 2, tenderness at the site of injection was the most
frequently reported solicited injection site reaction across all
doses for the 2 study groups followed by swelling and erythema.
Crying excessively was the most frequently reported solicited
systemic reaction across all doses for the 2 study groups followed by irritability and erythema. Dose-wise incidence of all
solicited adverse events according to severity (any grade and
grade 3) in cohort 2 is summarized in Table 3. The most frequently reported unsolicited events were of “infection and
infestation category” (investigational: 7.2% and comparator:
8.4%) followed by “respiratory, thoracic and mediastinal disorder” and gastrointestinal disorder. Total of Six (6) serious
adverse events, including 2 fatalities were reported from the
study, all the SAEs were observed in Shan5 group. None of
these events were considered as related to vaccine administration. Out of these 6 SAEs, 2 were reported during the 6 months
follow up period post third dose (Table 4). All the SAEs were
reviewed by the Data Safety Monitoring Board and reported to
the National Regulatory Authority of India, Ethics Committee
at the site of occurrence and the ethics committees at the other
sites in the study as per GCP and Indian Regulatory requirements. The two fatal cases were also reviewed at the level of an
independent expert committee constituted by the Indian regulators and conﬁrmed as not related to vaccination.

Discussion
The present study evaluated safety and immunogenicity proﬁles between 2 study groups in cohort 1 (toddlers) and safety,
immune consistency among 3 lots of the investigational vaccine
and immune non-inferiority of investigational vaccine against
comparator vaccine in cohort 2 (infants). The seroprotection
and seroresponse rates observed in cohort 2 were within the
expected ranges based on data published from India where
other DTwP-HepB-Hib pentavalent and tetravalent vaccines
have been evaluated in various clinical studies.3–7
In cohort 2, the primary objective of immune lot-to-lot consistency among 3 lots was met for 4 antigens viz. Hib (PRP),
Hepatitis B, Diphtheria and Tetanus. For whole cell pertussis
(wP), the equivalence tests were marginally outside of deﬁned
expected target speciﬁcation (i.e., d D § 10%) for 2 (Lot A vs.
Lot B and Lot B vs. Lot C) out of 3 tests. This marginal miss
can be attributed to the low ‘a posteriori’ power of the test
(21.2%) as opposed to the ‘a priori’ target power (82%). The
target assumed for seroresponse rate of wP was 89% based on
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5.183 (¡2.5; 12.8)
¡0.036 (¡2.0; 1.9)
¡0.829 (¡3.4; 1.5)
0.000 (¡1.4; 1.3)
0.000 (¡1.4; 1.3)

Lot A vs. Lot B
0.387 (¡7.1; 7.9)
¡0.758 (¡2.7; 0.7)
1.681 (¡1.2; 4.7)
0.000 (¡1.4; 1.3)
0.000 (¡1.4; 1.3)

Lot A vs. Lot C

ND Number of subjects analyzed according to PP analysis Set

Anti-wcP (NTU)
Anti-Hib (mcg/mL)
Anti-HBs (mIU/mL)
Anti-D (IU/mL)
Anti-T (IU/mL)

Antibody

Pooled investigational
vaccine (N D 822)
70.1 (66.8; 73.2)
99.5 (98.8; 99.9)
97.8 (96.5; 98.7)
100.0 (99.6; 100.0)
100.0 (99.6; 100.0)

¡4.796 (¡12.3; 2.8)
¡0.722 (¡2.5; 0.7)
2.510 (¡0.1; 5.4)
0.000 (¡1.3; 1.3)
0.000 (¡1.3; 1.3)
68.9 (60.3; 76.7)
100.0 (97.2; 100.0)
100.0 (97.2; 100.0)
100.0 (97.2; 100.0)
100.0 (97.2; 100.0)

Comparator
(N D 132)

1.146 (¡6.802; 10.017)
¡0.488 (¡1.249; 2.355)
¡2.209 (¡3.464; 0.752)
0.000 (¡0.467; 2.828)
0.000 (¡0.467; 2.828)

Difference (%)
and 95% CI (2 -sided)

Non-inferiority
[Seroprotection/Seroresponse rate; (95% CI)]

Lot B vs. Lot C

Difference in seroresponse/seroprotection
(%) and 95%[CI] (2- sided)

Lot-to lot
-consistency

17.5 (16.3; 18.6)
8.87 (8.28; 9.51)
836 (750; 932)
1.61 (1.52; 1.69)
1.85 (1.74; 1.98)

Pooled investigational
vaccine (N D 822)
GM (95% CI)

17.2 (14.7; 20.2)
9.45 (7.77; 11.5)
1908 (1477; 2466)
1.46 (1.26; 1.69)
2.08 (1.78; 2.43)

Comparator (N D 132)
GM (95% CI)

Post-dose 3 GMT

Table 1. Lot-to-lot-consistency among investigational vaccine lots, non-inferiority for pooled investigational vaccine vs. comparator and post-Dose 3 GMT of pooled investigational vaccine vs. comparator as per per-protocol analysis
set in cohort 2.
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Table 2. Seroprotection/seroresponse rate & Geometric Mean Concentrations of cohort 1.
Investigational Vaccine (N D 10)

Comparator vaccine (ND5)

Antibody

Criteria

n/M

%

95% CI

Post Dose GMC

n/M

%

95% CI

Post Dose GMC

Anti-wP
Anti-Hib
Anti-HBs
Anti-D
Anti-T

> 11 NTU
 0.15 mcg/mL
 10 mIU/mL
 0.01 IU/mL
 0.01 IU/mL

8/10
10/10
9/10
10/10
10/10

80.0
100.0
90.0
100.0
100.0

(44.4; 97.5)
(69.2; 100.0)
(55.5; 99.7)
(69.2; 100.0)
(69.2; 100.0)

21.8
7.73
1293
2.12
17.1

4/5
5/5
5/5
5/5
5/5

80.0
100.0
100.0
100.0
100.0

(28.4; 99.5)
(47.8; 100.0)
(47.8; 100.0)
(47.8; 100.0)
(47.8; 100.0)

20.5
5.72
2018
2.40
26.8

M: number of subjects with available data for the relevant endpoint; n: number of subjects experiencing endpoint listed in the criteria column; %: percentages and 95% CI
are calculated according to the subjects available for the endpoint.

our previous experience with the same type of vaccine but using
a different ELISA kit.3 The observed seroresponse for wP for all
3 lots of investigational vaccine [Lot A (72%), Lot B (66.8%),
Lot C (71.6%)] were lower than the target. This likely may have
resulted due to the change in ELISA kit. This observed seroresponse resulted in a lower power of the test which makes it difﬁcult to deﬁnitely conclude on lot to lot consistency for wP
given the marginal miss [95% CI for Lot A vs. Lot B is (¡2.59;
12.85) and for Lot B vs. Lot C is (¡12.39; 2.88)]. However, the
marginal miss to achieve the pre-speciﬁed statistical margins
for lot to lot consistency has limited clinical relevance. The
Reverse Cumulative Distribution Curves for antibody response
of 3 lots of investigational vaccine display the entire distribution of wP titers observed in the study participants (Fig. 3). The
curves are very similar across the entire range suggesting consistency and minimal variability. Additionally, when a formal
post hoc statistical comparison was performed (log rank test),
the ﬁndings were non-signiﬁcant (p D 0.3017) demonstrating
minimal heterogeneity of the distribution. Additionally the
observed seroresponse rate for the comparator vaccine [68.9%
(95% CI 60.3; 76.7)] was similar and statistically non-inferior
to the seroresponse observed with the investigational vaccine.
The anti-PT antibody response (Lot A: 36.7%, Lot B: 37.7%
and Lot C: 41.2%) and anti-FHA antibody response (Lot A:
3.8%, Lot B: 2.5% and Lot C: 3.1%) were also similar across all
the 3 lots of investigational vaccine. This further strengthens
the rationale that the marginal miss in lot to lot consistency
was predominately inﬂuenced by the low power of the test and
thus, is unlikely to be a true observation.
In cohort 2, the co-primary objective of immune non-inferiority was established for all 5 antigens where all the antigens
met the pre-speciﬁed criteria for immune non-inferiority i.e.,
for each valence, the lower limit of the 95% CI of the observed

difference was greater than –d (¡10%) and thus pooled lots was
considered to be non-inferior to comparator vaccine.
Comparable safety proﬁle was observed between both
groups of Cohort 1. In cohort 2; Immediate, solicited injection
site and systemic reactions were similar in subjects receiving
investigational and comparator vaccine. None of the unsolicited adverse reports reported in the study were related to any of
the vaccine and resolved with or without any medications. All
the SAEs (including the fatalities) were conﬁrmed as un-related
to either of the study product by the investigators and the Independent Data Safety Monitoring Board.

Patients and methods
Study design
A Multi-center (11 study sites), randomized, single blinded
study was conducted initially in 15 toddlers who were followed
up for safety and tolerability for 28 d following single booster
dose (Cohort 1) followed by evaluation of 1085 infants followed
up for immunogenicity for 28 d and safety for 6 months following 3 doses of the vaccine administered at 6–8, 10–12 and 14–
16 weeks of age (Cohort 2). The study was designed as a 2-arm
trial in cohort 1 (investigational: comparator - 2:1 randomization) and a 4-arm trial of 3 lots of investigational vaccine (Lot
A, Lot B and Lot C) and one arm receiving comparator vaccine
in Cohort 2 (2:2:2:1 randomization). Protocols and the other
relevant study documents were approved by the Drugs Controller General of India (DCGI) and respective institutional
ethics committees prior to the start of the study. Study was conducted according to the guidelines laid in Declaration of Helsinki and Good Clinical Practice as per ICH, Indian GCP and
applicable regulatory guidelines. Subjects were recruited following a written informed consent provided by parents or legally
acceptable representative (LAR). The study was registered in
the Clinical Trial Register of India (Registration number:
CTRI/2012/08/002872).
Study participants

Figure 1. Percentage of subjects in cohort 2 demonstrating a 4 Fold or more rise of
anti-PT and anti-FHA antibody titers (Lot A, B and C refer to investigational vaccine).

Healthy toddlers aged 15–18 months were enrolled in cohort 1
based upon their primary immunization proﬁle. Healthy
infants aged 6–8 weeks were enrolled in Cohort 2 based upon
the gestational age (37 completed weeks at birth), mother’s
medical history and weight at birth (2.5 kg) unless possibly
allergic to any component of the vaccine, or immunized previously with similar vaccines except BCG, birth dose of Hepatitis
B and/or OPV. Infants who had been administered a birth dose
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Figure 2. RCDC (Reverse Cumulative Distribution Curves) for all investigational vs. comparator Pre-Primary and Post-Dose 3 in cohort 2 for Anti HBS antibody response.

of the hepatitis B vaccine, as per the study center protocol, were
not excluded from the study but a record of this was made in
the CRFs.
All the 15 subjects enrolled in cohort 1, completed the study.
In Cohort 2, a total of 954 subjects completed the study as per
protocol out of total 1085 subjects recruited in the study. Subject disposition of Cohort 2 is summarized in Figure 4. The
mean age of vaccinees at recruitment was 16.5 months and 6.8
weeks for cohort 1 and cohort 2 respectively. The study groups
were comparable for other baseline characteristics (male to
female ratio, birth weight, height, head circumference and body
mass index) at enrollment.
Study vaccines
One lot of investigational (PLK003A11) and comparator
(137P1017E) vaccines were used in Cohort 1 whereas 3 lots of

investigational [Lot A: PLK002A11 (manufactured Nov 2011),
Lot B: PLK003A11 (manufactured Nov 2011) and Lot C:
PLK004A11(manufactured Dec 2011)] and one batch of comparator (137P1017A) vaccines were used in Cohort 2. Each
dose (0.5 mL) of investigational vaccine contains diphtheria
toxoid (30 IU), tetanus toxoid (60 IU), whole cell Bordetella
pertussis (4 IU), HBV surface antigen (10 mcg), Hib polysaccharide conjugated with tetanus toxoid (10 mcg), adsorbed on
Aluminum Phosphate (0.625 mg) as adjuvant, Thiomersal as
preservative (0.050 mg) along with sodium chloride (4.5 mg)
and the volume was made 0.5 mL with water for injection. A
single dose (0.5 mL) of comparator vaccine contains diphtheria
toxoid (20 Lf to 30 Lf), tetanus toxoid (2.5 Lf to 10 Lf),
whole cell Bordetella pertussis (4 IU), HBV surface antigen
( 10 mcg), conjugated Hib polysaccharide (10 mcg), adsorbed
on Aluminum Phosphate (1.25 mg) as adjuvant and Thiomersal 0.005%.

Table 3. Incidence of solicited adverse reactions in cohort 2 as observed over 28 d of follow up period after each dose.
Dose 1
Solicited
Adverse
Reactions
Tenderness
Erythema
Swelling
Fever
Vomiting
Crying abnormal
Drowsiness
Appetite lost
Irritability


Severity

Pooled investigational
vaccine N D 930
M D 901 n(%)

Any grade
Grade 3
Any grade
Grade 3
Any grade
Grade 3

564 (62.6)
121 (13.4)
209 (23.2)
3 (0.3)
346 (38.4)
4 (0.4)

Any grade
Grade 3
Any grade
Grade 3
Any grade
Grade 3
Any grade
Grade 3
Any grade
Grade 3
Any grade
Grade 3

217 (24.1)
4 (0.4)
112 (12.4)
9 (1.0)
421 (46.8)
42 (4.7)
190 (21.1)
24 (2.7)
205 (22.8)
14 (1.6)
343 (38.1)
28 (3.1)

Dose 2
Comparator
N D 155
M D 151 n(%)

Pooled investigational
vaccine N D 890
M D 873 n(%)

Injection Site Reactions
91 (60.3)
538 (61.6)
18 (11.9)
116 (13.3)
29 (19.3)
225 (25.8)
0 (0.0)
1 (0.1)
54 (36.2)
321 (36.8)
2 (1.3)
1 (0.1)
Systemic Reactions
42 (28.0)
275 (31.5)
0 (0.0)
7 (0.8)
15 10.0)
102 (11.7)
0 (0.0)
3 0.3)
71 (47.3)
397 (45.5)
5 (3.3)
37 (4.2)
38 (25.3)
180 (20.6)
2 (1.3)
14 (1.6)
31 (20.7)
205 (23.5)
6 (4.0)
14 (1.6)
46 (30.7)
331 (37.9)
2 (1.3)
24 (2.7)

Dose 3
Comparator
N D 148
M D 144 n(%)

Pooled investigational
vaccine N D 870
M D 846 n(%)

Comparator
N D 144
M D 137 n(%)

82 (56.9)
24 (16.7)
28 (19.6)
0 (0.0)
46 (32.2)
0 (0.0)

453 (53.5)
58 (6.9)
194 (22.9)
2 (0.2)
253 (29.9)
0 (0.0)

78 (56.9)
16 (11.7)
33 (24.3)
0 (0.0)
43 (31.6)
1 (0.7)

61 (42.4)
1 (0.7)
18 (12.5)
0 (0.0)
68 (47.2)
9 (6.3)
30 (20.8)
2 (1.4)
36 (25.0)
4 (2.8)
61 (42.4)
7 (4.9)

213 (25.2)
4 (0.5)
57 (6.7)
2 (0.2)
298 (35.2)
16 (1.9)
114 (13.5)
7 (0.8)
132 (15.6)
15 (1.8)
243 (28.7)
9 (1.1)

43 (31.4)
0 (0.0)
6 (4.4)
0 (0.0)
57 (41.6)
9 (6.6)
25 (18.2)
1 (0.7)
28 (20.4)
4 (2.9)
50 (36.5)
1 (0.7)

n D number subjects with incidence of events; M D number of subjects for which the safety data is available; N D number of doses administered
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Table 4. Details of SAEs observed in cohort 2.
SAE Number Vaccine administered Immunization number
1
2
3
4
5
6

Shan 5 (Lot B)
Shan 5 (Lot A)
Shan 5 (Lot C)
Shan 5 (Lot B)
Shan 5 (Lot C)
Shan 5 (Lot B)

Dose 2
Dose 1
Dose 1
Dose 1
Dose 3
Dose 3

Time after immunization

Complaint/Diagnosis

Outcome

Relationship

25 d post dose 2
29 d post dose 1
6 d post dose 1
24 d post dose 1
144 d (or 5 months) post dose 3
154 d (or 5.5 months) post dose 3

Pneumonia
Metabolic Acidosis
Aspiration/Laryngospasm /Convulsions
Benign Intracranial Hypertension
Arthropod Sting
Lower Respiratory Tract Infection

Death
Death
Recovered
Recovered
Recovered
Recovered

Not Related
Not Related
Not Related
Not Related
Not Related
Not Related

Objectives
The study was conducted in 2 cohorts. A smaller initial group
of 15 toddlers followed up for 28 d post single dose of vaccine
administered as a booster (cohort 1) followed by a larger group
of 1085 infants administered 3 doses of vaccine as a primary
series and followed up for 6 months (cohort 2). In cohort 1, the
primary objective was to assess the safety of investigational vaccine as compared to comparator vaccine up to a follow-up
period of 28 d post the booster dose. The secondary objective
in cohort 1 was to describe the immunogenicity of all 5 antigens
as evaluated 28 d post booster dose. In Cohort 2, the primary
objective was to demonstrate the equivalence of immunogenicity among 3 lots of investigational vaccine to all the 5 antigens,
one month after a 3-dose primary series in terms of seroprotection rates for D, T, Hep B, and Hib antibodies; seroresponse
rates for wP antibodies. A co-primary objective was to demonstrate the non-inferiority of pooled investigational vaccine in
comparison to comparator vaccine in terms of seroprotection/
seroresponse rates for all antigens, one month after a 3-dose
primary series. Descriptive evaluation of safety, up to 28 d after
each vaccination and 6 months post-Dose 3, was a secondary
objective for cohort 2.

Study procedures
The toddlers in cohort 1 were vaccinated with a single booster
dose of either investigational or comparator vaccine whereas in
cohort 2, infants were vaccinated with 3 doses of either the
investigational vaccine (from one of the 3 lots) or comparator
vaccine based upon the randomization list. Respective vaccines
were injected intramuscularly in the toddler’s/infant’s upper
thigh in a dose of 0.5 mL each. Alternate thighs were used for
vaccination of each subsequent dose in infants. The vaccinated
toddlers (Cohort 1) were observed for 30 minutes post-

vaccination for any immediate adverse events and followed up
for safety and immunogenicity for 28 d for solicited and unsolicited systemic and local adverse events. Similarly infants
(Cohort 2) were observed for 30 minutes post-vaccination for
any immediate adverse events and followed up for immunogenicity for 28 d and safety for 6 months following 3 doses of the
vaccine. Parents or guardians recorded pre-speciﬁed local and
systemic reactions, and unsolicited adverse events on dairy
cards for 7 d and 28 d respectively following vaccination. Axillary temperature was measured daily using a standard electronic thermometer provided by the sponsor. Serious adverse
events were documented from enrollment to last follow-up
visit. All adverse events were reported and recorded as per
Brighton case deﬁnitions issued by Brighton Collaboration.13
Following each dose of the vaccine, the infants with body temperature 40.4 C, persistent screaming or crying for 3 hours
within 48 hours of vaccination, seizures, encephalopathy or
hypersensitivity reaction were planned to be excluded from
receiving subsequent doses of the vaccines.
Two (2) blood samples of approximately 5 mL each were
collected, one just before the ﬁrst dose of vaccine and
another 28 d (with a window of 7 days) after the single
booster dose or after the third dose of vaccine in cohort 1
and cohort 2 respectively. The trial sera were labeled with a
unique identiﬁer number at the study sites so that all the
serological assays could be performed in a blinded manner.
Antibodies were estimated for all antigens by Enzyme Linked
Immunosorbent Assay (ELISA) except for anti-PT and antiFHA, where the method was Luminex-based Multi Analyte
Immuno Detection (MAID) Assay. All the assays were setup
and validated at the laboratory prior to running the clinical
samples and the operators were blinded to the vaccine
received by the subjects. The Kit/Lab developed assay used
and the cut-off values for seroprotection/seroresponse for
different antibodies are tabulated in Table 5.8-12

Table 5. Kit/Lab developed Assay and the cut-off values of seroprotection/seroresponse for different antibodies.



Antibody

Kit/Lab developed assay

Cut-off values of
seroprotection /seroresponse

Anti-wcP
Anti-Hib
Anti-HBs
Anti-D
Anti-T
Anti-PT
Anti-FHA

NovaLisaTM Bordetella pertussis IgG – ELISA, Novatec Immundiagnostica GMBH, Germany
VACCZYME, anti Haemophilus inﬂuenzae type b enzyme immunoassay kit, Binding Site Limited, Birmingham UK
VITROS Anti-HBs Reagent Pack, Ortho Clinical Diagnostics, Johnson & Johnson, USA
NovaLisaTM Corynebacterium diphtheriae toxin IgG-ELISA, Novatec Immundiagnostica GMBH, Germany
Tetanus IgG ELISA, IBL International GmbH, Germany
Assay developed by Focus lab
Assay developed by Focus lab

>11 NTU
0.15 mg/mL
10 mIU/mL
0.01 IU/mL
0.01 IU/mL
> 45 IU/mL
> 90 IU/mL

A correlate of protection has yet to be established for pertussis11, therefore seroconversion (for primary objective) was deﬁned as a post vaccination titer more than or
equal to the pre-vaccination titer in initially seropositive subjects (>11 NTU) and in case of initial seronegative subjects ( 11 NTU), the response was considered
according to assay cut off (>11 NTU).
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Figure 3. RCDC (Reverse Cumulative Distribution Curves) for all investigational vs. comparator Pre-Primary and Post-Dose 3 in cohort 2 for whole cell pertussis antibody
response.

Statistical analysis
All statistical analysis was carried out with the SAS® software,
version 8.2 or above (SAS Institute, Cary, NC, USA). No statistical hypotheses were tested for cohort 1 whereas different
hypotheses were tested toward lot-to-lot consistency and noninferiority for cohort 2.
Subjects were randomized with a block size of 3 (2:1 with 2
for investigational and 1 for comparator vaccine) in cohort 1
and with a block size of 14 (2:2:2:1 with 2 for each lots of investigational and 1 for comparator vaccine) in Cohort 2 using

Figure 4. Cohort 2 Subject Disposition Flow Chart.

Proc Plan with SAS v9.2. In order to achieve an overall Global
power of 82% with an assumption that only 90% of subjects
will be evaluable on the per protocol set, a total of 1085 subjects
were enrolled in Cohort 2.
For lot-to-lot consistency, a 3 paired equivalence testing
approach was used to test seroprotection/seroresponse rate 4
weeks after the third dose of vaccination for each antigens with
a pre-deﬁned equivalence limit (d) of 10%. The statistical methodology was based on the use of the 2-sided 95% conﬁdence
interval (CI) of the differences of the seroprotection/seroresponse rates between the pairs of lots for all antigens.

HUMAN VACCINES & IMMUNOTHERAPEUTICS

Non-inferiority of investigational vaccine (3 pooled lots) in
terms of seroprotection/seroresponse rates were demonstrated
if the overall null hypothesis is rejected, that is, individual null
hypotheses for all antigens have to be rejected. The relevant
limit for non-inferiority was planned as ¡10% for D, T, wP,
Hep B, and Hib antigens. The statistical methodology was
based on the lower bound of the 2-sided 95% CI of the difference of the seroprotection/seroresponse rates.
For safety analysis, a descriptive analysis of the reported
solicited and unsolicited adverse events, as reported in diary
cards or as noted by the study team, after each dose between 2
groups was undertaken.
Immunogenicity analysis was based on the ‘Per Protocol’
population (eligible immunized subjects who completed the
study and provided pre and post vaccination blood samples)
and the analysis was performed according to the randomized
vaccine group. Safety analysis was based on ‘Safety Analysis Set
(SafAS)’ population [All subjects who were given at least one
dose of the investigational or comparator vaccine and for
whom safety data/information are recorded (even if no symptom occurred)] and the analysis was performed according to
the injected vaccine group.

Conclusion
The study demonstrated the immune lot-to-lot consistency
among investigational vaccine lots; immune non-inferiority
of investigational vaccine against the locally licensed pentavalent vaccine in infants and a comparable immunogenicity
proﬁle in toddlers. It also demonstrated a comparable safety
proﬁle in infants as well as toddlers. Shan5TM was developed by Shantha Biotechnics Private Limited (A Sanoﬁ
Company) and beneﬁtted from Sanoﬁ Pasteur’s more than
50 y of experience with whole-cell pertussis and combination vaccines. The vaccine meets all the requirements of an
ideal combination vaccine i.e., consistent, safe, immunogenic, affordable and fully liquid to be ready for use. The
vaccine received licensure and approval for marketing in
India from the Drugs Controller General of India and
received WHO-Pre Qualiﬁcation status in April 2014 based
on the results of this study.
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A B S T R A C T
Juvenile granulosa cell tumor (JGCT) is a rare neoplasm of childhood. Interestingly, it is
known to be associated with Ollier disease, which is a rare bone disease characterized
by multiple enchondromatosis. There is paucity of literature about the co‑occurence
of these two conditions. However, this association is noteworthy because these two
conditions share a common pathogenesis. We report a case of JGCT in a 2.5‑year‑old
female child in which multiple enchondromas mimicking bony metastasis were an
incidental finding during routine workup for tumor staging, thus leading to a diagnosis
of Ollier disease.

Key words: Enchondroma, juvenile granulosa cell tumor, Maffucci syndrome,
Ollier disease

INTRODUCTION
Ovarian juvenile granulosa cell tumor (JGCT) is an
extremely rare sex cord‑stromal tumor of the ovary that
accounts for 2%–5% of malignant ovarian neoplasms.[1] Its
association with Ollier disease has rarely been described in
the literature.[2] Enchondromatosis or Ollier disease, which
has an estimated prevalence of 1 in 100,000, is a condition
of mesodermal dysplasia characterized by the derangement
of cartilaginous growth resulting in incorporation of
fragments of the epiphyseal plate within mature bone
which subsequently develop into multiple enchondromas
within the metaphysis. [3] When enchondromatosis
is associated with hemangiomas or lymphangiomas,
then the condition is known as Maffucci syndrome.[4,5]
Chondrosarcoma is a frequently encountered malignancy
in Ollier disease with an estimated risk of 30%–50%, but
its association with JGCT draws attention toward the fact
that there is a generalized mesodermal dysplasia in patients
with enchondromatosis.[6,7] This case report is an attempt
to address the fact that patients with Ollier disease should
be screened for mesodermal neoplasms.
CASE REPORT
A 2.5‑year‑old female child presented with precocious
puberty. Sexual maturity rating by tanner staging was Stage
2. On abdominal palpation, a hard mass was felt in the right
hypochondrium. Magnetic resonance imaging (MRI) of
abdomen and pelvis revealed a well‑defined right ovarian
mass measuring 10 cm × 5 cm × 11 cm with cystic and
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necrotic areas [Figure 1]. Another incidental finding noted
on T2‑weighted MRI study was multiple small lobulated
foci of increased signal intensity separated by a background
mesh of decreased signal intensity in the right femoral
neck, greater and lesser trochanter, and the right iliac
blade which were reported as metastatic lesions. These
incidental MRI findings were correlated with the skeletal
radiographs which showed expansile lytic lesions with
thinning of the cortex [Figure 2]. No other site apart from

Figure 1: Ovarian tumor with multiple small lobulated foci of increased
signal intensity in the right femur
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those seen in the MRI was involved, thus confirming the
unilateral distribution of the lesions. The ovarian tumor
was surgically removed [Figure 3]. Tumor microscopy
revealed macrofollicles lined by 2–3 layers of granulosa
cells. The islands of granulosa cells showed Call‑Exner
bodies [Figure 4]. Tumor cells expressed inhibin, calretinin,
melan‑A (focal), and cytokeratin. Although the tumor
was well localized but peritoneal aspirate was positive
for malignant cell but the omental biopsy specimen was
not involved. Thus, the diagnosis of JGCT 1C3 (as per
new FIGO staging) was established. Bone scan was done
to confirm metastasis, but there was no evidence of
osteoblastic skeletal metastasis. She was further subjected
to biopsy of the bone lesions to find out the nature of
lytic lesions. The biopsy specimen contained cartilaginous
elements which were reported as enchondromas [Figure 5].
Hence, the final diagnosis was Ollier disease with JGCT.
A significant regression of the breast size and pubic hair
was noted few weeks after the surgery. The patient was

put on chemotherapy as per germ cell tumor protocol, and
parents were counseled about the risk for the development
of chondrosarcoma and the need for regular follow‑up.
DISCUSSION
The present case describes unusual association of two
rare conditions. Ollier disease is a nonfamilial disorder.[8]
There are very few case reports of this association, and
these enchondromas were an incidental finding. According
to the literature, the mean age of presentation of JGCT
is 13 years.[9] The common clinical manifestation of Ollier
disease is limb length discrepancy due to its characteristic
involvement of one hemiskeleton or enchondromas in the
phalanges and metacarpals.[10] However, in our case, Ollier
disease was diagnosed on the basis of imaging and biopsy
findings, even though the patient had not developed the
clinical manifestation of the disease. Although this is an
unusual association it emphasizes generalized mesodermal
dysplasia in enchondromatosis and points toward the risk
of development of ovarian neoplasms in addition to the
commonly encountered chondrosarcomas which usually
manifest in the second decades of life.[8] Another very
interesting aspect of this case was maternal history of
intake of ovulation‑inducing drugs for a prolonged period

Figure 2: Lytic lesions in the right femur in the X‑ray
Figure 3: Surgical removal of the ovarian tumor

Figure 4: High‑power view of the granulosa cells with call–exner
bodies (granulosa cells tend to form primitive follicle seen as empty
spaces between granulosa cells)
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Figure 5: Enchondromas
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of 2 years as a part of infertility treatment before this
conception. Hence, this case supports the fact that intake
of estrogen containing compounds is an etiological factor
for the development of granulosa cell tumors.[11]
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ABSTRACT

Lymphangiomas are congenital malformations of lymphatic vessels; 50% are diagnosed at birth, 90% by the age of 2 years.
They are slow growing, but tends to infiltrate local surrounding tissues. They are commonly present in neck; axilla and breast are
less common. Surgery is the treatment of choice. Radiotherapy and sclerotherapy are proven to be ineffective.
KEYWORDS
Cystic Lymphangioma.
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1596-1597, DOI: 10.14260/jemds/2016/375
CASE REPORT
A 30-year-old female presented with complaints of lump in
the left breast of 2 months’ duration, which was insidious in
onset, gradually progressive in size measuring 10*8 cm, not
associated with pain. She had stopped lactating 14 months
back. No significant past and family history.
Physical examination revealed a lump in left axillary tail
region of breast measuring 11*8 cm (Fig. 1) soft, non-tender,
not attached to overlying skin or underlying muscles with no
axillary lymphadenopathy.
Basic investigations including blood, urine were within
normal limits. FNAC of swelling showed haemorrhagic
background with mature lymphocytes-Benign cystic lesion
with features of chronic infection. USG breast (Fig. 3) showed
a large multiloculated cystic lesion in axillary tail of breastprobably cystic lymphangioma axillary tail of breast. CECT
(Fig. 2) showed a large, non-enhancing, multiloculated fluid
to soft tissue attenuation lesion in the subcutaneous plane
from left axilla to anterior chest wall-? Lymphangioma.
Under General Anaesthesia, Lazy S incision was put
from anterior to posterior axillary folds. Findings included a
multiloculated cystic lesion containing bluish transparent
fluid, which was excised preserving axillary neurovascular
structures (Fig. 4) 3 months of follow-up showed no
recurrence.
Histopathological examination (Fig. 5 & 6) revealed
dilated lymphatic spaces lined by endothelial cells containing
clear fluid with few lymphocytes-features suggestive of cystic
lymphangioma.

Fig. 2

Fig. 3

Fig. 1
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DISCUSSION
Cystic lymphangiomas are rare lymphatic malformations
resulting from retarded development or obstruction of
primordial lymphatic channels. These commonly occur in the
neck and involvement of the breast is extremely rare. Cystic
lymphangiomas have been classified into simple, cystic and
cavernous types.1,2
70% occur in neck, 20% in axilla and 10% in abdominal
viscera, retroperitoneum, skeleton, scrotum and very rarely
in breast. Cystic lymphangioma may be associated with
chromosomal abnormality (Turner’s syndrome, trisomy 18,
13 & mosaic trisomy) and other anatomical abnormalities.
Diagnosis is by USG, CECT and MRI of the Breast.
Surgery is the treatment of choice. (Sclerotherapy,
irradiation, I and D, Cryotherapy are proved to be
ineffective).3
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ANALGESIC EFFICACY OF INTRAPERITONEAL TRAMADOL VS. PLACEBO FOR POSTOPERATIVE PAIN
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ABSTRACT
CONTEXT
Early postoperative pain is common and predominant complaint which results in prolonged hospital stay.
AIMS
The present study explores effectiveness of intraperitoneal instillation of tramadol on postoperative pain relief and emergence
of adverse effects following laparoscopic appendectomy.
SETTINGS AND DESIGN
The present one year double blinded randomized controlled trial was done in the Department of General Surgery, KLES Dr.
Prabhakar Kore Hospital and Medical Research Centre, Belgaum, from January 2014 to December 2014.
METHODS AND MATERIAL
A total of 60 patients undergoing elective laparoscopic appendectomy were enrolled. The selected patients were divided into
two groups of 30 each as group A and B based on the drugs that is intraperitoneal tramadol 150 mg (Diluted in 40 mL of normal
saline) and 40 mL of intraperitoneal normal saline respectively.
STATISTICAL ANALYSIS USED
The categorical data was expressed as rates, ratios and percentages and comparison was done using Fisher’s exact test and chisquare test. Continuous data was expressed as mean±standard deviation and the comparison was done using independent sample
‘t’ test. A probability (‘p’ value) of less than or equal to 0.05 at 95% confidence interval was considered as statistically significant.
RESULTS
In group A, 53.33% of the patients were males compared and 46.67% in group B (p=0.606). The mean age in group A
(26.13±9.96 years) and group B (31.43±14.81 years) were comparable (p=0.110). Both the groups were comparable in terms of
demographic characteristics, clinical presentation and vitals (p>0.050). The mean VAS scores at beginning were significantly low in
group A (1.53±0.94) compared to group B (2.93±1.17) and similar trend was noted at all the durations through the post-operative
period (p<0.001). Most of the patients in group A did not request for the post-operative analgesia (56.67% vs 6.67%; p=0.011). In
group A, significantly lower numbers of mean doses were administered (0.57±0.82 vs 2.20±0.92; p<0.001). The frequency of postoperative rescue analgesia significantly low in group A at 15 minutes, 30 minutes, 6 hours and 12 hours as compared to group B
(p<0.050). Adverse events were noted in 23.33% of the patients with group A compared to 10% in group B (p=0.166). The mean
hospital stay in group A was significantly low (p=0.017).
CONCLUSIONS
Intraperitoneal instillation of tramadol offers effective post-operative visceral pain relief in laparoscopic appendectomy and
incidence of adverse effects is well acceptable.
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INTRODUCTION
Acute appendicitis is inflammation of the vermiform
appendix and remains the most common cause of the acute
abdomen in young adults.1 It is a common condition regarded
as a surgical emergency, though notoriously difficult to
diagnose and associated with a variety of severe
consequences.
The lifetime risk of developing appendicitis is
approximately 7% and usually requires surgical treatment.
The overall incidence of this condition is approximately 11
cases per 10,000 populations per year.
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Acute appendicitis may occur at any age, although it is
relatively rare at the extremes of age.2 A male preponderance
exists with a male-to-female ratio of 1:1 to 3:1. The overall
lifetime risk is 9% for males and 6% for females. A difference
in diagnostic error rate ranges from 12% to 23% for men and
24%–42% for women.3
While the clinical diagnosis may be straightforward in
some patients who present with classic signs and symptoms,
atypical presentations may lead to diagnostic confusion and
delay in treatment.4 Abdominal pain is the primary
presenting complaint of patients with acute appendicitis. The
typical diagnostic sequence of colicky central abdominal pain
followed by vomiting with migration of the pain to the right
iliac fossa is present in only 50% of patients to be specific; the
patient describes a periumbilical colicky pain, which
increases in severity during the first 24 hours, becoming
constant and sharp and shifts to the right iliac fossa. The
initial pain represents a referred symptom resulting from the
visceral innervation of the midgut, and the localised pain is
caused by involvement of the parietal peritoneum after
progression of the inflammatory process. Loss of appetite is
often a predominant feature. Constipation and nausea with
profuse vomiting may indicate development of generalized
peritonitis after perforation, but it is rarely a major feature in
simple appendicitis.5
The diagnosis of appendicitis can be challenging even in
the most experienced hands and is mostly a clinical one.
Accurate anamnesis and physical examination are important
to prevent unnecessary surgery and avoid complications. The
probability of appendicitis depends on age, clinical setting
and symptoms.6,7
The mainstay of treatment is an appendectomy and
consequently this is one of the most common operations
performed on the acute abdomen.8 Open Appendectomy (OA)
has withstood the test of time for more than a century since
its introduction by McBurney.9,10 Since its initial description
by Semm in 1983, Laparoscopic Appendectomy (LA) has
struggled to prove its superiority over the open technique.9,11
It is suggested that laparoscopic removal of an inflamed
appendix may have benefits over open surgery.12,13 Patients
undergoing LA experience a reduction in wound infections,
require less intraoperative and postoperative pain
medications, stay less time in hospital, have quickened return
of normal bowel function and improved cosmetic outcome,
avoiding a large laparotomy scar.14
Early postoperative pain is the most prevalent and
dominant complaint that requires strong analgesia including
opiates after elective laparoscopic surgeries. For that reason,
many efforts have been made to improve postoperative
analgesia, but postoperative pain however does not
completely disappear and several studies have shown that
visceral pain is the major component. Nonetheless, pain may
be moderate to even severe for some patients during the first
24 postoperative hours and has frequently been treated with
no steroid anti-inflammatory drugs (NSAIDs) or opioid
treatment.15
The exact aetiology of pain after laparoscopic surgeries
is still unclear; however, it appears to be multifactorial and
the causes include abdominal wall trauma by trocar
entrances, diaphragmatic irritation secondary to CO2
insufflation and pneumoperitoneum, type and temperature of
insufflated gas and intra-abdominal pH, residual
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intraperitoneal gas, intra-abdominal trauma, microruptures
of the parietal peritoneum due to abdominal distension,
chemical irritation of the peritoneum, etc. Therefore,
multimodal analgesic techniques are necessary. In order to
reduce postoperative pain after the laparoscopy, several
methods such as rectus cover block, intraabdominal drain
placement, intraabdominal instillation of local anaesthetics,
intraperitoneal infiltration of the local anaesthetics or
opioids, the use of intramuscular morphine injections,
patient-controlled analgesia and injection of local
anaesthetics into the port sites are suggested.15
The pre-emptive intravenous and intraperitoneal
application of local anaesthetics is known to improve the
postoperative outcome in abdominal surgery.16 However,
there is lack of consensus regarding the drug, dose,
concentration, site and route of administration.
Local administration of tramadol has been found to be
an effective analgesic when given intra-articularly or when
added to local anaesthetics for nerve blocks.17 Tramadol is a
synthetic 4-phenyl-piperidine analogue of codeine. It has an
affinity for µ-opioid receptors and inhibits the neuronal
reuptake of serotonin and norepinephrine.18 Tramadol has
central analgesic effects due to monoaminergic and µreceptor agonistic activities. It also has local anaesthetic
properties and the risk of serious adverse effects is
limited.17,19-21
However, there is scanty data on the effect of
intraperitoneal instillation of tramadol alone for the
management of immediate postoperative pain in patients
undergoing laparoscopic appendicectomy. Further several
studies have assessed the role of intraperitoneal instillation
of tramadol for the management of immediate postoperative
pain in other laparoscopic surgeries and yielded
controversial results. The pain in laparoscopic surgery being
multifactorial, we chose tramadol as it has multiple
mechanism of pain relief as described above. This tempted us
to evaluate the role of intraperitoneal instillation of tramadol
on postoperative pain relief and emergence of adverse effects
following laparoscopic appendectomy.
MATERIALS AND METHODS
This one year randomized control trial was conducted at
Department of General Surgery of tertiary care hospital in
North Karnataka from January 2014 to December 2014. The
study was approved by Institutional Ethics Committee. Since
no similar studies have been reported in the literature on
effectiveness of intraperitoneal instillation of tramadol for
postoperative pain in laparoscopic appendectomy, applying
thumb rule 60 cases undergoing elective laparoscopic
appendectomy were included divided into two groups of 30
each. Patients aged 14 years and above, either sex and with
ASA grade I and II were included in the study. Uncooperative
and unwilling patients. Those with history of anaphylaxis to
opioids, immunocompromised patients or severe hepatorenal
impairment, ASA grade III, IV and V and those needing
conversion to open appendectomy were excluded from the
study. Prior to the commencement, the Ethical Clearance was
obtained from the Institutional Ethics Committee. Patients
fulfilling selection criteria were detailed about the nature of
study and a written informed consent was obtained.

J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 5/ Issue 39/ May 16, 2016

Page 2391

Jemds.com


The demographic data such as age and sex, presenting
complaints were noted. The patients were subjected to
clinical examination and vitals were noted.

The systemic examination was done and the clinical
signs such as RIF tenderness, rebound tenderness and
guarding were noted. Their findings were recorded on a
predesigned proforma. Patients were divided into two groups
of 30 each as group A and B based on computer generated
random numbers. Patient placed supine under general
anaesthesia. The pneumoperitoneum was created by closed
technique (Photograph 2). Trendelenburg with right side up
was given during procedure for easy access. The first 10 mm
port was placed in the umbilicus for the 30-degree optical
device of size 10 mm using permanent metallic trocar
(Photograph-1). Two other ports were created at suprapubic
(10 mm) and (Photograph 3) right iliac fossa (5 mm)
following trans-illumination of abdominal wall. The surgeon
was on the left side of the patient with the first assistant on
his right and instrumentation table on lower right side of the
patient, while monitor was put on the upper right side of the
patient. The operation was performed with five permanent
instruments: grasping forceps, curved dissecting forceps,
scissors, knot-pusher and specimen retriever. The general
anaesthesia protocol remained same for all patients.
Both Group A and Group B patients received
intraperitoneal 40 mL of solution (Drug (Photograph
8)/placebo) prepared by anaesthetist under aseptic
precautions, 20 mL of which was instilled into the subdiaphragmatic space (Photograph 4) and remaining 20 mL
was instilled in right iliac fossa over the appendicular stump
and raw area (Photograph 5, 6) under direct vision by the
surgeon just before removal of trocars.
The instillation was done using metallic suction cannula
keeping its knob at irrigation point and syringe nozzle
attached to the inlet, while keeping suction outlet closed and
secured ensuring no spillage or loss of drug (Photograph 7)
Postoperatively, patients were shifted to recovery room,
observations were made about outcome variable that is pain
requirement of analgesia and complications and recorded by
the surgeon, starting immediately after extubation. Both
patient and surgeon/assistant were blinded and anaesthetist
loaded drug or normal saline according to random table chart
and gave it to the surgeon for instillation.
Pain was assessed using Visual Analogue Score (VAS)
ranging from 0 to 10. Visual analogue scale was explained to
the patient during pre-operative visit considering 0 as no
pain and 10 as maximum pain point. The VAS score ≤4 was
regarded as satisfactory, whereas patients reporting VAS
score of >4 were administered for rescue analgesia with
injection Diclofenac sodium 75 mg intramuscularly as a
rescue analgesic. Postoperative pain was monitored in terms
of VAS scores by the surgeon at 0 minute, 15 minutes, 30
minutes, 60 minutes, 6 hours, 12 hours and 24 hours. Rescue
analgesic requirement with 75 mg Diclofenac Sodium was
noted immediately postoperative, 15 minutes, 30 minutes, 60
minutes, 6 hours, 12 hours and 24 hours. Incidence of
following adverse effects was noted by the surgeon
immediately postoperative and at 4, 8, 16 and 24 hour
intervals for Nausea, Vomiting, Shoulder pain and Itching.
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Statistical Analysis
The data was entered into the Microsoft Excel Spreadsheet.
The data was analysed using SPSS statistical software version
20.0. The categorical data was expressed as rates, ratios and
percentages and comparison was done using Fisher’s exact
test and chi-square test.
Continuous data was expressed as mean±standard
deviation and the comparison was done using independent
sample ‘t’ test. A probability (‘p’ value) of less than or equal to
0.05 at 95% confidence interval was considered as
statistically significant.
RESULTS
A total of 60 patients undergoing elective laparoscopic
appendectomy were divided into two groups of 30 each to as
group A and B to receive either intraperitoneal tramadol 150
mg (Diluted in 40 mL of normal saline) or 40 mL of
intraperitoneal normal saline.
In the present study, 53.33% of the patients in group A
were males compared to 46.67% in group B. The male-tofemale ratio in group A was 1.14:1 compared to 1:1.14 in
group B. However, the difference was statistically not
significant (p=0.606). Most of the patients were aged ≤30
years that is 80% in group A and 60% in group B, but the
difference was statistically not significant (p=0.295); 40% of
the patients in group A presented with fever compared to
46.67% of the patients in group B (p=0.602). All the patients
(100%) in group A and B presented with abdominal pain
(p=1.000); 53.33% of the patients in group A reported
vomiting compared to 56.67% in group B. However, this
difference was statistically not significant (p=0.795); 6.67%
of the patients in group A reported loose stools, while in
group B loose stools was noted among 16.67% (p=0.212).
RIF tenderness was noted among all the patients
(100%) in group A and B (p=1.000); 16.67% of the patients
each had rebound tenderness (p=1.000); 20% of the patients
in group A had guarding compared to 43.33% of the patients
in group B. However, this difference was statistically not
significant (p=0.052); 56.67% of the patients in group A had
ASA I status compared to 46.67% in group B. However, this
difference was statistically not significant (p=0.438). Table 1
shows the comparison of mean pulse rate, systolic and
diastolic blood pressure, temperature and respiratory rate.
However, the vital status of the patients in group A and B did
not vary significantly (p>0.050).
The mean VAS scores at beginning were significantly
low in group A (1.53±0.94) compared to group B (2.93±1.17)
and similar trend was noted at all the durations through the
postoperative period (p<0.001) (Table 2). Most of the
patients in group A did not request for the postoperative
analgesia (56.67%) compared to 6.67% in group B. This
difference was statistically significant (p=0.011) (Table 3). In
the present study among the patients with group A,
significantly lower number of mean doses was administered
(0.57±0.82 vs. 2.20±0.92; p<0.001) compared to group B.
The frequency of postoperative rescue analgesia was
comparable in group A (3.33%) compared to B (10%) at
beginning (p=0.306). Further the frequency of requirement of
rescue analgesia was significantly low in group A at 15
minutes (6.67% vs. 33.33%; p=0.010), 30 minutes (6.67% vs.
36.67%; p=0.005), 6 hours (13.33% vs. 70%; p<0.001) and
12 hours (20% vs. 46.67%; p=0.028) compared to group B.
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However, at 60 minutes and 24 hours, the VAS scores were
comparable in group A and B (p>0.050) (Table 4). Adverse
events were noted in 23.33% of the patients with group A
compared to 10% in group B. However, this difference was
statistically not significant (p=0.166) (Graph 1).
Among the patients with group A, the frequency of
nausea at beginning was 13.33% and at four hours it was
noted in 6.67% of the patients. In group B, 3.33% and 6.67%

of the patients had nausea at beginning and at four hours. At
24 hour interval, 3.33% of the patients in group B reported
shoulder pain. However, the frequency of adverse events was
comparable in group A and B. (Table 5) The mean hospital
stay in group A was significantly low (3.90±0.76 days)
compared to group B (4.47±1.01 days) (p=0.017).

Group A (n=30)
Mean
SD
96.27
7.50
120.60
8.00
74.67
5.57
100.25
0.78
16.77
2.82
Table 1: Comparison of Vitals

Parameters
Pulse rate (/Minute)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Temperature (0F)
Respiratory rate (/Min)

Group B (n=30)
Mean
SD
96.53
7.10
124.27
10.75
74.53
12.26
100.34
0.88
17.07
2.12

Group A (n=30)
Group B (n=30)
Mean
SD
Mean
SD
1.53
0.94
2.93
1.17
2.20
1.13
3.67
1.30
1.97
1.27
3.87
2.03
2.10
0.84
3.37
1.13
2.07
1.57
4.37
1.27
2.27
1.44
3.97
1.27
1.23
1.07
2.37
1.16
Table 2: Comparison of Mean Pain Scores

Interval
Beginning
15 minutes
30 minutes
60 minutes
Six hours
12 hours
24 hours

Number of Doses
0
1
2
3
4
Total

Group A (n=30)
No.
%
17
56.67
11
36.67
0
0.00
2
6.67
0
0.00
30
100.00
Table 3: Overall Requirement of Analgesia

P value
0.888
0.140
0.957
0.667
0.643

P value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Group B (n=30)
No.
2
3
13
11
1
30

%
6.67
10.00
43.33
36.67
3.33
100.00

p = 0.011
Interval
Beginning
15 min.
30 min.
60 min.
6 hours
12 hours
24 hours

Group A (n=30)
Group B (n=30)
No.
%
No.
%
Yes
1
3.33
3
10.00
No
29
96.67
27
90.00
Total
30
100.00
30
100.00
Yes
2
6.67
10
33.33
No
28
93.33
20
66.67
Total
30
100.00
30
100.00
Yes
2
6.67
11
36.67
No
28
93.33
19
63.33
Total
30
100.00
30
100.00
Yes
0
0.00
4
13.33
No
30
100.00
26
86.67
Total
30
100.00
30
100.00
Yes
4
13.33
21
70.00
No
26
86.67
9
30.00
Total
30
100.00
30
100.00
Yes
6
20.00
14
46.67
No
24
80.00
16
53.33
Total
30
100.00
30
100.00
Yes
2
6.67
3
10.00
No
28
93.33
27
90.00
Total
30
100.00
30
100.00
Table 4: Postoperative Requirement of Rescue Analgesia at Different Intervals
Requirement
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24 hours
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Group A (n=30)
Group B (n=30)
No.
%
No.
%
Nausea
4
13.33
1
3.33
Absent
26
86.67
29
96.67
Total
30
100.00
30
100.00
Nausea
2
6.67
2
6.67
Absent
28
93.33
28
93.33
Total
30
100.00
30
100.00
Nausea
0
0.00
0
0.00
Absent
30
100.00
30
100.00
Total
30
100.00
30
100.00
Nausea
0
0.00
0
0.00
Absent
30
100.00
30
100.00
Total
30
100.00
30
100.00
Shoulder pain
0
0.00
1
3.33
Absent
30
100.00
29
96.67
Total
30
100.00
30
100.00
Table 5: Adverse Events at Different Intervals

Adverse Events

P value
0.177
0.694
-

0.500

p = 0.166

Photograph 3: Insertion of Suprapubic
Port under Vision

Photograph 1: 10 mm Permanent Metallic Trocar

Photograph 2: Creating Pneumoperitoneum using
Veress Needle

Photograph 4: Instillation of Solution in Right
Sub-Diaphragmatic Space
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Photograph 5: Instillation of Drug over the
Appendicular Stump

Photograph 6: Instillation of Drug over
Raw Area/Appendicular Stump

Photograph 7: Metallic Suction Cannula Adjusted for the
Instillation of Drug

Photograph 8: One Ampule of Tramadol
Hydrochloride used in the Study
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DISCUSSION
In the present study, the sex distribution was comparable in
group A and group B as 53.33% in group A and 46.67% in
group B were males. The male-to-female ratio in group A was
1.14:1 compared to 1:1.14 in group B (p=0.606). In this study
the commonest age group was ≤30 years, that is 80% in
group A and 60% in group B (p=0.295). The mean age in
group A (26.13±9.96 years) and group B (31.43±14.81 years)
were also comparable (p=0.110). These findings suggest that
the demographic profile of the study population was
comparable in both the groups.
In this study the clinical signs and symptoms including
fever (p=0.602), abdominal pain (p=1.000), vomiting
(p=0.795), loose stools (p=0.212), RIF tenderness (p=1.000),
rebound tenderness (p=1.000) and guarding (p=0.052) were
comparable in group A and B. With regard to anaesthetic
characteristics, ASA status was also comparable in group A
and B (p=0.438). The clinical examination findings including
mean pulse rate, systolic and diastolic blood pressure,
temperature and respiratory rate do not vary significantly in
patients with group A and B (p>0.050).
In the present study at beginning, the mean VAS score in
group A was 1.53±0.94 which increased to 2.20±1.13 at 15minute interval and remained stable in same range at 30
minutes (1.97±1.27), 60 minutes (2.10±0.84), 6 hours
(2.07±1.57), 12 hours (2.27±1.44) and decreased to
1.23±1.07. In group B the mean VAS scores at beginning were
2.93±1.17, which increased to 3.67±1.30 at 15 minutes and
peaked at 6 hours with mean VAS score of 4.37±1.27 and
reduced to 3.97±1.27 at 12 hours. The lowest mean VAS score
in group B were noted at 24-hour duration (2.37±1.16).
Further, during all the intervals the pain scores in group A
remained significantly low compared to group B. These
findings suggested that intraperitoneal instillation of 150 mg
tramadol diluted in 40 mL of normal saline offers significant
pain relief throughout the postoperative period up to 24
hours with minimum variation compared to normal saline.
The effective pain relief observed in group A was reflected by
lower consumption of rescue analgesia.
In the present study among the patients in group A,
more than half of the study population (56.67%) did not
request for postoperative analgesia, while 36.67% of the
patients required one dose and only 6.67% of the patients
requested for three doses of rescue analgesia. Whereas, in
group B maximum patients that is 43.33% required two
doses, 36.67% required three doses, 10% required one dose
and only 6.67% of the patients did not require rescue
analgesia. In patients with group A, requirement of rescue
analgesia was significantly low at 15 minutes (6.67% vs.
33.33%; p=0.010), 30 minutes (6.67% vs. 36.67%; p=0.005) 6
hours (13.33% vs. 70%; p<0.001) and 12 hours (20% vs.
46.67%; p=0.010) compared to group B. However, immediate
postoperatively (3.33% vs. 10%; p=0.306) at 60 minutes
(None vs. 13.33%; p=0.056) and 24 hours (6.67% vs. 10%;
p=0.500), the requirement of rescue analgesia did vary
significantly.
Also the mean number doses in group A was
significantly low compared to group B (0.57±0.82 vs.
2.20±0.92; p<0.001). The findings show that intraperitoneal
instillation of 150 mg tramadol diluted in 40 mL of normal
saline offers not only effective pain relief, but also results in
reduction of consumption in rescue analgesia.
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Hence, avoiding discomfort and adverse effects related
to repeated intramuscular/intravenous analgesic administration. The frequency of adverse events in group A was
slightly high compared to group B, but difference was
statistically not significant (23.33% vs. 10%; p=0.166).
Among the patients with group A, the frequency of nausea
and shoulder pain was comparable at all the intervals
(p>0.050). The occurrence of nausea has been observed in
early postoperative period in both groups and might be a
result of routine side effect of general anaesthesia. These
findings suggest that intraperitoneal instillation of 150 mg
Tramadol diluted in 40 mL of normal saline is well tolerated
and does not cause significant side effects. Furthermore, the
mean hospital stay in group A was significantly low compared
to group B (3.90±0.76 vs. 4.47±1.01 days; p=0.017). This may
be probably due to the better pain relief and early
resumption of routine activities by the patient.
Overall, these findings suggest that intraperitoneal
instillation of 150 mg Tramadol diluted in 40 mL of normal
saline is well tolerated, offers excellent pain relief, reduces
the consumption of rescue analgesia and shortens duration of
hospital stay. However, we do not have adequate data to
compare these findings due to scanty literature available.
Nevertheless, these beneficial effects observed in the present
study can be explained by several mechanisms.
Tramadol is a synthetic 4-phenyl-piperidine analogue of
codeine. It has an affinity for µ-opioid receptors and inhibits
the neuronal reuptake of serotonin and norepinephrine. It is
a very weak μ-opioid receptor agonist and its analgesic action
depends mainly upon generation of active metabolite (+)-Odesmethyl-tramadol (M1). It also has local anaesthetic
properties and local administration of tramadol has been
found to be an effective analgesic.20
Studies have shown adequate absorption of Tramadol
from various fibrovascular surfaces of body, achieving
adequate blood levels.22
Tramadol provides analgesia by opioid and non-opioid
mechanisms. Opioid mechanism involves direct binding to µopioid receptors by parent compound and its active
metabolites and non-opioid mechanism (Which is local
action) involves increase in synaptic levels of two
neurotransmitters that is serotonin and norepinephrine. The
effect of the non-opioid component of tramadol is through α2-agonistic and serotoninergic activities, by inhibiting the reuptake of norepinephrine and 5-hydroxytryptamine
(Serotonin) and most likely by displacing stored 5hydroxytryptamine from nerve endings. The monoaminergic
activity of Tramadol enhances the inhibitory activity of the
descending pain pathways resulting in a suppression of
nociceptive transmission at the spinal cord level. Tramadol
also exerts its sensory blocking action just like a local
anaesthetic by blocking the voltage dependent sodium
channels and this is the idea exploited behind instillation of
tramadol at raw surface/appendicular stump and in subdiaphragmatic space in this study.
Because of its both central and local action, the use of
tramadol in this study arises with a thought that it may
provide better postoperative pain relief as compared to other
drugs having single mechanism of analgesia (Example
Bupivacaine and NSAIDS). Most of the previous studies have
shown local anaesthetic along with opioids can provide pain
relief postoperatively when instilled intraperitoneally, but
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only scant literature is available on administration of
tramadol alone intraperitoneally for postoperative pain relief.
Golubovic S et al23 in 2007 found that intraperitoneal
administration of tramadol had valuable implication in
reducing VAS score/pain in patients undergoing laparoscopic
cholecystectomy.
Another study by Golubonic S. et al24 (2009) who used
50 mL of saline containing 100 mg of tramadol instilled in
peritoneal cavity in laparoscopic cholecystectomy and
showed significant reduction in VAS in tramadol group as
compared to control (Saline) group at 30 minutes, 1 hour, 2
hours, 4 hours and 6 hours. Mean pain scores in control
group were high as compared to tramadol group at all time
intervals in first 24 hours.
However, the findings of this study as well as the other
studies were contradicted by Akinci et al in 2008.25 who
showed that pain scores in control group were less as
compared to intraperitoneal tramadol group in first 24 hours
postoperatively, but the findings were statistically not
significant except at 15 minutes. These findings may be
attributed to small sample size of study group in a study by
Akinci et al18 (n=20 in each group).
Another study done by Hernandes–Pazon et al26
showed that intraperitoneal administration of local
anaesthetic in combination with an opioid reduced the
analgesic requirements during first 6 postoperative hours.
Golubovic et al24 in his study concluded that
intraperitoneal administration of tramadol and/or
bupivacaine is an effective method of management of postoperative pain after laparoscopic cholecystectomy.
Another study by Akinsi et al25 concluded that
intravenous tramadol provides superior postoperative pain
relief as compared to intraperitoneal administration.
Furthermore, the intraperitoneal local anaesthetics are
found to be very effective for the relieving postoperative
pain.27 This non-invasive method has a minimum risk and it
can be easily applied. A similar study.28 in PGIMER,
Chandigarh, India, on 40 ASA I and II patients of either sex,
undergoing laparoscopic cholecystectomy under general
anaesthesia in a double blind, randomized controlled manner
divided the patients into two groups to receive 20 mL of
normal saline intraperitoneally (Group 1) or 20 mL of 0.5%
bupivacaine with 1:200,000 adrenaline (Group 2) instilled at
the end of surgery in the trendelenburg position.
Postoperatively, the patients were assessed for pain scores at
1, 4, 8, 12 and 24 hours. The VAS was significantly higher in
group 1 compared to group 2 at 1st, 4th and 8th
postoperative hour (P<0.001; p<0.05). Authors concluded
that intraperitoneal instillation of bupivacaine causes good
pain relief after laparoscopic cholecystectomy.
The longer duration of sustained pain relief in this study
in Group A as compared to many other study results of
Tramadol in literature, might be attributed to the higher dose
of Tramadol used (150 mg).
With the expanding role of ambulatory surgery, the
need to facilitate an earlier discharge, improving
postoperative discomfort related to pain due to surgery and
repeated intramuscular/intravenous analgesia has become
an increasingly important issue. The present study showed
that single time intraperitoneal instillation of 150 mg
tramadol diluted in 40 mL of normal saline offers excellent
pain relief and minimal discomfort and adverse
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effects/complications as compared to those with repeated
intravenous/intramuscular analgesia like thrombophlebitis,
injection site pain, abscess formation, etc. Hence, reducing
need for hospital stay just for analgesia postoperatively while
patient is fit to resume routine activities. However, large
multicentric studies are required to confirm these findings.
CONCLUSION
Overall, intraperitoneal instillation of tramadol offers
effective postoperative visceral pain relief in laparoscopic
appendectomy, while this effect on shoulder pain remains
insignificant and needs further evaluation. Further, the
incidence of adverse effects like nausea, vomiting, itching and
shivering is well acceptable.
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ABSTRACT
BACKGROUND
The study of dermatological manifestations in Human Immunodeficiency Virus (HIV) infected individuals/Acquired ImmunoDeficiency Syndrome patients is important in view of increasing morbidity and mortality associated with HIV/AIDS in the Indian
scenario. This study was undertaken to observe the prevalence of various manifestations of HIV on the mucous membrane, skin
and its appendages among HIV/AIDS patients attending the Skin OPD in KLE’s Dr. Prabhakar Kore Hospital and MRC, Belgaum and
to correlate these dermatological manifestations with their CD4 counts.
MATERIALS AND METHODS
HIV/AIDS patients attending skin OPD at KLE’s Dr. Prabhakar Kore Hospital and MRC, Belgaum, with symptoms and signs of
dermatological disease during the period from January 2015 to December 2015 were included. A short questionnaire recording
their particulars and a detailed dermatological evaluation of the patient was done. Relevant investigations along with CD4 counts
were done in all the cases.
RESULTS
Present study comprised of 126 HIV patients. Maximum number (42.85%) of patients belonged to the 26-35 years’ age group.
Male-to-female ratio for the HIV reactive was 2.6:1. Sexual route (77.77%) was the commonest probable route of transmission in
the patients. Total of 69 patients (54.76%) out of 126 presented with cutaneous manifestations. Xerosis (46.03%) was the
commonest manifestation. Commonest infectious manifestation was oral candidiasis (24 patients, 19.04%). Nail disorders were
seen in 27 patients (21.42%). Commonest nail manifestation seen was Onychomycosis (9.52%). Hair disorders were seen in the 55
(43.65%) patients. Dry lustreless hair (41.26%) was the commonest finding. In present study, 34 (26.98%) patients were having
STIs. Maximum numbers of cases of Herpes genitalis (5.55%) were seen. In present study 68 patients (53.90%) were in range of
CD4+ count of 200-500 followed by 31 patients (24.60%) having CD4+ count less than 200, while 27 patients (21.42%) were found
having CD4+ count more than 500.
CONCLUSION
HIV/AIDS cases are now increasingly being found in dermatological practice. Atypical forms of diseases and manifestations like
Herpes zoster, oral candidiasis, Molluscum contagiosum, Kaposi’s sarcoma, Oral Hairy Leucoplakia should prompt for HIV/AIDS
test of the patient, as they indicate low immunity of the patient. CD4+ count is an effective indicator to assess the immune status of
the patient.
KEYWORDS
Acquired Immuno-Deficiency Syndrome; Human Immuno-Deficiency Virus; CD4+ Count.
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INTRODUCTION
In many patients, mucocutaneous diseases are amongst one
of the first recognised clinical manifestations of HIV/AIDS.
Over the past decade, it has become increasingly clear that
the cutaneous disorders are associated not only with terminal
stages of immunodeficiency, but also occur throughout the
course of HIV infection.1 Dermatological disease appears to
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occur more frequently as the degree of immunodeficiency
worsens, disrupting the normal physical barriers of the skin. 2
In developed countries CD4+ lymphocyte count, detection of
viral specific RNA and viral culture are used for the
assessment of the HIV disease. But in developing countries
lack of facilities and great cost involved in getting either CD4+
count or the viral load done, even if they are available
necessitates a greater dependence on clinical markers.3 This
study was done to observe the cutaneous manifestations in
HIV and their correlation to CD4 counts.
MATERIALS AND METHODS
Present study comprised of 126 HIV patients, who attended
the Dermatology and STD Department of KLE’s Dr. Prabhakar
Kore Hospital, Belgaum, between January 2015 and
December 2015. Patients who were on anti-retroviral drugs
at the time of presentation were not included. A detailed
history of all patients was recorded as per the proforma.
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Clinical examination was carried out in detail, in natural light
and was recorded. It included the examination of any lesion
on the skin and mucous membrane from head to toe at the
time of presentation. Examination of the genital areas and
skin appendages was also carried out and recorded.
Investigations like routine blood and urine investigations
were done in all cases and recorded. HIV infection was
confirmed as per NACO guidelines after written consent of
the patient. Patients were subjected for CD4+ lymphocyte cell
count (cells/mm3) irrespective of their clinical picture or
stage of the disease. AIDS was diagnosed according to the
AIDS defining condition and CD4+ lymphocyte count. Test for
Australian antigen, Mantoux test, VDRL, histopathological
examination and blood, urine, stool, pus cultures were done
as and when required.

Sr.
No.
1.
2.
3.
4.
5.
6.

RESULTS
A total of 126 HIV-positive patients were enrolled in the
study. Maximum number (42.85%) of patients belonged to
the 26-35 years’ age group. Male-to-female ratio was 2.6:1. In
present study, sexual route (77.77%) was the commonest
probable route of transmission. Total of 69 patients (54.76%)
out of 126 presented with cutaneous manifestations.
The mucocutaneous manifestations are classified into
infectious (Table 1), non-infectious manifestations (Table 2),
nail (Table 3) and hair manifestations (Table 4) and sexually
transmitted infections (Table 5).
Commonest infectious manifestation was oral candidiasis
(24 patients, 19.04%). The commonest morphological pattern
noticed was pseudomembranous type in 13 patients
(54.16%, n=24) followed by atrophic type in 8 (33.33%),
angular cheilitis in 2 (08.33%) and hyperplastic in one
patient (04.16%). Xerosis (46.03%) was the commonest noninfectious manifestation. Nail disorders were seen in 27
patients (21.42%). Commonest nail manifestation seen was
Onychomycosis (9.52%). Hair disorders were seen in the 55
(43.65%) patients. Dry lustreless hair (41.26%) was the
commonest finding. In present study, 34 (26.98%) patients
were having STIs. Maximum number of cases of Herpes
genitalis (5.55%) were seen.
In present study 68 patients (53.90%) were in range of
CD4+ count of 200-500 followed by 31 patients (24.60%)
having CD4+ count less than 200, while 27 patients (21.42%)
were found having CD4+ count more than 500 (Table 6).
More than 90% patients had multiple manifestations.
Herpes zoster, oral candidiasis, xerosis, intractable itching,
dry lustreless hair were seen as the most commonly
occurring manifestations (Table 7).
Cutaneous
No. of
Sr. No.
%
Manifestations
Pts.
1.
Oral candidiasis
24
19.04
2.
Herpes Zoster
21
16.66
Superficial
3.
15
11.90
Dermatophytosis
4.
Onychomycosis
12
09.52
5.
Pyodermas
11
08.73
6.
Extragenital MC
6
04.76
7.
Extragenital Warts
4
03.17
8.
Herpes Simplex
3
02.38
9.
Cryptococcosis
1
00.79
10.
Oral Hairy Leucoplakia
1
00.79
Table 1: Infectious Manifestations

Sr.
No.
1.
2.
3.
4.

7.
8.
9.
10.
11.

No. of
Pts.
58
41
9
2
3
3

Cutaneous Manifestations

Xerosis
Intractable Itching
Hyperpigmentation
Lichenoid Eruption
Insect Bite Reactions
Recurrent Aphthous Ulcers
Drug Reaction
3
Steven-Johnson Syndrome
Seborrhoeic Dermatitis
3
Pruritic Papules of HIV
1
Kaposi’s Sarcoma
1
Ichthyosis
1
Table 2: Non-Infectious Manifestations

Sr.
No.
1.
2.
3.
4.
5.

Sr.
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Range
No.
%

Nail Changes

No. of Pts.

Onychomycosis
12
Nail discolouration
10
Nail Dystrophy
4
Paronychia
4
Table 3: Nail Manifestations

Hair Changes

No. of Pts.

Dry Lustreless Hair
52
Diffuse Alopecia
09
Premature Graying
06
Straightening
03
Trichomegaly
03
Table 4: Hair Manifestations

Sexually Transmitted
Infections (STI)

No.
of
Pts.
07
05
04

%
(n=126)

Herpes Genitalis
05.55
Genital MC
03.96
Genital Warts
03.17
Candidal
03
02.38
Balanoposthitis
Scabies
02
01.58
Syphilis
02
01.58
Chancroid
02
01.58
Gonorrhoea
02
01.58
LGV
01
00.79
Vaginal Candidiasis
01
000.79
Mixed
5
03.96
Table 5: Sexually Transmitted Infections

CD4+ COUNT
>500
200-500
<200
27
68
31
21.42
53.90
24.60
Table 6: Details of CD4 Count
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%
46.03
32.53
07.14
1.58
02.38
02.38
02.38
02.38
00.79
00.79
00.79

%
09.52
07.92
03.17
03.17

%
41.26
7.14
7.14
4.76
02.38

%
(n=34)
20.58
14.70
11.76
08.82
05.88
05.88
05.88
05.88
02.94
02.94
14.70

Total
126
100%
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CD 4+ COUNTS OF PATIENT (cells/mm3).

CUTANEOUS
MANIFESTATIONS
I
N
F
E
C
T
I
O
U
S
N
O
N
I
N
F
E
CT
IO
US

S
T
I
H
A
I
R
N
A
I
L

>500
Oral
Candidiasis
Herpes
Zoster

200-500

<200

Mean
CD 4+

n

2
(8.3%)
1
(4.76%)
1
(6.66%)
0
(0%)
0
(0%)
3
(27.27%)
13
(22.41%)
2
(22.22%)
0
(0%)

6
(25%)
2
(9.56%)
5
(33.33%)
0
(0%)
1
(16.66%)
6
(54.54%)
21
(36.20%)
3
(33.33%)
1
(33.33%)

16
(66.7%)
18
(85.7%)
9
(60.00%)
3
(100.00%)
5
(83.33%)
2
(18.18%)
24
(41.37%)
04
(44.44%)
2
(66.66%)

Recurrent Aphthous Ulcers

0
(0%)

1
(33.33%)

2
(66.66%)

Seborrheic
Dermatitis

1
(33.33%)

1
(33.33%)

1
(33.33%)

03

300.33

Herpes
Genitalis

0
(0%)

1
(14.29%)

6
(85.71%)

07

108.14

05

78.80

04

133

03

276

52

349.90

09

241.60

12

240.91

10

323

Superficial Dermatophytosis
Herpes Simplex
Extragenital
MC
Pyoderma
Xerosis
Hyper pigmentation
Drug Reactions

0
0
05
(0%)
(0%)
(100.00%)
0
1
3
Genital Warts
(0%)
(25.00%)
(75.00%)
1
1
1
Candidal Balanoposthitis
(33.00%)
(33.00%)
(33.00%)
12
19
21
Dry Lusterless Hair
(23.07%)
(36.53%)
(40.38%)
1
3
5
Diffuse Alopecia
(11.11)
(33.33%)
(55.55%)
1
3
8
Onychomycosis
(8.33%)
(25%)
(66.66%)
3
4
3
Nail Discolouration
(30%)
(40%)
(30%)
Table 7: Cutaneous Manifestations and CD4 Counts
Genital MC

Condyloma Lata

24

258.33

21

192

15

315.9

3

133.33

6

101

11

384.63

58

337.84

09

338.88

03

95.3

03

250

Cutaneous Cryptococcosis
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Diffuse Thinning of Hair

Gonococcal Urethritis

Genital Molluscum Contagiosum

Genital Warts

Giant Molluscum Contagiosum
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Proximal Subungual Onychomycosis

Kaposi’s Sarcoma involving Orbit

Oral Candidiasis

Oral Hairy Leukoplakia

Oral Lesions in Kaposi Sarcoma

DISCUSSION
HIV infection/AIDS results in various mucocutaneous
manifestations, which may be due to HIV infection itself due
to decreasing immunity or due to various opportunistic
infections.
In current study maximum number of patients belonged
to the young age group 26-45 years (76.18%), similar was
found by Nair SP et al4 where 77.67% patients belonged to 21
to 40 years’ age group. Similar was also found by Harish MR
et al,5 Criton S et al,6 Ganesh P et al,7 Murugesh et al8 and
Swamiappan M et al,9 where maximum numbers of patients
were between similar age group. This age group is most
susceptible may be because of it being sexually most active
age group and also half of India’s population lies within this
group. Male-to-female ratio in HIV reactive patients in the
present study was 2.6:1, (M=91, F=35). Comparable with the
study of Nair SP et al,4 where M/F ratio was 2.3:1, (M=82,
F=36).
In present study, 104 (82.53%) patients gave H/O of
sexual exposure. Findings are in accordance to National
average of 85.34% (as per NACO10 data) and also to study of
Nair et al4 78.50% and Murugesh et al8 78%; 8 patients gave
h/o blood transfusion out of which 2 gave h/o only blood
transfusion and did not have h/o sexual exposure and
remaining 6 patients had h/o both blood transfusion and h/o
sexual exposure; 3 patients had h/o vertical transmission.
Only one patient was recorded with h/o IDU. High HIV
prevalence among the IDU was observed along the national
highway linking India and Myanmar11 and in North Eastern
states like Manipur, neighbouring the Golden triangle.3
Total of 69 patients (54.76%) in the present study were
having one or the other mucocutaneous manifestations of
HIV/AIDS cutaneous manifestations were present in 57% of
patients in a study by Nair et al,4 66.4% in study done by
Swamiappan M et al9 and more than 50% in a study by
Ganesh Pai,7 while cutaneous manifestations were found in
92% patients in a study by Murugesh et al,8 100% patients of
HIV/AIDS in a study by Criton S et al.6
In present study, xerosis was the commonest finding seen
in 46.03% followed by intractable itching in 41% cases.
Findings are in accordance with Ganesh Pai,7 where xerosis
was noted in 50% patients and pruritus was noted in 37.50%
patients.
Oral candidiasis precedes most other opportunistic
infection.3 The most common pattern of oral thrush in
HIV/AIDS patients is the pseudomembranous type.3 Oral
candidiasis was seen in 19.04% patients in the present study.
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Pseudomembranous type (54.16%) was the most common
pattern followed by atrophic type (33.33%). The incidence of
oral candidiasis in the present study is similar to the
incidence reported in study by Raja B et al12 which was 9%
and Swamiappan M et al9 which was 19.3%. While 40.6% and
45% cases respectively have been reported in studies by
Ganesh Pai7 and Kumarasamy et al.13 The large variation in
the incidence may be due to various factors like malnutrition,
poverty, oral hygiene, trauma due to sharp tooth, tobacco
chewing which vary in different groups included in various
studies.
Pigmentation, half and half nail, clubbing, onychomycosis,
paronychia, yellow nail syndrome are seen in patients of
HIV/AIDS.11,14 In present study, Onychomycosis was the
commonest manifestation seen (9.52%) followed by Nail
discolouration (7.92%) and Nail dystrophy (3.17%). Mean
CD4+ count of onychomycosis was 240.91, out of 12 patients
66.66% of patients had CD4+ count below 200.
Lustreless hair, thin hair, various types of alopecia,
discoloration of hair, graying of hair, long eye lashes are
found in HIV/AIDS patients.11 In present study, dry lustreless
hair was the commonest manifestation seen (41.26%)
followed by diffuse hair loss (07.14%) and graying of hair
(04.76%). Lustreless hair could be a secondary change
attributable to the nutritional status of the patients. Low
hygiene status could also be one of the contributory factors
for dry lustreless hairs. Trichomegaly (long eye lashes) was
seen in 2.38% of patients in present study. Mean CD4+ count
of dry lustreless hair was 349.90 and for diffuse hair loss was
241.60.
In present study STI was seen in 34 (26.98%) patients,
out of them Herpes genitalis was seen in 7 patients (20.58%
when n=34) and other 3 patients had H. genitalis along with
other STIs. In advanced HIV disease, the lesions of herpes
genitalis are atypical, large, painful and deep with raised
margin which was seen in two patients in present study.
Genital MC was seen in 14.70% and genital warts were
seen in 11.76% patients in present study. Incidence of
syphilis is decreasing after the advent of antibiotics and also
because of their liberal use by the medical practitioners.
Syphilis in present study was seen in 2 patients (5.88% when
n=34). Only 2 (5.88%) male patients in present study were
having gonococcal urethritis. In females, HIV patients may
also present with vaginal candidiasis due to HIV related
immunosuppression and frequent use of broad-spectrum
antibiotics administered for prophylactic and therapeutic
usage.3 It was seen in 02.94% patients in present study.
In present study in patients of HZ, 85.7% patients had
CD4+ count below 200, while mean CD4+ count was for all
patients of HZ was 192. Ghate et al15 has reported CD4+ count
179, Kumarasamy13 has reported 176, Perez M et al16 has
reported 286 and Jing W et al17 has reported 89.
All 3 patients of H. simplex had CD4+ count was below
200 (mean – 133); 5 out of total 6 patients of M. contagiosum
were having CD4+ count below 200 (mean 101). In present
study, only 1 patient of OHL was found whose CD4+ count
was 40.
Present study shows that viral infection is common with
low CD4+ count. Similar was observed in studies by Jing W et
al17 and Ghate et al15 where they found viral infections with
low mean CD4+ counts.
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In present study out of 24 patients of oral Candidiasis
66.7% patients had CD4+ counts below 200, while 25%
patients had CD4+ counts between 200 to 500; (mean – 258).
Ghate et al15 has reported CD4+ count 151, Kumarasamy13
has reported 196, Perez M et al16 has reported 134 and Jing
W et al17 has reported 53. There is a wide variation in CD4+
count in patient of oral candidiasis in various studies.
Reasons may be that oral candidiasis depends upon various
other factors like malnutrition, poverty, oral hygiene, trauma
due to sharp tooth, tobacco chewing which influence its
occurrence along with low immune status.
Out of 15 patients of superficial dermatophytosis, 9 had
CD4+ count below 200 (mean-316). Candidal balanoposthitis
was observed in 3 patients only and all of them belongs to
wide range of CD4+ counts (less than 200, 200-500, >500,
mean 276). Superficial dermatophytosis infection also
depends upon the various factors like environmental
conditions (humidity), localised trauma (friction) and
personal hygiene/care.
Out of 12 patients of onychomycosis, 8 patients were
found having CD4+ count < 200.
Only 1 patient of Cryptococcosis was found with CD4+
count of 38.
Out of 11 patients of pyoderma 54.54% had CD4+ count
between 200 and 500, 27.27% had above 500 and 18.18%
had CD4+ count below 200. The mean CD4+ count was
384.63. The above findings reflect that viral and fungal skin
manifestations are associated with low CD4+ counts, whereas
bacterial skin infections are not much influenced by
decreasing immunity.
In present study out of 7 patients of H. genitalis, 6
patients were having CD4+ counts less than 200 (mean –
108). Kumarasamy13 has reported CD4+ 196, Perez M et al16
has reported 185 and Jing W et al15 has reported 130. But in
overall, all studies reflect that viral infections whether it is
dermatological or genital low CD4+ count is more commonly
found. All the patients of genital MC (5) were having a CD4+
count below 200 and the mean CD4+ count was 79.
Kumarasamy13 has reported CD4+ 277, Perez M et al16 has
reported 98 and Jing W et al17 has reported 13.
Out of 4 patients of genital warts, 3 had CD4+ counts
below 200 (mean -133). Perez M et al16 has reported 266 and
Jing W et al17 has reported 117.
In present study it has been observed that Hair and Nail
manifestations - dry and lusterless hair, diffuse alopecia, nail
discolouration did not show any direct and specific
relationship with CD4+ counts. May be it is more of subjective
symptoms and related with nutritional status and personal
hygiene and care/medications.
In present study it has also been observed that xerosis,
hyperpigmentation, seborrheic dermatitis, etc. did not show
any direct and specific relationship with CD4+ counts.
Various studies also reported wide variations of CD4+ counts
that is 4417/17916 in xerosis. May be it is more of subjective
symptoms and related with nutritional status and personal
hygiene and care/medications.
All 4 patients who were having maximum number of
cutaneous manifestations, 3 had CD4+ count below 200.
Drug reaction was observed only in 3 patients with mean
CD4+ count of 95 and it has direct relationship with CD4+
count.
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CONCLUSION
HIV/AIDS cases are now increasingly being found in
dermatological practice. All dermatologists should have
adequate and updated knowledge of the various
mucocutaneous manifestations. This would help not only in
diagnosis of HIV/AIDS, but also in further management of the
patients.
Atypical forms of diseases and manifestations like H.
zoster, oral candidiasis, Molluscum contagiosum, Kaposi’s
sarcoma, OHL should prompt for HIV/AIDS test of the patient.
CD4+ count is an effective indicator to assess of the immune
status of the patient. Manifestations like H. zoster, Oral
candidiasis, Molluscum contagiosum indicate low immunity
of the patient and should lead for active search of other
systemic co-infections in the patient.
The epidemiological profile shows that the young
productive age group forms the major part of the HIV/AIDS
patients. This hints towards the burden over the economy of
the country in terms of loss of productive days and
manpower and the money spent on the treatment of the
diseases. Also it shows the need to educate and counsel risk
group regarding HIV/AIDS and other STIs.
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Abstract
The purpose of this study was to examine the results of spinal accessory nerve to suprascapular nerve (with
or without axillary nerve neurotization) and an Oberlin transfer as primary treatment in children with Narakas
type I obstetric brachial plexus injuries, when parents refused to consent to conventional nerve trunk-/rootlevel reconstruction. A total of 20 children with poor shoulder abduction and no biceps antigravity function
but with good hand function were treated with spinal accessory nerve to suprascapular nerve and an Oberlin
transfer at a mean age of 5.8 months (SD 3.27; range 3–12.) All the patients were evaluated at a mean of
2.8 years (SD 0.8; range 1.5 to 3.8) post-operatively. Three patients were lost to follow-up. Of the remainder,
11 had grade 4+ power of elbow flexion and six patients had grade 4 power at 1 year follow-up; all had 4+
power of elbow flexion at final follow-up. At final follow-up the Mallet score was a mean of 15; (SD 4.22,
range 9 to 20). Primary distal nerve transfers can give good outcomes in patients with obstetric brachial
plexus injuries and may be an alternative to surgery on the nerve trunks
Level of evidence: IV
Keywords
Obstetric brachial plexus palsy, spinal accessory nerve to suprascapular nerve and Oberlin’s transfer,
primary surgery
Date received: 9th July 2014; revised: 26th June 2016; accepted: 20th July 2016

Introduction
In patients with obstetric brachial plexus palsies
(OBPI) affecting primarily the upper brachial plexus
(C5, C6), the main priorities are reconstruction of
shoulder function and elbow flexion as patients have
good hand function and elbow extension. It has been
shown that intraplexal repair with or without nerve
grafts gives good results (Birch et al., 2005; Capek
et al., 1998; Gilbert, 1995; Gilbert and Tassin, 1984).
Although extraplexal repair with nerve transfers has
been shown to give good results in adults, there is
considerable debate about primary use of distal
nerve transfers in children (Belzberg et al., 2004).
Following nerve root avulsions, extraplexal nerve
transfers are sometimes the treatment of choice, but
as a rule it is not common.
Various nerves have been used for transfer, particularly in adults but less often in children (Gu et al.,
1989, 1992; Kawabata et al., 2001; Leechavengvongs

et al., 2003; Oberlin et al., 1994; Terzis and Kokkalis,
2008; Tse et al., 2011). Oberlin showed good results
with his transfer and this has been replicated by multiple authors (Chuang, 2005; Leechavengvongs et al.,
1998; Liverneaux et al., 2006; Mackinnon et al., 2005;
Songcharoen et al., 2005; Sungpet et al., 2003; Teboul
et al., 2004). Kawabata et al. used intercostal to
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Table 1. MMRC grading system (Kendall and McCreary, 1993).

No movement

Supported in the
horizontal position

Test position

Function of the muscle

Grade

No contractions felt in the muscle
Tendon becomes prominent or feeble contraction felt in
the muscle, but no visible movement of the part
Moves through partial range of motion
Moves through complete range of motion
Antigravity position
Moves through partial range of motion
Gradual release from test position
Holds test position (no added pressure)
Holds test position against slight pressure
Holds test position against slight to moderate pressure
Holds test position against moderate pressure
Holds test position against moderate to strong pressure
Holds test position against strong pressure

0
T

0
1

0
Trace

1
2
3

2–
2
2+

Poor–
Poor

4
5
6
7
8
9
10

3–
3
3+
4–
4
4+
5

Fair–
Fair
Fair+
Good–
Good
Good+
Normal

We have selected the middle grade column for analysing our data.

musculocutaneous nerve (MCN) transfers and
showed good results for restoration of elbow flexion
(Kawabata et al., 2001).
To our knowledge there are no articles describing
a spinal accessory nerve (SAN) to supra-scapular
nerve (SSN) transfer (with or without axillary nerve
neurotization) and an Oberlin transfer as the primary
treatment of upper trunk OBPI in a baby.
The aim of this study was to evaluate our results of
only distal transfers as a primary treatment for OBPI.

The parents were informed of both options, i.e. a
classical repair involving neuroma excision and nerve
grafts that could entail temporary loss of their existing function and distal transfers without excision of
the neuroma. The parents were clearly informed that
the standard operation is neuroma excision and
repair, but it does result in temporary loss of some
function. Only those patients where the parents
declined neuroma excision and nerve reconstruction
were offered a distal-only nerve reconstruction.

Patients and methods

Surgery

We retrospectively evaluated 20 patients (11 boys, nine
girls) treated between 2000 and 2012. All were unilateral (14 right and six left) Narakas grade I injuries
(Narakas and Hentz, 1988) (C5, 6 and C5, 6 with recovered C7), i.e. with poor shoulder and biceps function,
but good triceps, wrist and hand function. The inclusion criteria were: Narakas Group I babies when the
biceps power was less than Modified Medical Research
Council (MMRC) grade 2+ (Table 1) and there was no
response in the MCN on nerve conduction studies at a
minimum age of 3 months (Kendall and McCreary,
1993; Mendell and Florence, 1990; Medical Research
Council, 1943) (Table 1). The exclusion criteria were:
higher Narakas grades and babies with previous failed
root-/trunk-level repairs.
Pre-operatively 15 babies had MMRC grade 1
shoulder abduction, two had grade 2 and three had
grade 3. None had antigravity biceps function as
noted in Table 2. All patients had good pectoralis
major contraction indicative of good C7 function.
All had elbow extension MMRC grade 3 or above
and good hand function with a minimum Gilbert
Raimondi hand score of IV (eight had grade V and 12
grade IV) (Raimondi, 1993).

We explored the brachial plexus to delineate the injuries: 19 cases had post-ganglionic injuries to C5, 6
with a neuroma in continuity; there was one C5, 6
pre-ganglionic injury, i.e. root avulsion. The exposure
of brachial plexus was performed surgically as per
Thatte et al., (2011).
For restoration of shoulder function, we performed
a transfer of the SAN to the SSN and for elbow function we performed an Oberlin transfer (a single fascicle of the ulnar nerve was connected to the biceps
branch of the musculocutaneous nerve). All the
patients were operated upon by the senior author
(MRT), a level 4 surgeon (Tang and Avanessian, 2015).
Post-operatively, the arm was strapped to the
chest for a month. Then strapping was removed and
physiotherapy begun concentrating on shoulder
abduction and external rotation, hand behind the
head and elbow flexion, encouraging the children to
eat with that hand as in the ‘cookie test of Clarke’
(Clarke, 1995).

Assessment
All assessments were performed by an independent
surgeon (BAG) (level 3 surgeon). We recorded patient
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12
4
7
4
4
9
12
4
3
7
12
3
3
4
4
9

4
3.5
3
3.5

F
F
M
F
M
M
M
M
F
M
F
M
F
F
M
M

F
F
M
M

Vaginal
Vaginal
Vaginal
Vaginal
(documented
shoulder dystocia)
Vaginal
Breech
Vaginal
Vaginal
Breech
Vaginal
Vaginal
Breech
Breech
Vaginal
Vaginal
Breech
Vaginal
Vaginal
Vaginal
Vaginal
2
1
1
1
1
1
2
1
1
1
2
0
0
1
1
1

1
1
0
0

Preoperative
biceps
strength

1
1
1
3
1
1
1
1
2
1
1
2
1
1
1
1

3
3
1
1

Pre-operative
shoulder
abduction
power

Strength as measured with Modified Medical Research Council (MMRC) grading.

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

1
2
3
4

Gender Mode of delivery
Patient Age at
number presentation
in months

3.6
4.2
3 .8
3.7
4.1
3.3
4.5
2.6
3.3
2.1
4.4
3.3
2.1

4.2
2.2
3.5
4.3

Age of patients
at final
assessment
(years)

Table 2. Patients with serial numbers 18, 19 and 20 were lost to follow-up.

2
3.8
2.5
2.8
3.8
2.3
3
1.8
2.9
1.5
3
2.9
1.9

3.8
1.8
2.9
3.9

Final followup after
surgery
(years)

4
4+
4
4+
4+
4
4
4+
4+
4
4
4+
4+

4+
4+
4+
4+

Biceps
power
at
1 year

4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+

4+
4+
4+
4+

Biceps
power
at final
follow-up

3
3
2
4
4
2
2
4
4
2
2
4
4

4
4
4
3

2
3
2
4
3
2
2
4
4
2
2
4
4

4
4
3
3

2
3
2
4
4
2
2
4
4
2
2
4
3

4
4
3
3

2
2
2
4
3
2
1
3
3
2
2
3
2

4
4
3
2

Shoulder Shoulder Hand Hand
to
abduction external to
neck spine
rotation

Mallet score at final follow-up

2
2
2
4
4
2
2
4
4
3
2
4
4

4
4
3
3

Hand
to
mouth

11
13
10
20
18
10
9
19
19
11
10
19
17

20
20
16
14

Total
score
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demographics and the severity of the injury. We
recorded the MMRC for elbow flexion and shoulder
abduction; we could not objectively measure shoulder external rotation in adduction in these infants
pre-operatively. We recorded post-operative elbow
strength at each visit and the Mallet score of shoulder function at the last follow-up.
The assessment was performed the day before
surgery at a mean age of 5.8 months (SD 3.27; range
3 to 12) and post-operatively finally at a mean age of
2.8 years (SD 0.8; range 1.5 to 3.8).

Results
Three of the 20 patients, were lost to follow-up. We
reviewed eight boys and nine girls at final
follow-up.
Shoulder: At final follow-up the Mallet score was a
mean of 15 (SD 4.22; range 9 to 20) (Table 1).
Elbow: The elbow flexion strength at final followup was MMRC 4+ in all patients (Table 1).
Hand: Hand function did not deteriorate postoperatively as far as could be assessed in children
of these ages.
Complications: No major complications were
noted. Three patients had a post-operative superficial wound infection in their neck exploration
wound, which were treated with antibiotics and
dressings; all healed uneventfully.

Discussion
This study was conducted in a tertiary care centre in
India, which caters mainly for children from families
of low socio-economic status. Parents often do not
consent to the classical procedure, i.e. neuroma excision and repair with nerve grafts because of concerns
of loss of function. We report the results of distal
transfer in children as a primary surgery; however, it
is not our procedure of choice.
At final follow-up after transferring the SAN to
SSN for the shoulder, the Mallet score was a mean of
15. Table 3 summarizes the results of other studies in
literature where distal transfers have been done,
these studies are discussed below. Shigematsu et al.
(2006) in a single case of C5, 6 palsy at the age of
8 months and Estrella and Mella (2013) in a case of
C5–7 palsy at 10 months have shown that shoulder
movements improve significantly after SAN transfer
to the SSN. In another series of distal transfers
reported by Ladak et al., (2013) the Active Movement
scale (AMS) for shoulder abduction improved from

3.7 SD 0.6 to 5.0 SD 0. 5, and external rotation
improved from 1.8 SD 0.4 to 4.3 SD 0.6.
In this study, elbow flexion improved up to MMRC
grade 4+ in all 17 cases available for study at final
follow-up. Al-Qattan (2002) reported MRC grade 5
power in his two cases, they presented with C5, 6
palsy at 16 and 18 months with isolated persisting
deficits of elbow flexion and were treated with an
Oberlin’s repair. Shigemitsu et al. (2006) and Estrella
and Mella (2013) each reported MRC grade 5 elbow
flexion in a single patient following an Oberlin transfer, the details of their cases are mentioned above in
the discussion about treating shoulder weakness.
Siqueira et al. (2012) studied 17 infants. Of these, five
had suffered C5, 6 ±C7 avulsion injuries. Four had
had previous nerve surgery in the neck that had failed
and eight were referred untreated at more than a
year old. The distribution of lesions was C5/6 (eight
patients), C5/6/7 (eight) and C5 to T1 (one). A total of
11 patients achieved MRC grade 4 elbow flexion,
three achieved grade 3 and the remaining three grade
2 elbow flexion. Al-Qattan et al. (2014) reported on
ten patients in whom they coapted a median nerve
fascicle to the MCN in patients with OBPI presenting
late, i.e. at 13 to 19 months of age. Seven cases were
C5/6 injuries and three were C5/6/7. On the Toronto
scale of motor assessment, elbow flexion improved
from 0–2 pre-operatively to 6 in one patient and to
7 in eight patients; one patient had no recovery.
Noaman et al. (2004) reported on seven patients
operated at a mean age of 16 months. Two had root
avulsions, one had a neuroma in continuity of the
upper trunk and four did not have exploration of their
neck; they performed Oberlin’s transfer in all. They
reported MRC grade 3 or better in five out of seven
patients at a mean follow-up of 19 months.
Little et al. (2014) reported a series of 31 children;
17 had C5/6 injuries and 14 had C5/6/7 injury. The
indications were an avulsion injury in ten, dissociative
recovery (only shoulder function with no elbow flexion) in 16, late presentation (>12 months) in three
and failed nerve grafting two. They performed either
median or ulnar nerve transfer to the MCN in 26
patients (single Oberlin) and double nerve transfer,
i.e. median and ulnar transfers, in five (double
Oberlin). The mean age at surgery was 8.4 months
and mean follow-up was 35 months. They reported an
AMS score of 6 for elbow flexion in 87% patients.
Ladak et al. (2013) reported a series of ten patients
who had an upper plexus (C5/6) injury treated at 10 to
18 months of age (the nature of the injuries was not
stated); they performed triple nerve transfers of the
SAN to the SSN, either median or ulnar nerve transfer to MCN and a branch of the nerve to triceps to the
axillary nerve. Using the AMS shoulder abduction

Downloaded from jhs.sagepub.com at CORNELL UNIV on August 31, 2016

Downloaded from jhs.sagepub.com at CORNELL UNIV on August 31, 2016

C5, 6 and
total

17

Failed reconstruction, late
presentation or avulsion

Late presentation

Not specified

Avulsion on exploration and no
antigravity biceps at 3 months
Not specified

No elbow and shoulder

Failed cookie test at 9 months

No shoulder abduction or
elbow flexion.
Late presentation, dissociative
recovery, nerve root avulsions;
or failed reconstruction
Absence of antigravity biceps
at 3 months

Late presentation absent
antigravity biceps
Dissociative recovery

Indications of surgery

12.9

16

5.28

14

5.8

10

10–18

5.75

8.4

8

17

16

Mean age at
surgery in months

Oberlin’s
transfer

Oberlin’s and
XI to SSN
Intercostal
nerve to MCN
Intercostal to
MCN
Medial pectoral
nerve to MCN
Median nerve
to MCN

Oberlin’s and
SAN to SSN

Oberlin’s and
SAN to SSN

Oberlin’s and
XI to SSN
Oberlin’s

Oberlin’s

Oberlin’s

Transfers

—

—

—

—

—

Mallet score abduction 3.23
External rotation – 3.05
Internal rotation – 2.58
AMS score
Improvement in:
Abduction – 3.7 SD 0.6 to
5.0 SD 0. 5
External rotation – 1.8 SD
0.4 to 4.3 SD 0.6
MRC 5

Up to 90° shoulder
abduction
—

—

—

Shoulder

82.3% patients had good to
excellent results

Change of elbow flexion from
0–2 to 6–7 on Toronto scale

Elbow flexion against gravity in
94% cases
MRC >3 in 68% cases

31

18

70

48

60

60

24
AMS score improvement 3.7 SD
0.6 pre-operatively to 6.3 SD 0.2
post-operatively

Abduction MRC 4 (0 to 150)
External rotation MRC4 (0 to 30)
MRC >3 in 93% cases

33

35

5

5

19

Mean followup in months

MMRC grading
MMRC grade 4+ in all patients

MRC grading
>M3 in 71% patients
MRC grading
M5 in all patients
MRC grading
M5 in all patients
AMS score>6

Elbow flexion power

AMS: Active movement scale; MCN: musculocutaneous nerve; MMRC: Modified Medical Research Council grading according to Kendall and McCreary (1993); MRC: British medical
research council grading; SAN: spinal accessory nerve; SSN: supra-scapular nerve.
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10

25

C5, 6 and
total
C5, 6

C5, 6, 7

31

1

Estrella and
Mella, 2013
Kawabata
et al., 2001
El-Gammal
et al., 2008)
Blaauw and
Slooff, 2003
Al-Qattan
and AlKharfy, 2014
Siqueira
et al., 2012

C5, 6

C5, 6

10

Ladak et al.,
2013

C5, 6

30

20

C5, 6 and
C5, 6, 7

1

31

C5, 6

2

Type of
injury

C5, 6 and
C5, 6, 7
C5, 6

7

No. of
children

Current
series

Noaman
et al., 2004
Al-Qattan,
2002
Shigematsu
et al., 2006
Little et al.,
2014

Study

Table 3. Comparison of various series involving distal transfers in OBPI.

Ghanghurde et al.
5

6

The Journal of Hand Surgery (Eur)

improved from 3.7 SD 0.6 to 5.0 SD 0.5, shoulder
external rotation from 1.8 SD 0.4 to 4.3 SD 0.6, shoulder flexion from 3.7 SD 0.5 to 5.4 SD 0.5, elbow flexion
from 3.7 SD 0.6 to 6.3 SD 0.2 and forearm supination
from 2.1 SD 0.4 to 5.9 SD 0.2. One-year follow-up data
was available for all ten and 2-year follow-up for
eight patients.
All the above series used distal transfers in children who presented late (typically more than 12
months), had nerve avulsion injuries, had failed primary surgery or who had recovered shoulder function but no elbow flexion (dissociative recovery).
The benefits of our approach is that it is used primarily in children with upper plexus injury who have
obtained some shoulder movement (mostly shoulder
protraction), where parents refuse permission for
neuroma excision and intraplexal repair. Tse et al.
(2015) reported that distal nerve transfers in OBPI
have been found to be effective and useful in specific
clinical circumstances, including late presentation,
isolated functional deficits, failed primary reconstruction and multiple nerve root avulsions. However,
their role as a primary treatment is not yet defined.
They also reported that nerve transfer(s) may lead to
early re-innervation, less co-contraction and more
direct motor nerve re-innervation compared with
nerve grafts.
There are limitations to this study. In some cases,
possibly all the shoulder and biceps recovery may
have been from unexpectedly good recovery through
the upper trunk neuroma. The grading of power in
children is not well defined. In OBPI, various systems
of grading have been used (Curtis et al., 2002; Eng
et al., 1996; Gilbert and Tassin, 1987; Mallet, 1972;
Medical Research Council, 1943). All these grading
systems are subjective. The latest scale is the AMS,
which also has its own shortcomings. This scale is
unable to measure true muscle power; it only gives
partial quantification of muscle strength (Curtis et al.,
2002). All our patients had biceps grade 7 according to
the AMS (Curtis et al., 2002), i.e. they were able to flex
their elbow with resistance to one or two fingers. We
therefore used MMRC grading and graded resistance
to one finger as grade 4 and resistance to 2 fingers as
grade 4+ (Kendall and McCreary, 1993; Mendell and
Florence, 1990). This system of grading is subjective
like any other systems, but examination by a single
author (BAG) hopefully made it more objective.
Ideally there ought to have been a comparative
cohort with intraplexal repairs; longer-term followup is needed to establish the final outcome.
To conclude from our study, we find that SAN to
SSN and Oberlin’s transfer done at an early age could
help in re-innervation of the biceps, supraspinatus
and infraspinatus and obtain a good functional result.
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Abstract
Background: Sevoﬂurane is an inhalational agent of choice in paediatric anaesthesia. For management of airways in children a suitable alternative to ETT is a paediatric proseal laryngeal
mask airway (benchmark second generation SAD). Various studies have shown that less sevoﬂurane concentration is required for LMA insertion in comparison to TI. BIS is a useful monitor of
depth of anaesthesia.
Aims: To compare concentration of sevoﬂurane (end tidal and MAC value) required for proseal
laryngeal mask airway insertion and tracheal intubation in correlation with BIS index.
Method: The prospective randomised single blind study was done in children between 2 and
9 years of ASA I and II and they were randomly allocated to Group P (proseal laryngeal mask
airway insertion) and Group TI (tracheal intubation). No sedative premedication was given.
Induction was done with 8% sevoﬂurane and then predetermined concentration was maintained
for 10 min. Airway was secured either by proseal laryngeal mask airway or endotracheal tube
without using muscle relaxant. End tidal sevoﬂurane concentration, MAC, BIS, and other vital
parameters were monitored every minute till insertion of an airway device. Insertion conditions
were observed. Statistical analysis was done by ANOVA and Students t test.
Results: Difference between ETLMI (2.49 ± 0.44) and ETTI (2.81 ± 0.65) as well as MACLMI
(1.67 ± 0.13) and MACTI (1.77 ± 0.43) was statistically very signiﬁcant, while BISLMI
(49.05 ± 10.76) and BISTI (41.25 ± 3.25) was signiﬁcant. Insertion conditions were comparable
in both the groups.

Study done at Department of Anaesthesiology, Medical College and SSG Hospital, Vadodara, India.
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Conclusion: We can conclude that in children airway can be secured safely with proseal laryngeal mask airway using less sevoﬂurane concentration in comparison to tracheal intubation and
this was supported by BIS index.
© 2014 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. All rights
reserved.
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Comparação da concentração de sevoﬂurano para a inserção de ML proseal e
intubação traqueal em crianças (correlação com BIS)
Resumo
Justiﬁcativa: Sevoﬂurano é um agente inalatório de escolha em anestesia pediátrica. Para o
manejo de vias aéreas em crianças, uma alternativa adequada para o TET é uma MLP pediátrica
(referência de segunda geração SAD). Vários estudos mostraram que uma menor concentração
do sevoﬂurano é necessária para a inserção da ML em comparação com a IT. O BIS é um monitor
útil da profundidade da anestesia.
Objetivos: Comparar a concentração de sevoﬂurano (valores ao ﬁnal da expiração e da CAM)
necessária para a inserção de MLP e intubação traqueal em correlação com o BIS.
Método: Estudo prospectivo, randômico e cego conduzido com crianças entre 2-9 anos de idade,
estado físico ASA I-II, randomicamente alocados nos grupos P (inserção de MLP) e IT (intubação
traqueal). Pré-medicação sedativa não foi administrada. A indução foi realizada com sevoﬂurano
a 8% e, em seguida, a concentração predeterminada foi mantida durante 10 min. A via aérea foi
garantida por MLP ou tubo endotraqueal, sem o uso de relaxante muscular. A concentração de
sevoﬂurano ao ﬁnal da expiração, CAM, BIS e outros parâmetros vitais foram monitorados a cada
minuto até a inserção do dispositivo respiratório. As condições de inserção foram observadas.
A análise estatística foi realizada com o teste-t de Student e ANOVA.
Resultados: As diferenças entre TEIML (2,49 ± 0,44) e TEIT (2,81 ± 0,65), bem como CAMIML
(1,67 ± 0,13) e CAMIT (1,77 ± 0,43) foram estatisticamente muito signiﬁcativas; enquanto BISIML
(49,05 ± 10,76) e BISIT (41,25 ± 3,25) foram signiﬁcativos. As condições de inserção foram comparáveis em ambos os grupos.
Conclusão: Podermos concluir que a MLP em comparação com a intubação traqueal pode ser
segura para a via aérea de crianças, usando menos concentração de sevoﬂurano, o que foi
conﬁrmado pelo BIS.
© 2014 Sociedade Brasileira de Anestesiologia. Publicado por Elsevier Editora Ltda. Todos os
direitos reservados.

Introduction
Sevoﬂurane inhalation anaesthesia is considered gold
standard in children as it provides fast, safe and accurate control of anaesthesia depth combined with security
of quality recovery. LMA is widely used for anaesthesia in
children with advantages over tracheal tube in terms of
stress response to insertion and removal of device and fewer
post operative complications like coughing and sore throat.1
Second generation supraglottic airway (SAD), viz. proseal
LMA with higher seal pressure, has become the benchmark
device.2 Previous studies have shown that less sevoﬂurane
is required for LMA insertion than laryngoscopy and tracheal
intubation.1,3,4 More recently BIS monitor is used as clinical
marker of hypnosis and various workers have used BIS index
to study the sevoﬂurane concentration.5,6 The literatures of
Medline did not show any study which has correlated the
sevoﬂurane concentration required for LMA insertion and
laryngoscopy and tracheal intubation using BIS monitor. So

we designed a study to determine and compare the minimum
sevoﬂurane concentration for insertion of PLMA and tracheal
intubation in paediatric patients in correlation with BIS.

Methods
This was a randomised, prospective, comparative study and
was approved by the institutional ethical committee and a
written informed consent was obtained from the children’s
parents.
The study population consisted of sixty patients aged
between 2 and 9 years, weighing 9---25 kg of ASA I/II posted
for lower abdominal surgeries of short duration. Children
with recent upper respiratory tract infection anticipated difﬁcult airway, full stomach and any systemic or psychological
disorders were excluded from the study. Using an envelope
method, children were randomly allocated into two groups
(30 each).
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Group P (np = 30): Proseal Laryngeal Mask Airway (PLMA)
insertion group
Group TI (nti = 30): Tracheal intubation group
After thorough preanaesthetic checkup, written and
informed consent was obtained from parents and NBM status
of child was conﬁrmed. Intravenous glycopyrrolate 20 g/kg
was given 20 min before induction. No sedative premedication was given.
Compact airway module of anaesthesia machine was used
to measure sevoﬂurane concentration (end tidal and MAC)
and other vital parameters. For measurement of BIS index,
adult disposable biosensor strips were attached. It consists
of 4 gel electrodes, the proximal lead was placed above
the nasion and the distal lead was placed midway between
tragus of the ear and outer canthus of the eye.
Baseline parameters like pulse rate, blood pressure, oxygen saturation, respiratory rate, Et CO2 and BIS were noted.
Anaesthesia was conducted in conventional manner by
an anaesthesiologist who was blinded for BIS value as well
as end tidal sevoﬂurane concentration. General anaesthesia
was induced with inhalation of sevoﬂurane 8% with (50:50)
O2 + N2 O using Jackson Rees circuit for children below 20 kg
and Bain’s circuit for children above 20 kg. Various studies
have shown that PLMA insertion requires less concentration of sevoﬂurane in comparison to tracheal intubation and
hence we started with predetermined concentration of 2%
in group P while 2.5% in group TI. After the loss of eye lash
reﬂex, anaesthesia was maintained with the predetermined
end tidal sevoﬂurane concentration for 10 min1,3,5 (Table 1)
to allow adequate time for sevoﬂurane partial pressure to
achieve equilibrium in alveoli and brain. IPPV was given if
depths of respiration decrease and end tidal CO2 more than
45 mm Hg. At the end of 10 min the attempt was made either
to insert PLMA or tracheal tube without using muscle relaxant. According to the weight of the child, size of airway
device was selected. PLMA was inserted using index ﬁnger
technique. Proper placement of the PLMA and tracheal tube
was conﬁrmed with bilateral equal air entry and square wave
capnography.
If the attempt failed to secure airway the end tidal
sevoﬂurane was increased by 0.5% and another 10 min was
allowed to elapse before the next attempt. If this second
attempt also failed, it was decided for no further attempts
to be made but procedure to be completed by using conventional method of intubation using muscle relaxant and this
child was excluded from the study.
The conditions during insertion and intubation were
evaluated and graded as excellent, satisfactory and poor.

Number of attempts in each patient was also noted down
along with insertion conditions.
The sevoﬂurane concentration and BIS values were
recorded by an observer from induction at an interval of
1 min till the airway is secured either by PLMA or tracheal
tube.
Vital parameters (heart rate, blood pressure, SPO2 ) and
any complications like laryngospasm, bronchospasm during
insertion of airway gadget were recorded by the observer.
The study ended once airway gadget was secured.
Anaesthesia was maintained with O2 + N2 O (50:50) with
sevoﬂurane in conventional manner without using muscle relaxant by the same clinician who inserted PLMA or
intubated. Patients were monitored throughout the perioperative period till their stay in the post anaesthesia care unit
(PACU).

Statistical analysis
As our pilot study was with no previous information being
available regarding expected means or standard deviations,
a pre-study power calculation was not possible. The number
of participants was based on a feasible convenience sample
and was therefore arbitrarily decided. The primary outcome
was to compare sevoﬂurane concentration for insertion of
proseal LMA and tracheal intubation in children. Secondary
outcomes were to compare haemodynamic changes and
complications during insertion of airway gadgets. Statistical testing of ordinal data (ratio of male and female,
age of the patient, weight of the patients, and type of
surgery) was done using Fisher’s exact test. The remaining
variables were analysed for statistical signiﬁcance using
two tailed unpaired t test. The results are presented as
mean ± standard deviation (SD), number (%) of cases. A
p-value of <0.05 was considered signiﬁcant.

Results
Demographic data like age, weight, ASA were comparable
in both the groups as shown in Table 2. Male preponderance
was seen in both the groups because of selection of surgery.
Duration of surgery was short and comparable in both the
groups.
Induction time (time to loss of eye lash reﬂex) was
comparable in both the groups. PLMA was inserted in single
attempt in all the cases. In group TI tracheal intubation was

Table 2
Table 1 Predetermined concentration of sevoﬂurane in
relation with age.
Wt in kg

Predetermined end tidal
sevoﬂurane concentration
Group P

9---10
10---15
>20

2%
2.5%
3%

Group TI
2.5%
3%
3.5%

Demographic data.
Group P

Group TI

p-Value

Age (yrs)
Weight (kg)

5.65 ± 3.10
14.40 ± 4.96

4.6 ± 1.46
11.65 ± 1.76

>0.05
>0.05

Gender
Male
Female

19
1

18
2

>0.05
>0.05

ASA grade
I
II

18 (90%)
2 (10%)

17 (85%)
3 (15%)

>0.05
>0.05

Correlation of sevoﬂurane concentration with BIS
Table 3
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End tidal sevoﬂurane concentration at various phases of induction and insertion.

Stages

Group P

Induction

6.35 ± 1.06

After predetermined concentration
0 min
1 min
2 min
3 min
4 min
5 min
6 min
7 min
8 min
9 min
10 min (insertion)

3.82
2.71
2.53
2.47
2.46
2.43
2.47
2.47
2.46
2.47
2.49

Table 4

±
±
±
±
±
±
±
±
±
±
±

Group TI
5 ± 1.45

1.41
0.47
0.43
0.45
0.46
0.45
0.44
0.45
0.47
0.44
0.44

3.97
2.87
2.81
2.83
2.81
2.82
2.82
2.82
2.81
2.81
2.81

±
±
±
±
±
±
±
±
±
±
±

1.31
0.67
0.65
0.65
0.65
0.64
0.64
0.4
0.64
0.64
0.65

p-Value
>0.05
>0.05
>0.05
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

MAC of sevoﬂurane at various phases of induction and insertion.

Stages

Group P

Group TI

p-Value

Induction

3.19 ± 0.66

2.77 ± 0.74

>0.05

After predetermined concentration
0 min
1 min
2 min
3 min
4 min
5 min
6 min
7 min
8 min
9 min
10 min (insertion)

2.31
1.79
1.65
1.64
1.65
1.63
1.68
1.65
1.65
1.67
1.67

±
±
±
±
±
±
±
±
±
±
±

>0.05
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

±
±
±
±
±
±
±
±
±
±
±

0.61
0.22
0.15
0.12
15
0.15
0.16
0.15
0.14
0.12
0.13

done at ﬁrst attempt in 85% of the cases and in remaining
15% second attempt was required. However, the difference
was statistically insigniﬁcant (p > 0.05).
End tidal sevoﬂurane concentration was comparable in
both the groups at the time of induction (Table 3). The
difference in two groups was not signiﬁcant for ﬁrst two
minutes but it started becoming signiﬁcant from end of
two minutes onwards till the insertion of airway device. At
the time of insertion/intubation ETLMI was 2.49 ± 0.44 and
ETTI was 2.81 ± 0.65 and thus the difference was statistically very signiﬁcant. Similarly MACLMI was 1.67 ± 0.13 and
MACTI was 1.77 ± 0.43 and thus the difference was statistically very signiﬁcant (Table 4). BIS was comparable in both
the groups up to 8 min after induction but there was statistically signiﬁcant difference between two groups at the
time of insertion of airway device, viz. in group P it was
49.05 ± 10.76 and in group TI it was 41.25 ± 3.25 (p < 0.05)
(Table 5).
Insertion conditions were comparable in both the
groups and grading. Vital parameters like pulse, mean BP,

2.47
1.88
1.78
1.79
1.78
1.80
1.78
1.78
1.76
1.77
1.77

0.65
0.46
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.43

respiratory rate, SpO2 , EtN2 O and EtCO2 were comparable
in both the groups throughout the observation period.

Discussion
Two inventions in 1981, viz. sevoﬂurane (inhalational agent)
and laryngeal mask airway (LMA), have brought radical
change in management of paediatric anaesthesia. Advantages of LMA over TI in paediatric patients have been studied
previously.1,2,7 Proseal LMA is superior to classic LMA in terms
of higher seal pressure with safety of controlled ventilation
in children. Paediatric PLMA with revised cuff proﬁle and
two tube results into more secure anchoring of the device
in place. These features make the PLMA ideal for use in
children.2 Thus safety and efﬁcacy in paediatric patients
have been increased. The PLMA has yet to be outperformed
by any other SAD, making it premier SAD in children. Thus,
we designed our study in children to compare sevoﬂurane
concentration in terms of end tidal sevoﬂurane and MAC of
sevoﬂurane for insertion of PLMA and TI. Uniqueness of our
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Table 5
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BIS value at various phases of induction and insertion.

Stages

Group P

Group TI

p-Value

Pre induction
Induction

94.35 ± 2.50
81.05 ± 10.69

93.60 ± 2.80
81.75 ± 7.95

>0.05
>0.05

After predetermined concentration
0 min
1 min
2 min
3 min
4 min
5 min
6 min
7 min
8 min
9 min
10 min (insertion)

38.80
40.11
43
41.75
40.45
45.21
46.47
47.89
47.37
48.63
49.05

±
±
±
±
±
±
±
±
±
±
±

>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
<0.05
<0.05

±
±
±
±
±
±
±
±
±
±
±

17.53
16.25
14.61
14.06
14.75
14.14
13.53
12.6
12.02
11.07
10.76

study is that we included BIS index as clinical marker of
hypnosis for the comparison.5,8
Comparing sevoﬂurane concentration at the time of
insertion of airway device signiﬁcant difference was
observed in end tidal sevoﬂurane concentration as well as
MAC value. End tidal sevoﬂurane concentration at insertion
of PLMA, i.e. ETLMI 2.49 ± 0.44 was lower in comparison to
ETTI 2.81 ± 0.65. MACLMI 1.67 ± 0.13 was also lower in comparison to MACTI 1.77 ± 0.43. Our ﬁndings are similar to other
studies.1,3,4
BIS value in group P during insertion was 49 ± 10.76
whereas in TI group it was 41.25 ± 3.25 and the difference
was statistically signiﬁcant. Our ﬁndings are in consonance
with other studies.6
Thus less sevoﬂurane is required for PLMA insertion in
comparison to TI. This was supported by BIS value, which
was higher indicating lesser depth of anaesthesia for PLMA
insertion.
In our study insertion conditions for PLMA and TI were
comparable. Our ﬁndings are same as those of Aantaa et al.1
and Patel et al.9
Thus we concluded that in children, airway can be
secured safely and effectively with PLMA using less sevoﬂurane concentration in comparison to tracheal intubation
which was supported by BIS index. Thus, PLMA can be the
airway of choice for procedures where there is no need of
deep level of anaesthesia.
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35.50
35.40
40.75
45.30
44.40
43.85
43.10
43.15
42.75
41.95
41.25

12.71
11.62
7.59
8.63
6.41
6.49
6.79
5.03
5.64
5.93
3.25
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Abstract: Background: More than 90 % of Indians rely on the complementary and alternative medicine (CAM) for
primary health care. However, physicians often fail to communicate with their patients about its use as CAM is not
included in the medical curriculum in India. Hence, initial needs assessment for curricular change in the medical
schools is the need of time. The aim of the present study is to determine the attitude towards CAM among first year
undergraduate medical students in Belgaum. Methodology: A survey questionnaire was administered to first year
medical students at JN Medical College, Belgaum. The questionnaire contained attitudes toward CAM and Integrative
medicine (IM). All responses were scored on a 5- point Likert scale and the data was analyzed by using SPSS version
20.0. Results: Nearly 53% and 76% of the students (n=150) have showed positive attitude towards CAM and
integrative medicine respectively. Coastal group of students showed more positive attitude towards integrative
medicine compared to that of interior group (P=0.0002). Conclusion: In the context of the current upsurge of CAM
practice worldwide, a survey is the need of time to gauge attitude amongst medical students. In the present study,
students have showed positive attitude favoring inclusion of CAM topics in the medical curriculum in India.
[Rajashree R NJIRM 2016; 7(1):83-87]
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professionals for more effective, patient-centered
Introduction:
The
increasing
popularity
of
medicine. The public desire for the integration of
complementary and alternative medicine (CAM) among
"alternative" or "unconventional" treatment with
the global population has led an increasing number of
conventional health care system has been well
medical educators to acknowledge the need to teach
1, 2
documented. However, the divergent nature of
CAM to medical students and doctors . In 2004, the
unconventional therapies poses a unique challenge in
World Health Organization (WHO) estimates that about
existing setting of medical education5.
75% of the world’s healthcare is technically
“alternative”. The global market for CAM is estimated
In the context of the current upsurge of interest and
at US$ 83 billion annually in 2008 and is steadily
practice of CAM worldwide and locally, a survey is the
growing at an exponential rate. In India, like any other
need of time to gauge the knowledge and attitude
developing countries more than 90% of population
towards CAM amongst medical students. Many studies
relies on the CAM for primary care, Ayurvedic medicine
which were conducted in different countries have
and yoga in particular3. However, physicians often fail
reported that medical students and faculty have a high
to communicate with their patients about the use of
level of interest in and positive attitudes toward CAM6CAM due to lack of its knowledge.
10
. As the public use of various healing practices is
accelerating, physicians’ ignorance about these
The National Center for CAM (NCCAM) at the National
practices widens the communication gap with their
Institute of Health, USA has defined CAM as ‘a group of
patients. The encouraging fact is that majority of
diverse medical and health care systems, practices and
medical students and faculty recognizes the risk and is
products that are not presently considered to be part
keen to bridge this knowledge gap.
of conventional medicine’. NCCAM has identified the
need to develop a consistent educational approach to
In 1998, 75 of 125 US medical schools offered elective
the use of CAM. Hence, it has funded 15 CAM
courses in CAM or included these topics in required
education projects at US medical schools in the last
4
courses11. This number rose to 98 schools in the
decade .Integrative medicine (IM) is a new approach
academic year 2002–0312.However, until now there has
that embraces the concerns of the public and medical
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been no clear, consistent and acceptable educational
approach to the incorporation of information about
CAM into medical school curricula. Medical schools in
India have barely made an effort to teach CAM topics
since Medical Council of India (MCI) has not included
those topics in the curriculum. In the present study,
initial needs assessment for curricular change in the
medical school was be made by a survey to determine
the level of interest, experience and enthusiasm
regarding practice of CAM in medical students. The
outcome of the present study may provide the
rationale to introduce CAM topics in the foundation
block for first year MBBS students as per the latest
proposal made by the MCI13(2011).
The aim of the present study was to determine the
attitude towards CAM among first year undergraduate
medical students at Jawaharlal Nehru Medical College
(JNMC) in Belgaum, Karnataka state, INDIA.
Material and Methods: A cross sectional survey was
conducted by following ‘best practices in survey’
published by American Association for Public Opinion
Research14. Survey research reporting was done by
following the guidelines of Draugalis et al., in
200815.The survey instruments were adapted from
implementation guide for curriculum in integrative
medicine developed by consortium of academic health
centers for integrative medicine (CAHCIM) 16,17.
The questionnaire was divided into three major
portions: Demographic information; Attitudes toward
CAM and Integrative medicine attitude questionnaire
(IMAQ) (Annexure-I). The survey tool includes totally
60 (29+31) statements. The self-assessment
questionnaire was given to randomly selected first-year
medical students at JNMC, Belgaum (n=150) after
obtaining approval from Institutional Ethics Committee
(MDC/DOME/857dated 1/2/2013).
The
survey
questionnaire was administered through an
independent person and confidentiality was
maintained. Participation in the survey was voluntary
and anonymous. All responses were scored on a 5point Likert scale (strongly disagree, disagree, neutral,
agree and strongly agree). The results were expressed
as means and standard errors (mean ± SE) and scores
were calculated by collapsing the 5- point Likert scale
to 3-point Likert scale (agree, neutral and disagree).
The between-group comparisons of interior and coastal
group were assessed by Student’s unpaired ‘t’ tests.
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Differences were considered significant at P ≤ 0.05 with
confidence interval (CI) of 95%. The data was analyzed
by using SPSS version 20.0.
Results: Initially, the survey tool was given to 30
students of first year MBBS at JNMC, who were
selected randomly for pre-validation. The data analysis
of pre-validation results showed reliability of 81% and
Cronbach’s alpha value of 0.74 for questionnaire on
attitude towards CAM (ATC). Further, pre-validation
results showed reliability of 86 % and Cronbach’s alpha
value of 0.86 for questionnaire on attitude towards
integrative medicine (IMAQ). Item analysis for
questions numbered 4, 12, 14, 20, 21, 24 and 26 in ATC
and 5, 6 and 13 in IMAQ showed reduced internal
consistency and negative correlation, so those
questions were modified accordingly.
The proportion of the first-year undergraduate medical
student cohort that responded to the present modified
survey was 92% (138/150).The results are expressed in
percentiles and as means and standard errors (mean ±
SE).
We
compared
the
distribution
of
agree/neutral/disagree ratings for each of the
statements and presented the response distribution
comparisons for the two cohorts namely students from
coastal areas (n=35) and interior part of India (n=103).
The overall percentile scores showed that about 53% of
the students have positive attitude towards CAM and
about 2.17% did not(Table-1).

Table 1: Distribution of samples by overall attitudes
towards CAM
However, statistically significant difference was not
found among coastal and interior cohorts (P=0.1723)
(Table -2).
Table 2: Comparison of interior and costal groups with
respect to attitude towards CAM
Group n
Mean SD
t-value p-value
Interior 103 105.83 13.04 -1.3720 0.1723
Costal
35 109.06 8.33
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About 76% of the students showed positive attitude
towards integrative medicine and 24% remained
neutral (P=0.1723) (Table -3).
Table 3: Distribution of samples by overall attitude
towards integrative medicine

It was also found that coastal group of students were
consistently more positive (P=0.0002) than those in
interior in theirresponses when their attitude towards
integrative medicine was compared (Table -4).
Table 4: Comparison of interior and costal groups with
respect to attitude towards integrative medicine
Group N
Mean SD
t-value p-value
Interior 103 95.26 8.06 -3.8715 0.0002*
Costal
35 101.17 6.96
* Significant
Pearson’s coefficient (r) between attitude towards
CAM and integrative medicine showed significant
correlation among interior cohort (0.25), but not
significant in coastal group of students (0.08).
Discussion: India is known for its ethnic and cultural
diversity. Alternative systems of medicine have been a
part of our culture since centuries, Ayurveda and yoga
in particular3. Most of the Indians seek CAM therapies
to address their primary healthcare needs. The diverse
practice of medicine necessitates the physicians to
acquire basic knowledge of different modalities of CAM
therapies. Hence, it is increasingly important to provide
the medical students with cultural competency skills to
effectively communicate with patients and to critically
evaluate evidence for various CAM therapies. However,
the institutional climate in India for incorporation of
CAM topics in medical curriculum is yet to be
established. Ultimately the beneficiaries of this move
will be patients and the society.
The outcome of the present study may provide the
rationale to introduce CAM topics in the foundation
block for first year MBBS students as per the latest
proposal made by the MCI. We can follow the footsteps
of medical schools in U.S. and Europe11, 12, who have
been successful in integrating CAM topics in their
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medical curriculum. We hope that the spectrum of
needs assessment provided here is wide enough to be
useful for educators in their approach towards
introduction of CAM in to medical curriculum of India.
However, the major challenge for the medical
educators is the integration of new CAM topics into the
already
dense
medical
school
curriculum.
Understanding of CAM therapies within the modern
medical environment, and claiming time is both
politically and logistically challenging.
Results of our study generally echo earlier survey
reports conducted in US18, and other countries19-22 for
medical students. Similar results were also found in
different cohort of students belonging to nursing,
pharmacy and biomedical sciences 23,24and among
other adolescent population25. Study reflects that
medical students show more positive attitudes toward
CAM. Medical students are aware of the fact that CAM
practices are being exercised by patients and so
interested in the integrated medicine for effective
clinical practice in their future. There is paucity in the
literature regarding regional variation and attitude
towards CAM or integrative medicine. Available reports
suggest a trend towards more openness towards
integration in the curriculum among students from
coastal regions. The regional variation may be due to
the profound use of CAM therapies among coastal
people or their culture.
Given the increasing popularity and use of CAM
therapies globally, it is relevant for future clinicians to
have some knowledge about other systems of
medicine. Students were enthusiastic in learning about
CAM practices to be able to effectively communicate
with patients about CAM and to critically evaluate
evidence for various CAM therapies and also to advice
patients about safety issues26.The limitations of the
present study include the smaller sample size and
restriction to the local area. Large scale studies across
medical schools in other parts of India may focus on
the need to integrate the CAM topics in medical
curriculum. Also attitudes of teaching faculty in medical
colleges and practicing physicians may throw some
more light on the addressed problem. In addition to
the use of surveys, a small number of studies used
qualitative approaches to assess attitudes, such as
focus groups, interviews, student key informants, and
reflective writing exercises. Additional studies both
qualitative and quantitative are needed to compare
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and contrast the conventional system with other
systems of medicine in India.
The need for CAM and integrative medicine
approaches in allopathic medical school curricula has
been well articulated. In the future new, wellstructured CAM curricula should focus on knowledge
and skill acquisition, such as competencies for
interviewing patients for CAM use and side effects and
skills for searching evidence on CAM modalities.
Conclusion: In the context of the current upsurge of
CAM practice worldwide, a survey is the need of time
to gauge attitude amongst medical students. In the
present study, students have showed positive attitude
favoring inclusion of CAM topics in the medical
curriculum in India.
Key Words: Complementary and alternative medicine;
integrative medicine; attitude towards CAM; Indian
medical curriculum; CAM
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Abstract: Background & Objective of the study: Research in medical field is growing in leaps and bounds creating a
new career option for the students. But there is poor understanding of research and its vastness among
undergraduate students. There is dire need to expose undergraduate students to some basics of research activity.
Prior to their orientation towards research there is a need to assess the knowledge, attitude and practice of research
so as to pave way for developing new methodologies, strategies to foster student interest in research as an academic
career and help create young researchers among this field.Objective of the study was to assess the
knowledge,attitude and practice of research among medical undergraduate students.Materials & methods: A prevalidated questionnaire was prepared, provided to II Phase-II term MBBS students and their response was collected.
Quantitative evaluation of the data acquired was done. Results: Response rate to the questionnaire was 84.8%.
Though 81.2% students showed positive attitude towards research, mean score of research knowledge was 51.7%
and mean score of research practice was only 11.9%. Conclusion: Undergraduate students have positive attitude
towards research but their knowledge & practice of research is low. Further steps have to be undertaken to raise this
bar of knowledge and practice of research among the undergraduate students. [Dr Ashwini R NJIRM 2016; 7(4)
:68-72]
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Introduction Research is an important part of medical
Fig 1:- Present scenario of medical students that
field that is growing in leaps and bounds creating a
needs to be changed.
new career option for the students. But there is poor
understanding of research and its vastness among
undergraduate medical students. Presently there are
less programs in the curriculum for undergraduates to
expose them to this emerging career option. There is a
dire need to expose undergraduate students to some
basics of research activity1,2,3.The present medical
education system is focusing on ways to improve
knowledge, attitude, skills and inculcate lifelong selfdirected learning among students than factual
learning. Undergraduate level research orientation and
student participation in research activity may be our
step
towards
enhancing
their
knowledge,
communication skills and problem solving skills 4,5 .
Methods: Ethical Clearance was obtained. A preStudies have shown that Post-graduate medical
validated questionnaire was provided to all II Phase-II
students have low knowledge but positive attitude
term MBBS students who were willing to be a part of
towards
research6.
Exposing
students
at
the study(140 of the total 165 students) and their
undergraduate level itself may help them be prepared
response was collected (Tables:1-5). Quantitative
for future Post-graduate programs and inculcate
evaluation of the data acquired was done.
positive influence on career choice (Fig 1). Prior to
orientation of students towards research there is a
Results:Response rate to the questionnaire was 84.8%.
need to assess their knowledge, attitude and practice
Though 81.2% students showed positive attitude
of research so as to pave way for developing new
towards research, mean score of research knowledge
methodologies, strategies to foster student interest in
was 51.7% and mean score of research practice was
research as an academic career and help create young
only 11.9% (Fig 2). Among the reasons for nonresearchers among this field.
participation of undergraduate students in research
82.1% agreed for heavy load of curriculum studies ,
NJIRM 2016; Vol. 7(4) July – Auguest
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77.9% agreed for lack of knowledge of research and
77.1% agreed for lack of research training to be the
cause where else 80.7% disagreed for lack of interest
in research to be the culprit (Fig 3).
Table 1: Students response to questions pertaining to
research knowledge
Questions pertaining Agree Disagree Don’t
to
research (%)
(%)
Know
knowledge
(%)
75.0
12.1
12.9
1 Can you, as a medical
student conduct a
research
before
completion of MBBS?
45.7
20.0
2 Ethical clearance is 34.3
not
required
for
conducting research.
It is required only if
you want to publish
your research material
32.1
22.2
3 Research
topic, 45.7
Research
problem,
Research
question,
Hypothesis is the
correct order for the
development of a
research idea
1.4
5.7
4 Literature
review, 92.9
Data
collection,
Analysing
and
interpreting the dataare all required for
research conduction
10.0
25.0
5 Abstract provides a 65.0
step by step account
of what you did as a
researcher during the
research study
Table 2: Students response to questions on attitude
towards research
Questions pertaining Agree Disagree Don’t
to students attitude (%)
(%)
Know
towards research
(%)
1 Undergraduates
57.1
34.3
8.6
should be compulsorily
made to participate in
research activities
2 Undergraduate
90.7
5.7
3.6
student can plan &
conduct a research
NJIRM 2016; Vol. 7(4) July – Auguest

project
3

4

5

6

7

8

Undergraduate
student can write a
scientific paper.
Research is useful for
future in medical
profession
Research conduction
secures better chances
for taking PG programs
like thesis etc
Research conduction is
essential for patient
care and improvement
of health care
Research conduction
promotes
communication skills
Research conduction
promotes independent
learning ability

52.1

23.6

24.3

95.0

2.1

2.9

84.3

5.7

10.0

85.7

8.6

5.7

90.7

7.1

2.2

94.3

3.6

2.1

Table 3: Students response to questions pertaining to
practice of research
Questions pertaining to Yes
No
practice of research
(%)
(%)
1 Have you participated in a 10.0
90.0
research project?
2 Have you planned and 13.6
86.4
conducted
a
research
project
3 Have you written any 2.9
97.1
scientific paper?
4 Have you attended any 21.4
78.6
research
orientation
program
Table 4: Students response on reasons for research
non participation
Perceived barriers for Yes
No
research participation
(%)
(%)
1 Lack of interest in research 19.3
80.7
2 Lack of research training
77.1
22.9
3 Lack of knowledge on 77.9
22.1
research conduction
4 Lack of time
60.7
39.3
5 Lack of financial help/ 37.9
62.1
incentives for research
6 Heavy load of curriculum 82.1
17.9
studies
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7
8
9

Lack of mentorship
59.3
40.7
Lack of motivation
56.4
43.6
Lack
of
interpersonal 51.4
48.6
communication
Table 5: Students response on measures to improve
student research participation
Measures to improve Agree Disagree
student
research (%)
(%)
participation
1
Target
students
to 83.6
16.4
research early in MBBS
course
2
Conduct
mandatory 60.0
40.0
research courses
3
Provision of more research 90.7
9.3
training
4
Make provision for more 94.3
5.7
research projects
5
Conduct research method 92.9
7.1
workshops
6
Encourage students for 97.9
2.1
mentored health research
7
By boosting funds for 81.4
18.6
research
8
Conduct
student 87.1
12.9
conferences
97.9% students agreed that mentored health research,
94.3% agreed that by making provision for research
project and 90.7% agreed that by increasing research
training the student participation in research could be
improved (Fig 4).
Fig 2:- mean score of research practice among
students was only 11.9%. 90% students had never
participated in any research project & 78.6% had
never even attended any research orientation
program.
Fig 2
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Fig 3:- 82.1% agreed heavy load of curriculum studies
, 77.9%- agreed -lack of research knowledge & 77.1%agreed - lack of research training to be the cause for
their non-participation in Research, where else 80.7%
disagreed lack of interest in research to be the cause.
Fig 3

Discussion: As an undergraduate medical student we
do not recollect being taught about research,
undergoing any formal research training or even
participating in research. But the scenario has
drastically changed today. As a postgraduate medical
student one is expected to conduct research, submit it
as thesis and as a teaching faculty in medical college
we are asked to put forth the list of research articles
published in our name to even get a promotion. The
results of our study are alarming and reflect the fact
that research has already infiltrated and blended into
our medical field so much that we are left with no
choice but to expose the present undergraduate
medical students at the earliest to this growing field.
Fig 4:- 97.9% agreed- mentored health research,
94.3% agreed-making provision for research project
& 90.7% agreed that by increasing research training
student participation in research could be improved.
Fig 4
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Response rate to the questionnaire was high in our
study. Being a cross sectional study, only a few
students were absent and a very few did not consent
to enrol as a participant in the study. High response
rate could be a good representation of the positive
attitude students have towards research in medical
college.
The mean score of knowledge was 51.7% which were
comparable to similar studies by Khamiset al3 (49%) &
Khan et al4 (49%).
Present study showed that the undergraduates had
positive attitude towards research(Mean score81.2%). 57.1% students favoured compulsory student
participation in research activities which coincided
with study by Jamali et al5(53%).90.7% students were
confident about their ability to plan & conduct
research but percentage dropped to 52.1% when
asked about scientific paper writing ability. Majority
students (>84%) agreed that their research
involvement would definitely have positive impact on
their future medical programs, communication skills,
independent learning behaviour, patient care and
hence essential for overall improvement of health care
system.
We found significant disparity in the students attitude
and their participation in research. Despite the positive
attitude towards research, the mean score of research
practice was only 11.9%. 90% students had never
participated in any research project & 78.6% had never
even attended any research orientation program (Fig
2).
Perceived barriers for undergraduate participation in
research activities (Fig 3) were heavy curriculum load
(82.1%), lack of knowledge on research conduction
(77.9%) and lack of research training (77.1%).
Surprisingly only 19.3% students perceived lack of
interest in research to be the culprit for their nonparticipation, revealing the positive attitude students
had and their willingness to enter into this field of
research. Similar study by Khamiset al3 revealed lack of
research training (76.7%), lack of time (74.3%), study
load (69.5%) as commonly agreed upon reasons and
lack of interest (54.7%) as least agreed upon reason for
non-participation in research activities. Giriet al6
however in a study pointed out heavy work load
(59.5%) as a major cause for undergraduate students
non participation in research.
NJIRM 2016; Vol. 7(4) July – Auguest

Students(>90%) agreed that by encouraging mentored
health research, making provision for research project,
research training and conducting workshops, such
scenario of low research participation could be
positively altered (Fig 4).
Conclusion: Undergraduate students have positive
attitude towards research but their knowledge &
practice of research is low. Their involvement in
research activities is being affected by their heavy load
of curriculum studies, lack of knowledge on research
and lack of research training.
Further steps have to be undertaken to raise this bar
of knowledge and practice of research among the
undergraduate students.
Conducting studies that can assess effect of research
orientation and training programs may be undertaken
to help improve upon student research participation.
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Abstract: Background& Objective: In traditional lecture classes or tutorials students are passive learners, so it is just
factual recalling than the reasoning. In case based learning, students take an active part in the discussion and
develop a skill for interaction. To test for the effectiveness of Case Based Tutorials (CBL) as compared to traditional
tutorials in microbiology. Methodology: A total of 58 students were divided into Batch A and Batch B randomly. Case
Based Tutorials was conducted for batch A, and while to batch B traditional tutorials were conducted. Pre test and
post test were conducted for both the batches and results were analyzed by unpaired t test. Feedback on CBL
sessions was recorded on a pre validated questionnaire. Results: There was significant difference in the knowledge
gained by the students as their performance in post test of Case Based tutorial was better as compared to Traditional
Tutorial ( P <0.001). 27 (93.10%) students opined that CBL improved their learning skills. Conclusion: CBL can
enhance the development of learning skills and can be used for early clinical exposure and better application of
microbiology in diagnosis & patient care. [Patil M NJIRM 2016; 7(2):5-8]
Key Words: Case based learning, Tutorials, Microbiology education.
Author for correspondence: Dr. Madhumati. J. Patil, Department of Microbiology, KLE University’s J.N. Medical
College, Belagavi –590010. India. Email: madhumatik2003@yahoo.co.in
Introduction: Active learning happens when students
facilitator and encourages to explore the case and
are given the opportunity to develop a more
consideration of the characters' actions in light of their
interactive relationship with the subject matter and
own decisions5. The purpose of CBL is to facilitate
encouraging them to generate rather than simply
interaction with students in small groups so as to shift
1
receive knowledge . In most of the medical schools of
emphasis from acquiring knowledge during lectures to
India, microbiology is mainly taught by means of
data evaluation and problem solving. Class size is vital
didactic lectures, tutorials, and practical classes. Such a
in determining the efficiency of teaching and
system is teacher centered with minimal active
discussion in a CBL which will not be met in CBL in
participation from the students. So, case based
lecture classes this can be overcome in tutorial
tutorials were introduced to know the perception of
classes6.
students in better understanding of microbiology, in
comparison with traditional tutorials.
Most traditional tutorials are led by faculty members,
and students act as passive recipients. Students get a
Case Based Learning (CBL) is an interactive, studentlimited opportunity to express their opinions and
centered, instructor-led learning approach that is
enhance their communication skills during tutorials7. In
closely related to Problem Based Learning (PBL). CBL
this regard some studies have reported differences in
promotes active learning by utilizing clinical case
between educational theory and practice in traditional
scenarios which reflect real life experiences that
tutorial method8. It is necessary, therefore, to look for
students will face during the clinical phase of their
adequate but less resource intensive alternatives,
2
medical education . CBL prepares the students for
keeping in mind the potential benefits of tutorials.
clinical practice, through the use of authentic clinical
cases. It links theory to practice, through the
Objectives:
application of knowledge to the cases3.
1. To test for the effectiveness of Case Based
Tutorials for learning in Microbiology as compared
CBL has several advantages, including promoting selfto Traditional Tutorials.
directed life-long learning; introducing basic medical
2. To collect students’ perception on CBL.
sciences in a coherent manner closely related to topics
in clinical sciences, and reinforcing the reasoning,
Material and Methods: The study was conducted in
collaborative and communication skills of students4.
the Department of Microbiology, KLE University’s J.N.
Cases are generally written as problems that provide
Medical college, Belagavi. Ethical clearance was
students with the history, physical findings and
obtained from JNMC Institutional Ethics committee.
laboratory results of a patient. Here teacher acts as
Tutorials were conducted for the MBBS II phase II term
NJIRM 2016; Vol. 7(2) March – April
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students. A total of 58, students were included in the
study and they were divided into Batch A and Batch B
consisting of 29 students per batch, 1 student
remained absent from batch B.
All the students were oriented and informed consent
was taken. To batch A, Case Based Tutorials was
conducted and while to batch B Traditional Tutorials
was conducted. Batch A (n=29) was further subdivided
into 5 small subgroups consisting of 6 students each.
Topic for the tutorials was informed to the students
one week prior and students were asked to prepare for
the same. Tutorials were conducted only after the
topics were taught during scheduled regular
microbiology lectures. Two sessions each of two hours
were conducted. In the CBL tutorials clinical case
scenario was presented in the form of pre –validated
MCQ’s by the facilitator. The cases were brief and
framed in such a way that they matched the students’
level of previously acquired knowledge in the lecture
classes. Thereafter, the groups were given 5-10
minutes to discuss the case and answer the questions.
During discussion, the facilitator would facilitate
discussion and offer suggestions if a group experienced
difficulty.
Pre and post-test design was adopted for the study to
evaluate the impact of the two methods using prevalidated MCQs. Students perceptions on CBL
sessions were recorded using a pre validated
questionnaire9. The responses were in the YES/NO
pattern. The purpose of the questionnaire was
explained in detail to the participating students and
confidentiality of the results was assured. Pre test and
post test score was evaluated using unpaired t test.
The student’s perception on CBL was also evaluated
with percentage positive response by each student.
Results: There was significant knowledge gained by the
students by both the methods, however; there was a
remarkable improvement by CBL tutorials compared to
traditional tutorials. The pre and post - test scores of
the CBL tutorial, when compared by paired t - test, was
found to be statistically significant P= 0.001(Table 1).
The post test scores of TT and CBL tutorials were
compared by unpaired t – test, which was found to be
highly significant; P = <0.001 (P< 0.05 was considered
significant) (Table 2). Among the 29 students who
participated in the CBL sessions (Table 3), 27 (93.10%)
opined that CBL improved their learning skills. All the
participants also felt that discussion during CBL
NJIRM 2016; Vol. 7(2) March – April

sessions addressed the objectives of the case given
(100%) and promoted independent learning traits 27
(93.10%). While only 21(72.41%) of them found that
CBL had substantially improved their communication
skills.
Table 1: Statistical analysis of pre-test and post-test
scores of CBLT and TT by Paired t test
Pre
Post
Pre – Paired P
Test
Test
Post
t test
scores scores Differ
ence
CBL
9.58 ± 14.17 4.58 ± 10.915 <0.001
Tutorial
2.04
±2
2.22
N= 29
Traditional 9.14 ± 10.78 1.64± 3.981
<0.001
tutorial
2.12
±2
2.18
N= 28
Table 2: Statistical analysis of pre-test and post-test
scores of CBLT and TT by unpaired t test
Pre –Post test Difference
CBL Tutorial
4.58 ± 2.22
N= 29
Traditional tutorial
1.64± 2.18
N= 28
T
5.038
DF
P
95% CI

55
.001
1.77-4.11

Discussion: There can be no single best way of learning
in medicine since each method has its own advantages
and disadvantages. Basic science information could be
learned and applied most effectively when students
participate actively in the process of acquiring
knowledge10. Finding the time to teach clinical
microbiology in an already robust medical school
curriculum has proved to be challenging. Case-based
learning allows for open-ended exploration of topics
with a structure and well-defined goals so that there is
more efficient use of time11. Clinical problems convert
passive didactic lecturing into active mental activity
which is a must for learning and it has been shown that
retention of knowledge is increased by active
learning12.
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CBL appears to foster effective learning in small
groups, possibly through the effect of having more
engaged learners.
This study was an initial attempt to evaluate the
efficacy of an alternative method of conducting
tutorial without disturbing the traditional approach
and yet ensuring maximum participation.
Our findings clearly show that basic science
information, especially microbiology, can be learned
and applied more effectively when didactic lectures
are supplemented with clinical cases and there is
active participation of the students. Small group
tutorials has proved that, small study groups foster
interactive learning and positive cognitive effects, such
as activation of prior knowledge, recall of information,
individual and collaborative knowledge construction,
and cognitive conflicts leading to conceptual change13.
We tried to assimilate these benefits of small group
learning through the CBL tutorials. The analysis
revealed that learning improved by both the methods

(Table 1); however the performance improvement was
better with CBL tutorial method (Table 2). The reason
was apparent as more number of students actively
participated in the modified method where they were
subdivided into small groups. The students who feared
or were conscious to speak in large group, opened up
well within small group. This ensured active
involvement of every student and hence the
improvement in scores was highly significant by this
method.
Students enjoyed CBL and think that it helps them
learn better; however, enjoyment can lead to
increased engagement and motivation for learning,
which in itself is a desirable and positive effect. It also
promotes interpersonal and communication skills and
self learning among students.
Our results agree with multiple studies available in the
literature documenting improved knowledge with the
use of CBL in physiology14, microbiology 15, and
Ayurveda16.

Table 3: Analysis of percentage of student’s feedback on CBL
SN

Questions/statements

1
2

CBL has improved my learning skills
CBL has facilitated my independent learning abilities

Responses
(Yes in %)
93.10
93.10

3

Cases selected for CBL were appropriate to the block

96.55

4
5

CBL has enhanced my communication skills
Student discussion during CBL sessions addressed the objectives of the case

72.41
100

6
7
8
9

100
72.41
86.20
79.31

10
11

CBL increased my analytical skills
CBL sessions helped me organizing my study material
The time allotted for the cases studies was adequate
CBL has helped me generate questions that forced me to further investigate the problem
mentioned in the case
The reference materials indicated for CBL were useful and adequate
CBL fits well with other elements of my course (like lectures, practical , clinical skills etc)

12
13

CBL provided a context that helped me retaining relevant information
CBL helped me gain skills in working with others

86.20
79.31

14

CBL gave me an opportunity to help others in the group understand difficult material

79.31

15

CBL helped me better understand the difficult material by hearing my classmates discuss it

86.20

16

CBL helped me better understand the difficult material by talking it out

86.20

17

CBL as a whole has worked as an effective learning tool for me

89.65

18

CBL has helped me in preparing for my examinations

75.86

19

The faculty present during CBL facilitated the whole process

96.55

20

Explaining information to others (before/during/after CBL) helped me better understand the
learning objectives

89.65

NJIRM 2016; Vol. 7(2) March – April
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Conclusion: The present study concludes that CBL can
be used as alternative teaching method for increased
retention of knowledge, better application of
microbiology in diagnosis & patient care. CBL can
enhance the development of learning skills by early
clinical exposure. Case-based tutorial sessions
stimulate students’ interest in the subject, they also
facilitate higher learning outcomes such as analytical
skills and critical thinking.

11.

12.
13.
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Abstract: Introduction: The concepts taught in pre-clinical sciences serve as a backbone to understand the clinical
sciences. The system of teaching basic science subjects through didactic lectures followed in most of the medical
colleges is more of a teacher centered. The medical educators are concerned about the learning outcomes of the
traditional programs of teaching. Usually feedback on curriculum is obtained by subject experts from other
universities. There is an unmet need to obtain the perceptions of graduates as they represent one of the important
stakeholders of curriculum. Objective: To collect the interns perception about the content, need and application of
biochemistry knowledge during their internship using a pre-designed and pre validated questionnaire. Materials and
Methods: It was a cross sectional study done on interns who were asked to give feedback on biochemistry
curriculum using the questionnaire. All the opinions were rated using 5- point Likert scale, ranging from strongly
disagree to strongly agree. Results: 72.9% of interns were in favor of integrating basic science subjects with clinical
sciences . Around 74.5 % (2/3rd) expressed that adopting interactive teaching strategies and problem based
learning helped them in better understanding of the subject. Conclusion: The final goal of teaching in a medical
sector includes attainment of knowledge, skills, attitudes and morals required to perform professional tasks safely
and competently. In order to achieve this interactive, practical/case oriented and integrated teaching should be
promoted. [Vanishree.B.JNJIRM 2016; 7(4): 82-86]
Key words: Curriculum, Biochemistry, Feedback, Questionnaire, Integrated teaching.
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Introduction: Understanding the concepts taught in
knowledge. The study also proved statistically that
basic science subjects serves as a backbone for
there was knowledge loss over the years.6 In most of
1
studying the clinical sciences. Medical students build
the medical colleges of India, the knowledge regarding
their clinical knowledge on the basis of their prior
basic science subjects is taught mainly through
basic knowledge. Biochemists consider that
didactic lectures, tutorials and practical. Hence the
Biochemistry is very important for medical education.
system is more of teacher centered with less
On the other hand, many medical students see that
interaction or involvement from the students .7 In the
Biochemistry teaching lacks clinical relevance.
conventional system which is followed in most of the
Medical Colleges, the basic science subjects are taught
Biochemistry is thought to be a fundamental subject
in the first year of 4.5 years course with least
and it is not only required to understand many of the
interdisciplinary interaction. Some studies have
disciplines which strengthen medicine but that a basic
documented the improvement of the standards of
knowledge which is also required in clinical
medical education utilizing the graduates point of
practice.2The broad goal of teaching Biochemistry to
view .8,9 The undergraduate medical curriculum
undergraduate students is to make them understand
should be such that it should train the undergraduates
the scientific basis of life processes at the molecular
to undertake the responsibilities of a physician of first
level and to orient them towards the application of
contact who is capable of looking
after the
3
this understanding in solving clinical problems . In the
preventive,promotive, curative and rehabilitative
traditional way of teaching the first year of medical
aspects of medicine.10
teaching does not include patient based teaching. The
medical educators are concerned about the learning
As a part of program evaluation, usually feedback on
outcomes of traditional programs of teaching. 4,5. In a
curriculum is obtained by subject experts from other
study done at the University of Saskatchewan,
universities. There is an unmet need to obtain the
Canada, it was expressed by majority of senior
perceptions of the graduates as they represent one of
undergraduates that they did not remember much
the important stakeholders. In this context the
from their first year courses and the pre-clinical
present study was planned to collect the interns
teaching content was not relevant to their clinical
NJIRM 2016; Vol. 7(4) July – Auguest
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perception about the content, need and application of
Biochemistry knowledge during their internship using
a pre-designed and pre-validated questionnaire.
Methods: Study Design: This was a cross sectional
study conducted during October 2014 to January
2015.
Study population: The study included interns of
two batches (regular and repeater).
Sample size : 90
Method of collection of data : The data was
collected using an anonymous pre-designed
questionnaire.
Prevalidation of the questionnaire : Pilot testing was
done on 10 interns who were asked to opine
regarding the content , consistency and clarity of the
questionnaire. Necessary modifications were made
as per the feedback given by the interns. Final
corrected questionnaire was administered among
the interns after taking written informed consent.Out
of these , 70 interns returned the questionnaire .All
the opinions were rated using 5- point Likert scale,
ranging from strongly disagree to Strongly agree.
Reliability of the questionnaire : The reliability of the
questionnaire was done by calculating the chronbachs
alpha which showed the value of 0.901 indicating a
highly reliable one.
Statistical Analysis: Percentages were used to
summarize the categorical outcomes. Mean and
Standard Deviation( S.D) were used to summarize the
numerical outcomes.

the interns ranged from 22 to26 years with a mean of
23 years.
Learning value: Almost 3/4th (74.3%) of interns felt
that the knowledge of biological structures is very
much required to become a good clinician . When
asked to rate the three basic science subjects in the
order of their clinical usefulness as a doctor, 35.7% of
the interns opted for Anatomy, while for Physiology
and Biochemistry the response was 25.7% and 17%
respectively (Table No. 1)
Instructor enthusiasm, Organization and Individual
Rapport : 58.6% of the students agreed that the subject
experts were highly enthusiastic about teaching the
course. 49(70%) of the interns agreed that the teachers
were friendly and
easily accessible to the students,
17(24.3%) remained neutral & 4(5.7%) disagreed to this.
Slightly more than half of them (55.7%) agreed that the
biochemistry course materials were well prepared and
carefully explained by the subject experts(Table No 2).
Group Interaction and Breadth of coverage: More than
2/3rd of interns felt that Biochemistry lectures were
interactive and the breadth of knowledge in biochemistry
helped to
perform some of the common clinical
procedures as agreed by 40(57.2%) of the students.
51(72.9%) of interns were in favor of integration of basic
science subjects with clinical subjects for better
understanding of the subject. 42(60%) of the students
agreed with the fact that practical integration of the
knowledge was well done in a manner that was helpful to
inculcate useful clinical skills, 25.7%(18) remained neutral
& 14.3% (10) disagreed whereas 17(24.3%) remained
neutral(Table No 3).

Results:Out of the 70 participants males(52.3%) and
females were equally distributed (47.7%). The age of
Table No 1 : Features and response rates of Learning value
Strongly Disagree Disagree
Neutral
Features
N (%)
N (%)
N (%)
Knowledge of biological structures
2(2.9)
59(7.1)
11(15.7)
required to become a good clinician
Rating of the three basic science subjects
in the order of their clinical usefulness as a
doctor
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Anatomy

Physiology

Biochemistry

35.7 %

25.7%

17%

eISSN: 0975-9840

Agree
Strongly
N (%) Agree N (%)
34(48.6) 18(25.7)
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Table No 2 : Features and response rates of Instructor enthusiasm, organization & Individual Rapport
Strongly Disagree Disagree
Neutral Agree
Strongly
Features
N (%)
N (%)
N (%)
N (%)
Agree N (%)
Instructors enthusiasm about teaching the
2(2.9)
4(5.2)
23(32.9) 32(45.7)
9(12.9)
course
Friendly nature & easy accessibility of the
1(1.4)
3(4.3)
17(24.3) 40(57.1)
9(12.9)
teachers to students
Careful explanation and preparation of the
1(1.4)
4(5.7)
26(37.1) 35(50)
4(5.7)
course material by subject experts
Table No 3: Features and response rates of Group interaction and breadth of coverage
Strongly Disagree Disagree
Neutral
Agree Strongly Agree
Features
N (%)
N (%)
N (%)
N (%)
N (%)
Breadth of knowledge in biochemistry 3(4.3)
6(8.6)
21(30) 37(52.9)
3(4.3)
Knowledge helped to perform some of the
common clinical procedures
Integration of basic science subjects with 2(2.9)
17(24.3) 42(60)
9(12.9)
clinical subjects helped them in better
understanding of the subject
Practical integration of the knowledge was
1(1.4)
9(12.9)
18(25.7) 39(55.7)
3(4.3)
well done in a manner that was helpful to
inculcate useful clinical skills.
Biochemistry lectures were too interactive
2(2.9)
10(14.3)
31(44.3) 24(34.3)
3(4.3)
Table No 4 : Features and response rates of Examination,,Assignment and workload
Strongly Disagree Disagree
Neutral
Agree Strongly Agree
Features
N (%)
N (%)
N (%)
N (%)
N (%)
Grades for continuous assessment and final
1(1.4)
6(8.6)
22(31.4) 32(45.7)
9(12.9)
examination were fair and reasonable
Laboratory experiments/assignments
1(1.4)
6(8.6)
16(22.9) 36(51.4)
11(15.7)
carried out in Biochemistry subject helped
us to become a good doctor.
Biochemistry syllabus vastness
14(20)
29(41.4) 23(32.9)
4(5.7)
biochemical pathways.
Examinations, Assignment and workload: More than 2/3rd of
the interns felt that the grades for continuous assessment &
 Adoption of newer practical methods.
final examinations were fair and reasonable. 47(67.1%) of
 Requirement of continuous revisions as the
interns agreed that the laboratory assignments /
subject is volatile according to them.
experiments carried out in biochemistry subject helped
 Conducting more number of interactive tutorials.
them to become a good doctor. Nearing 50 % of students
 Training some of the teachers in Medical
could not
comment on
syllabus vastness and
Education.
extensiveness(Table No 4)
Discussion :“No learning can be gained unless theory
The following were the suggestions given by the
is practiced and theory cannot be practiced unless
students for one of the open ended question –
opportunity is availed1. If we want to change and
 Inclusion of clinically important points that would
improve the quality of health care education in our
help them in practice.
country, it is important to obtain regular feedback
 Interactive integrated and black board teaching
from the
was favored more especially for
NJIRM 2016; Vol. 7(4) July – Auguest
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students as the education climate strongly affects
student’s achievement satisfaction and success.11 The
medical students bring in fresh ideas , views and
prospectives which can be taken up to improve the
current medical education system.12
One of the most important sources of information in
any evaluation of education process is learners’
opinion.1 Majority of interns 74.3% felt that the
knowledge of biological structures is very much
required to become a good clinician which was
contradictory to a study done by El -Bab et al have
opined in their study that clinical knowledge can be
acquired without complete understanding of its basic
science background. 11 In our study we also found
that Anatomy was considered as the most useful
subject for them in order to be a good clinician.
A good number of response was regarding subject
expert enthusiasm, careful presentation of the course
material and easy accessibility and friendly nature of
the teachers. Similar findings were appreciated by
Trevena 13 in his study and found that most of the
students were in favor of a teacher having required
content expertise, with good facilitation skills and an
enthusiasm
for teaching.
Slightly more than 1/3rd of interns felt that
Biochemistry lectures were interactive and more than
half of them opined that breadth of knowledge in
subject helped them to perform some of the common
clinical procedures. One of the most important
finding of that study was that good number of interns
were in favor of integration of basic sciences with
clinical subjects for better understanding of the
subject. These findings are in accordance with Shankar
PT et al who quote in their study that subjects are
taught to prepare students for assessments and
unfortunately the process of integrating with other
basic science and clinical subjects is not always
emphasized.14
More than 2/3rd of the interns felt that the grades for
continuous assessment and final examinations were
fair
and
reasonable.
The
laboratory
experiments/assignments helped them much during
their clinical years. We noted in our study that nearing
50% of them could not
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comment on the syllabus vastness and extensiveness.
This is contrast to the study by Shalini Gupta et al,
who mentions that curriculum overload especially in
anatomy is an important problem faced by students.
The students feel overburdened with the study of
different aspects of the subject and are able to devote
very little time to study other subjects.15 Most of the
physicians and medical educators believe that a
substantial portion of basic science knowledge learnt
in preclinical years is lost during the clinical years,5
but contradictory to this in our study more than half
of them opined that they were able to recall the
subject knowledge during relevant discussions in
clinical years.
Conclusion: In conclusion the interns have a positive
perception about the content,need and application of
biochemistry knowledge. The final goal of teaching in
a medical sector includes the attainment of
knowledge, skills, attitudes and morals required to
perform professional tasks safely and competently. In
order to achieve this interactive, practical/case
oriented and integrated teaching should be promoted.
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Letters to the Editor

Clear cell sarcoma of the
kidney occurring in an
adult
Sir,
A 25‑year‑old male patient presented with a history of
pain abdomen and mass per abdomen since 2 months.
On general physical examination pallor was present,
blood pressure was 120/80 mm Hg. Per abdomen
examination was soft, tender bimanually palpable
mass was present in left lumbar and hypochondriac
region.
Routine
hematological
investigations
showed hemoglobin of 8 g% and biochemical
investigations were normal. Urinary cortisol was
130.8 mg/day. Sonography revealed a mixed echoic
mass (16 cm × 15.8 cm × 15.2 cm) with few small cystic
lesions in the upper left quadrant in the upper pole of
the kidney. Computerized tomography (CT) showed
mixed density mass lesion (16 cm × 16.6 cm × 16 cm)
in left suprarenal region with mass effect. Inferiorly,
the lesion was seems to extend up to lower pole
of the left kidney; the fat plane was well‑defined.
The adrenal gland was not separated from the
lesion [Figure 1]. With the above features, a clinical
diagnosis of renal cell carcinoma was made and with
informed consent left radical nephrectomy with hilar
lymphadenectomy was performed. At surgery, the
tumor was found to infiltrate the psoas muscle through
gerotas fascia. Gross examination of the nephrectomy
specimen showed irregular mass arising from the

Figure 1: Sagittal section of the computerized tomography scan showing
large well‑defined mixed density mass lesion in the left suprarenal region.
Note the extension of the lesion up to lower pole of left kidney

upper pole (16 cm × 14 cm × 12 cm). Cut surface
revealed solid and cystic, a gray tumor with areas of
necrosis, myxoid, and cystic degeneration [Figure 2a].
Microscopic examination revealed tumor cells, round to
spindle with amphophilic to the vacuolated cytoplasm,
hyperchromatic nuclei with fine dispersed chromatin
and indistinct nucleoli. The cells were arranged in
sheets with a descriptive branching array of blood
vessels and also in pseudo rosette [Figure 2b and c].
The tumor cells were positive for vimentin [Figure 2d]
and negative for cytokeratin and carcinoembryonic
antigen (CEA). Lymph nodes were free of tumors
and no systemic metastasis on positron emission
tomography scan. With the above features a diagnosis
of clear cell sarcoma, stage 2 (according to updated
National Wilms Tumor Study 5 definition) was offered.
Clear cell sarcoma of the kidney (CCSK) is an
uncommon tumor with an incidence of 4% in children.[1]
Occurrence of this tumor in adults is rare with only few
case reports and short series.[2,3] The average age at
diagnosis is 2–4 years; however it has been reported in

a

b

c

d

Figure 2: (a) Gross photograph of a cut section of nephrectomy specimen
showing irregular mass arising from the upper pole it is solid gray‑white
in color with cystic and mucoid degeneration. (b) Microphotograph is
showing tumor cells, round to spindle with amphophilic to vacuolated
cytoplasm, hyperchromatic nuclei with fine dispersed chromatin, and
indistinct nucleoli. The cells were arranged in sheets with a descriptive
branching array of blood vessels (H and E, ×10). (c) High power of the
same (H and E, ×40).(d) Microphotograph showing diffuse positivity for
vimentin (vimentin, ×10)
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3‑day‑old infant and also in 65‑year‑old patient. Males
are commonly affected.[1,2] The tumor is distinct from
wilm’s tumor in having unfavorable prognosis, high
propensity for bone metastasis and better survival with
addition of doxorubicin to treatment protocol.[1,3]
These tumors arise from the medullary region of
the kidney. The exact cell of origin of this neoplasm
is not known. The absence of WT‑1 gene proves the
stem cell origin. Chromosomal translocation such
as (1;6) (p32.3;q21) and gain of chromosome 1q and
11q are also been reported.[4] The most characteristic
feature of CCSK is its propensity for metastasis with an
incidence of 40–60%. Bones are commonly involved
followed by lung, retroperitoneum, brain, liver,
nasopharynx, neck, scalp, epidural space, paraspinal
area, abdominal wall, axilla, and orbit. Bony metastasis
is both lytic and sclerotic.[5] The common differential
diagnosis of this tumor is wilm’s tumor in children,
and clear cell carcinoma and undifferentiated renal
neoplasm in adults. The absence of nephrogenic rests
and negativity for cytokeratin and CEA differentiate
it from wilm’s tumor.[4] In adult patients, this tumor
needs to be differentiated from clear cell carcinoma
and sarcomatoid carcinoma.[3]
Sonography is the initial modality of investigating
abdominal masses, it will identify the renal origin of
the mass and differentiate solid from cystic lesions.
CT shows inhomogeneous enhancement with
attenuation less than the normal kidney tissue but the
changes observed are nonspecific and can be seen in
all pediatric renal neoplasms. However, it will help
surgeon to localize the tumor and surrounding tissue
and gives a plane for surgery. As per the latest National
Wilm’s Tumor Staging‑5, CCSK at all stages is treated
with radical nephrectomy followed by chemotherapy
with vincristine, cyclophosphamide, doxorubicin,
and etoposide for 24 weeks and radiotherapy. The
overall survival recorded is 69%. The four prognostic
factors identified in the literature are (a) treatment with
doxorubicin (b) age (c) stage (d) presence of necrosis.
Follow‑up is essential for these tumors as there are
chances of recurrence.[4]
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Etizolam: Use and safety profile in children and adolescent
R.B. Nayak1*, S. Lohit2, S.S. Chate3, N.M. Patil3 and M. Mahesh1
1
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Medical Sciences & Hospital, Manjushree Nagar, Sattur, Dharwad, Karnataka, India and
3
Department of Psychiatry, JNMC and KLE Hospital, Nehru Nagar, Belagavi, Karnataka, India
Abstract: Introduction: Etizolam is a benzodiazepine that has anxiolytic, anticonvulsant, hypnotic, sedative,
amnesic, and muscle-relaxant properties. It is used in adults with anxiety, depressive, somatization symptoms,
generalized anxiety disorder, and panic disorder. Aims: The aim of the study was to chart review the use and
safety of Etizolam in children and adolescents. Settings and Design: This study was a retrospective chart
review. Methods: Patients who are on Etizolam and had at least 2 weeks follow-up were included for the study.
The indications, effectiveness, and adverse effects were noted. Statistical analysis used: Data was analysed
using Epi Info 7. Descriptive statistics were used. Results: 57 (38.51%) patients had been treated with Etizolam.
The mean age of children was 13.59 years (7-18 years). Amongst the patients prescribed Etizolam, 37 (64.91%)
had a data of follow-up of at least 2 weeks. 25 (67.57%) patients had moderate to complete improvement, 5
(13.51%) had mild improvement and 7 (18.92%) had no improvement. The adverse events were noted only in 3
(8.11%) patients. Conclusions: Etizolam is effective in treating common psychiatric symptoms and disorders in
children and adolescents and is well tolerated with minimal adverse effects.
Keywords: Benzodiazepine, Etizolam, Children, Adolescents
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Case report

Isolated Biventricular Noncompaction- An Undefined Entity
Prasad MR, SV Patted , PC Halkati, Ranjan Modi
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ABSTRACT

Keywords:

Noncompaction of the ventricular myocardium is a recognized primary genetic
cardiomyopathy characterized by a distinctive (“spongy”) morphological appearance of the left
ventricle1. It is a rare idiopathic cardiomyopathy with an incidence of about 0.05% 2,3. It is
classified by the American Heart Association as a primary genetic cardiomyopathy 1 and is
characterized by an altered myocardial wall with prominent trabeculae and deep
intertrabecular recesses. The diagnosis of ventricular noncompaction is usually made using
echocardiography and cardiac magnetic resonance imaging (MRI)1,2. We report a case of
isolated biventricular noncompaction with complaints of dyspnoea

Athlete PPLP,
Supplements Moringa Leaf Extract,
Honey, nutritional status,
total antioxidant levels.
Physical Fitness.

c

Copyright 2010 BioMedSciDirect Publications IJBMR - ISSN: 0976:6685. All rights reserved.

CASE REPORT
A 62 year old male non hypertensive non diabetic with no
significant family history presented with complaints of dyspnoea
NYHA grade II since last 2 years . No history of chest pain , no
history of palpitations, No history of cerebrovascular accidents or
any neurological deficit. No history of blackouts , giddiness.
Clinical examination revealed nothing significant except raised
jugular venous pressures .
Transthoracic echocardiography revealed LV and RV
noncompaction with mild LV systolic dysfunction (50%), Healed
vegetation with ruptured chordae of anterior mitral leaflet, Grade
2 mitral regurgitation , Grade 2 tricuspid regurgitation with
moderate pulmonary artery hypertension, Biatrial enlargement
with no clot.
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DISCUSSION
Noncompaction of ventricular myocardium is characterised
multiple prominent ventricular trabeculations with deep
intertrabecular recesses are seen. Prominent trabeculations are
a result of failure of the trabecular regression which occurs
during normal embryonic development of the heart4.This
regression results in a thickened bilayer of compacted and
noncompacted myocardium 5, which is caused by the arrest of
the normal process of endomyocardial morphogenesis. The
normal process of trabeculation seems be dependent upon
secretion of various neuregulin growth factors from the
endocardium. Angiogenic factors, such as vascular endothelial
growth factor and angiopoietin-1, have been documented to be
critical for normal trabeculae formation 6,7. The major clinical
manifestations of ventricular noncompaction are heart failure,
arrhythmias, sudden cardiac death, cardioembolic events, and
syncope 8-10.
The diagnosis of noncompaction of the ventricular
myocardium can be made by 2-dimensional and color Doppler
echocardiography (Figure).Color Doppler imaging
demonstrates blood flow through these deep recesses in
continuity with the ventricular cavity2. Isolated Noncompaction
of Ventricular Myocardium (INVM) is diagnosed when the
above criteria are satisfied and coexisting cardiac lesions, such
as semilunar valve obstruction and coronary artery anomalies,
are excluded.
Involvement of left ventricular apical and inferior wall
segments are diagnostic of INVM1. The right ventricular apex
was involved in 41%.The left ventricular apical and inferior wall
segments were involved in all patients in an adult population
with INVM studied by echocardiography 1 .In a study of 28
patients 8, in addition to the apical and mid-ventricular inferior
wall segments, the mid-ventricular lateral wall segment
involvement was seen in more than 80% of patients. Depressed
left ventricular systolic function was the rule, with a mean
calculated ejection fraction of 33% . Diastolic function by mitral
inflow and pulmonary venous flow Doppler was seen in 17
patients, with impaired function observed in all, including a
restrictive filling pattern in 36%. Hypokinesis was observed
occasionally in normally compacted segments as well as in the
noncompacted segments of the left ventricle,8 which may
correlate with the observation of microcirculatory dysfunction
in both noncompacted and “normal” segments in patients with
INVM.
Chin et al 11described a quantitative approach to diagnose
noncompaction using a trabeculation peak to trough ratio, but it
has not been used widely in clinical practice12,13 .Oechslin et
al14 and Jenni et al15 described the abnormally thickened
myocardium as a 2-layered structure, with a normally
compacted epicardial layer and a thickened endocardial layer.
They proposed a quantitative evaluation for the diagnosis of
INVM by determining the ratio of maximal thickness of the
noncompacted to compacted layers (measured at end systole in
a parasternal short axis view), with a ratio >2 diagnostic of
INVM. This technique allowed differentiation of the
trabeculations of INVM from that observed with dilated
cardiomyopathy or hypertensive cardiomyopathy.15
MRI is also being used to detect ventricular noncompaction
and has the advantage of good spatial resolution at the apex and
lateral wall of the left ventricle16 .In the current literature we
found no special definition of RV noncompaction, but some
authors suggest that the definition for the left ventricle can be
applied17. In the present patient, the diagnosis of left ventricle

noncompaction was undoubted; however, visualization of the
right ventricle was more difficult due to its irregular shape.
Therefore, diagnosis of RV noncompaction seems to be more
difficult. An important differential diagnostic consideration is
the presence of prominent trabeculations as a common variant
of normal hearts, but these, however, most often course from the
free wall to the ventricular septum.18.In the patient reported
here, the ventricular septum was almost normal and the
noncompaction affected the free wall and the apex of the right
ventricle.
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ABSTRACT
Objectives: Morphometric and morphological study of the bones play an important role in determination of sex, age and identification of an individual and skull is the second important tool to pelvis in this regard. Mastoid process is a dimorphic bone situated
at the basolateral region of the skull and remains least damaged due to its position. This study was an attempt to evaluate the
use of mastoid process in the determination of sex.
Methodology: This cross sectional study was carried out in the settings of Department of Anatomy and Forensic Medicine at
North Karnataka for the period of one year from July 2014 to June 2015. A total of 100 complete undamaged dried skulls of
known sex were used for the study, (50 male and 50 female skulls). Length of the mastoid process on both sides was recorded
using the Frankfurt’s plane. Measurements were taken by using Vernier caliper.
Results: The mean mastoid process length among males at right was 30.20 ± 2.64 mm and at left it was 30.70 ± 3.09 mm compared to 26.20 ± 2.57 mm in females at right and 26.20 ± 3.49 mm at left respectively. The difference observed was statistically
significant (p<0.001).
Conclusion: The mastoid length in females is significantly less compared to males at right as well as left.
Key Words: Mastoid process, Mastoid process length, Skull, Sexual dimorphism

INTRODUCTION
Identification of an individual and sex is one of the important factors in many circumstances like, mutilated bodies,
skeletal remains, wars, and suicide and homicide cases. In
the living identification is easy as many characters, particular physique and traits are unique to the individuals. But in
cases of fragmented and mutilated bodies it is very difficult
to identify the individual. Study of skeleton using individual bones exhibiting sexual dimorphism has been reported
among different populations.1
Determination of the sex of human or human skeletal remains
is an important initial step in its identification. This skillful
process is carried out by forensic and anatomy experts.
Anthropological knowledge of human skeleton is one of the
important parameters in identification of this biological profile.2 The first indicator for the sex determination is the pelvic bones and pelvis which is more accurate than the skull

bones.3 The above study also confirmed by Saini et al,4 in
2012. Several studies have shown that cranium is also an
excellent indicator for sexual dimorphism by morphometric
and morphological analysis. It is probably the second best
region of the skeleton next to the pelvis for this purpose.5
Krogman states that skull is the most dimorphic and easily
sexed portion of skeleton after pelvis, providing up to 92%
reliability6 Bayers2 and Pickering and Bachman7 also presented that skull plays the second best role to estimate the sex of
the dead body.
The skull measurements vary significantly in different populations of the world. The mastoid process of the skull plays
a vital role in determination of the sex as it is the most dimorphic bone present at the baso-lateral region of the skull.
It is least vulnerable in this position. The mastoid region is
favorable for sex determination for two reasons, the compact nature of the petrous bone and its protected position in
the skull. Even in old age it remains intact. Usually skull is
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heavier in males as compared to females. Same thing holds
good to mastoid process also, i.e. larger in males than in females. But it is subjective and it cannot be relied. A number
of research studies have done in western countries on these
aspects. Nagaoka T method was employed by some experts
using two parameters on both sides of skull i.e. height and
width of the mastoid.8 Some researchers used the triangular area between the points porion, mastoidale and asterion,
measured from xerographic copy of skulls.9 Very few works
have been done on this in India especially in Northern Karnataka population. Considering this entire scenario an attempt
is made to determine the sex by using the mastoid length in
this area. In present study 100 adult human dried skulls (50
male and 50 female skulls) of North Karnataka population
were studied to determine the sexual dimorphism of mastoid
process. A quantitative blind study of the mastoid length was
studied by using the Frankfurt’s plane.

right side. (Range- 21.04 to 33.3).The standard deviation
obtained was 3.57. (Table.No.1). Mastoid mean length is
greater in males than in females which was significant (p
value <.001).

MATERIALS AND METHODS

From the above study it showed that in male skulls the
mastoid length was more as compared to females, p<0.001
which was significant. Applying Gausian distribution rule
there was no significant mean length difference on right and
left side mastoid length measurements.

This cross sectional study included 100 dried skulls of known
sex, (50 male and 50 female skulls) taken from KLE University’s department of Anatomy and Forensic Medicine. Written permission was taken from the respective departments.
Adult normal skulls without any damage were taken for the
study. Deformed skulls were excluded from the study. All
were native of North Karnataka Region.
Frankfurt’s plane was chosen and marked on the skull. This
line starts from the infraorbital margin, and upper border of
the external acoustic meatus. (Figure 1). From this line on
the mastoid process a vertical length was measured up to the
tip of the mastoid process.10 With the help of digital verneir
caliper length of the mastoid process was taken from the upper border of the external auditory canal at the level of the
Frankfurt’s plane to the tip of the mastoid process on both
sides. Figure 2 shows the measurement of the length of the
mastoid process.

Statistical methods

The mastoid process length of skulls was expressed as mean
± standard deviation (SD0 and median with range. The comparison of mean length was done using independent sample
‘t’ test. Probability value (p) of <0.050 was considered as
statistically significant.

RESULTS AND DISCUSSION
The results obtained from the observation showed that, the
mean mastoid length in male was 30.2mm (Range- 25.2 to
36.65) with the standard deviation of 2.64 on right side. In
female skulls the mean mastoid length was 26.2mm on the
Int J Cur Res Rev | Vol 8 • Issue 4 • February 2016

The male left side mastoid mean length showed 30.7mm
(Range 24.02 to 36.7) with the standard deviation of 3.09.
Whereas left side female mastoid mean length was 26.2 mm
with the range of 21.03 to 33.30. The standard deviation obtained was 3.49. (Table No. 1.).In left side also the sexual
dimorphism was significant as the p value is <0.001.
In males mean difference between Right and Left side is 0.49
with the standard deviation of 1.77. (Paired t=1.179). No
significant mean difference found in both right and left side
(p=0.053). In females mean difference between Right and
Left side is0 .01with the standard deviation of 1.63 (Paired
t=0.055). There was no significant mean difference found in
Right and Left side (p=0.956).

Hoshi H11. Studied the mastoid process length and divided
the mastoid process into three categories viz, M, N and F
types. Male, neutral and female categories. As the mastoid
length is more in males as compared to females, skull lies
on mastoid process in males and lies on occipital condyles in
females when skulls are kept on flat surface.
Many studies have been conducted on mastoid length in
western countries. In Caucasian population,12 the mean mastoid length was 28.06 mm in males and in females it was
25.10 mm. As compared to Negroes, mean length was less in
Caucasians. In Nigroes male mastoid length was 30.32 mm
whereas female mastoid length was 26.34mm. Our study
is comparable to Negro population. Mastoid length measured by the use of points porion, mastoidale and asterion is
the best method for the sexual dimorphism.13. Still mastoid
length was used as the better predictor for the sexual dimorphism.14 Sumati and Puranik also computed that the sex determination by measuring the mastoid length in North Indian
population.15 Same study also done in China by Song et al.16
and in India by Patil and Mody.17
In our study, it showed clearly that there was variation between male and female mastoid length. Statistically also it
was proved that t-test and p values showed significant difference between male and female mastoid length i.e. p<.001.
The present study supports the mastoid length as the tool for
sex determination.
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CONCLUSION

6.

Present study showed that mastoid length is less in females as
compared to males which is also proved statically (p<.001).
This shows that mastoid length is the reliable parameter for
sexual dimorphism as our study supports other studies conducted worldwide and also in Indian population.

7.
8.

9.

ACKNOWLEDGEMENT

10.

I am very thankful to Shri M. D. Mallapur Professor Department of Community Medicine who helped me in stastical analysis of this study. I also thankful to Mr. Harinarayan
and Mr. Shalik who helped me in taking photographs in this
study.

11.
12.
13.

REFERENCES
1.
2.
3.
4.
5.

14.

Bilge Y, Kedici PS, Alacoc YD, Ulkuer KU, Likyaz YY. The
identification of a dismembered human body; A multidisciplinary approach. Forensic Sci Int 2003; 137(2-3):141-6.
Bayers SN. Introduction to Forensic Anthropology. Boston:
Pearson Education; 2008.
Phenice TW. A newly developed visual method of sexing the os
pubis. Am J Phys Anthropol 1969;30:297-301.
Saini V, Srivastava R, Rai RK, Shamal SN, Singh TB, Tripathi
SK. Sex estimation from the mastoid process. Rev Hosp Clin
Fac Med S Palo 2012;58(1):15-20.
Bass WM. Human Osteology; A Labortary, Field manual of the
Human Skeleton. Columbia: Missouri Archeological Society;
1971.

15.
16.
17.

Spradley MK, Jantz RL. Sex estimation in forensic anthropology: skull versus postcranial elements. J Forensic Sci
2011;56(2):289-96.
Bachman DL, Pickring RB. The use of Forensic Anthropology.
Boca Raton, FL: CRC Press; 1977.
Nagoka T, Shizushima A, Sawada J, Tomo S, Hoshino K, Sato
H, et al. Sex determination using mastoid process measurements: Standards for Japanese human skeletons of the medieval
and early modern periods. Anthropology Sic 2008;116: 105.3.
Paiva LA, Segre M. Sexing the human skulls through the mastoid process. Rev Hosp Clin Fac Med 2003;58/1:15-20.
Passey J, Mishra SR, Singh R, Sushobhana K, Singh S, Sinha
P. Sex determination using mastoid process. Asian J Med Sci
2015;6(6):93-5.
Hoshi H. Sex difference in the shape of the mastoid process in
norma occipitalis and its importance to the sex determination of
the human skull. Okajma’s Folia Ana Japonica 1962;38:309-17.
Giles F, Elliot U. Sex determination by discriminant function
analysis of crania. Am J Phys Anthropol 1963;21:53-68.
Nidugala H, Avadhani R, Bhaskar B. Mastoid process- A tool for
sex determination, an anatomical study in South Indian skulls.
International J Biomed Res 2013;04(02): 106-10.
Dasgupta A, Banerjee A, Kumar A, Rao SR, Jose J. Discriminant Function Analysis of mastoid Measurements in sex determination. J Life Sci 2012;4(1):1-5.
Patnaik SVVG. Determination of sex from mastoid process by
discriminant function analysis. J Anat So India 2010;59(2):2228.
Song HW, Lin ZQ, Jia JT. Sex diagnosis of Chinese skulls using
multiple stepwise discrinant function analysis. Forensic Sci Int
1992;54(2);135-40.
Patil KR, Mody RN. Determination of sex by discriminant function analysis ans stature by regression analysis a lateral cephalometric study. Forensic Sci In 2005;147(2-3):175-80.

Table 1: Measurement of mastoid length in males
and females at right and left side
Mastoid length (mm)
Side

Male (n=50)

Female (n=50)

p value

Mean

SD

Mean

SD

Right

30.20

2.64

26.20

3.57

<0.001*

Left

30.70

3.09

26.20

3.49

<0.001*

*Statistically significant

Figure 2: Showing the measurement of the length of mastoid
process using the Frankfurt’s plane.

Figure 1: Showing the Frankfurt’s plane.
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Abstract
Background: Effective, scalable strategies to improve maternal, fetal, and newborn health and reduce
preventable morbidity and mortality are urgently needed in low- and middle-income countries. Building on
the successes of previous checklist-based programs, the World Health Organization (WHO) and partners led
the development of the Safe Childbirth Checklist (SCC), a 28-item list of evidence-based practices linked with
improved maternal and newborn outcomes. Pilot-testing of the Checklist in Southern India demonstrated
dramatic improvements in adherence by health workers to essential childbirth-related practices (EBPs). The
BetterBirth Trial seeks to measure the effectiveness of SCC impact on EBPs, deaths, and complications at a
larger scale.
Methods/design: This matched-pair, cluster-randomized controlled, adaptive trial will be conducted in 120
facilities across 24 districts in Uttar Pradesh, India. Study sites, identified according to predefined eligibility
criteria, were matched by measured covariates before randomization. The intervention, the SCC embedded in
a quality improvement program, consists of leadership engagement, a 2-day educational launch of the SCC,
and support through placement of a trained peer “coach” to provide supportive supervision and real-time
data feedback over an 8-month period with decreasing intensity. A facility-based childbirth quality coordinator
is trained and supported to drive sustained behavior change after the BetterBirth team leaves the facility.
Study participants are birth attendants and women and their newborns who present to the study facilities for
childbirth at 60 intervention and 60 control sites. The primary outcome is a composite measure including
maternal death, maternal severe morbidity, stillbirth, and newborn death, occurring within 7 days after birth.
The sample size (n = 171,964) was calculated to detect a 15% reduction in the primary outcome. Adherence
by health workers to EBPs will be measured in a subset of births (n = 6000).
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The trial will be conducted in close collaboration with key partners including the Governments of India and
Uttar Pradesh, the World Health Organization, an expert Scientific Advisory Committee, an experienced local
implementing organization (Population Services International, PSI), and frontline facility leaders and workers.
Discussion: If effective, the WHO Safe Childbirth Checklist program could be a powerful health facilitystrengthening intervention to improve quality of care and reduce preventable harm to women and newborns,
with millions of potential beneficiaries.
Trial registration: BetterBirth Study Protocol dated: 13 February 2014; ClinicalTrials.gov: NCT02148952;
Universal Trial Number: U1111-1131-5647.
Keywords: Cluster-randomized controlled trial, WHO Safe Childbirth Checklist, Maternal health, Newborn
health, Perinatal health, Stillbirth, Coaching, Supportive supervision, Quality improvement, India

Background
Maternal and neonatal morbidity and mortality remain
unacceptably high, despite a focus on improving the
health of pregnant women and newborns through
Millennium Development Goals 4 and 5 [1–3]. Gaps in
care during labor, delivery, and the early neonatal period
are well-recognized, yet few simple and scalable strategies have proven to be effective to support health
worker adherence to clinical, essential childbirth-related
practices (EBPs). Poor quality of care is of particular
concern in low- and middle-income countries where the
majority of avoidable maternal, fetal, and newborn morbidity and mortality occurs [1, 2, 4].
One current global strategy is to shift childbirth from
the home to facilities, but evidence suggests that facilities in many high-risk areas may be ill-prepared to
safely care for the increased patient load that this would
generate. The example of India is illustrative. As part of
the National Health Mission’s (NHM) Reproductive and
Child Health Program, the Government of India (GoI)
launched in 2005 the Janani Suraksha Yojana (JSY), a
scheme to promote institutional deliveries by linking
cash incentives for patients and Accredited Social Health
Activist (ASHA) workers with delivery and post-delivery
care at the facility. Cost reimbursement is also provided
for transport to and from health facilities [5]. From 2005
to 2010, JSY has resulted in a marked increase in the
number of institutional deliveries (25% to 53.3%), but
poor quality of care has limited the potential benefits of
facility-based delivery to these women and their neonates [6]. Identifying and instituting effective, scalable
interventions at health facilities is critical to improving
quality and safety of childbirth.
Checklist-based programs have been used with increasing spread and effect in health care to help providers translate evidence into high-quality patient care
[7]. This approach to improve quality has been shown to
significantly improve health outcomes in intensive care
medicine and surgery, including in low-resource settings
[8, 9]. To translate this approach to reduce maternal and

newborn harm, a partnership between the World Health
Organization (WHO) and more than 100 frontline
health workers and technical experts was established to
develop a safe childbirth checklist program. The WHO
Safe Childbirth Checklist (SCC) is comprised of 29
evidence-based practices that are associated with improved maternal and newborn outcomes. Over a 2-year
period, the SCC was developed through a systematic
process including evidence and guideline review, extensive consultation with content experts and potential
users, and field evaluation for usability in Africa, Asia,
and the Middle East [10]. Checklist items address the
major causes of maternal and newborn mortality in
resource-limited settings. The SCC is focused on care
delivered in facilities for births at term gestation as term
delivery represents the overwhelming majority of births.
The Checklist is designed to address quality of care at
four critical periods in the birth continuum: on admission to facility, at the time of pushing (or before
cesarean delivery), soon after birth (within 1 h), and at
discharge (see Additional file 1: Figure S1).
Limited data are available on the impact of SCC-based
programs on the uptake of EBPs and no published studies have examined the impact on maternal and infant
mortality and morbidity [11, 12]. In 2010, the SCC program was pilot-tested at a public-sector, subdistrict-level
hospital in Karnataka, India [11]. Through a pre-post
intervention design, the program’s impact on health
workers’ adherence to EBPs was assessed. The SCC program resulted in dramatic improvements in adherence
(increase from mean of 10/29 (34%) to 25/29 EBPs
(86%), p < 0.001). While the pilot study demonstrated
that the SCC program improved health worker performance, the study was not powered to detect a change in
maternal and perinatal health outcomes. In Sri Lanka,
the results of SCC program implementation at a
tertiary-level hospital were assessed through surveys of
birth attendants, who reported an average of 21 out of
29 EBPs conducted around the time of each delivery
[12]. While adherence to the Checklist is important,
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understanding the impact on maternal/neonatal harm is
essential for providing evidence to support broad-scale
expansion of the SCC-based programs.
The BetterBirth Trial will measure the impact that the
BetterBirth approach (checklist + coaching + data feedback) has on deaths and complications in institutional
childbirths through an adaptive, matched-pair, clusterrandomized controlled study. The study will take place
in the state of Uttar Pradesh (UP), India, a largely rural
state with among the highest rates of maternal and newborn mortality in India and globally. It is anticipated that
results from the BetterBirth Trial will be used to inform
policy-making and program development to improve
quality of care and clinical safety using the SCC for
mothers and their newborns in India and other highburden countries.

monotonic imbalance bounding matching method that
estimates causal effects by reducing imbalance in covariates between treated and comparison groups [13–15].
Matching will increase statistical power and efficiency,
and robustness to experimental failures [14, 16, 17].
Facilities will be matched based on functional classification (PHC, CHC, or CHC/first referral unit (FRU));
geographic location (i.e., distance to district hospital
(DH)); annual birth volume; and number of birth attendants. Within each matched pair of clusters, one
site will be randomized to receive the intervention
and the other will be the control site. Baseline facility
data will be compared to assure that matching was
successful. If a facility that is enrolled in the trial
exits the trial after enrollment, the paired facility will
also be dropped.

Methods/design

Setting

Trial design

Uttar Pradesh is India’s most populous state with
more than 203 million people; 29.4% live below the
poverty line and 77% live in rural areas [18, 19]. In
UP, 773 CHC facilities and 3497 PHC facilities provide services to the population [20]. National initiatives aimed at improving maternal and newborn
health in India, including JSY, have resulted in dramatic increase in rates of institutional delivery, from
17.5% in 2005 − 2006 to above 50% in 2008 [21].
However, high rates of maternal and neonatal mortality persist; the maternal mortality ratio is 258 deaths/
100,000 live births and the neonatal mortality rate is
49 deaths/1000 live births in UP [22].

Using a matched-pair, cluster-randomized controlled design, the intervention will be delivered at the facility (i.e.,
cluster) level with the primary outcome measured at the
individual level (i.e., mother, fetus, or newborn). The
SCC program will be introduced at 60 facilities (intervention arm); the other 60 facilities will receive standard
of care services (control arm; 120 sites total). Facilities
will be enrolled as a matched pair (one intervention and
one control site) at the same time. All 60 pairs will be
initiated in a staggered fashion over a 15-month period.
In each matched pair, data collection for primary outcomes will initiate 7 − 10 weeks after coaching begins in
the intervention and continue for up to 12 months.
Study sites will be identified from across UP, selected
according to predefined eligibility criteria. Criteria include
accessibility to investigators; a government-accredited
health center at the primary (PHC), or community (CHC)
level; three or more birth attendants on the staff who have
training at the level of an auxiliary nurse midwife or
higher; a birth volume of at least 1000 births annually; absence of ongoing research or other interventions that
could confound trial results; and willingness of administrative and clinical leaders to participate. Only public sector health facilities will be enrolled.
Uttar Pradesh has 75 administrative districts. To
maximize representation and to facilitate administrative processes, five geographic “hubs” spread across
the state will be selected based on maximizing (1)
rates of institutional births, (2) absence of concurrent
institutional childbirth quality improvement programs,
and (3) prioritization by the Government of UP. Each
hub will be comprised of four to six districts with approximately 20 enrolled facilities per hub.
Matched-pairing of study sites before randomization
will be conducted by coarsened exact matching, a

Study population

Women presenting for childbirth at study facilities and
their newborns will be enrolled, excluding those who
have been referred into the facility by interfacility transfer and excluding women who are being managed for
abortion. Women or newborns from enrolled sites who
are referred out to another facility (before or after
delivery) will remain in the study with their outcomes allocated to the referring facility.
Health care workers providing services during childbirth will also be enrolled if they consent for observation
of EBPs and participation in Checklist acceptability and
utilization surveys.
Study site enrollment

Approval and support will be obtained from district
chief medical officers, after which facilities will be
approached for participation. The program will be outlined to facility leadership including the head of the facility (i.e., medical officer-in-charge (MOIC) or medical
superintendent (MS)) from whom a formal commitment
to participating in the study will be obtained.
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Intervention

The SCC, a bedside tool, prompts health workers to conduct essential, evidence-based childbirth practices. The
SCC is included in the Government of India Maternal and
Neonatal Health Toolkit (http://nrhm.gov.in/images/pdf/
programmes/maternal-health/guidelines/MNH_Toolkit_23_11_2013.pdf); however, it has not been used widely.
The investigators worked with the GoI and UNICEF-India
to align the SCC with national guidelines (Additional file
1: Figure S1). The adapted checklist used in the BetterBirth Trial has 28 items to be conducted at four junctures
(“pause points”) in clinical care: on admission, at the time
of pushing (or before cesarean delivery), soon after birth
(within 1 h), and at discharge.
The BetterBirth approach is designed to maximize the
likelihood of successful introduction of the Checklist
into clinical practice and will be based on a model for
facilitating change that consists of Engage, Launch, and
Support based on five key messages (Table 1). Within
each hub, an implementation team consisting of a senior
coach manager (physician or public health practitioner
with 8 − 10 years of experience), coach team leaders (a
physician or trained public health practitioner with at
least 4 years of experience) and nurse coaches trained in
childbirth practices, SCC use and coaching techniques
will provide support for facilities. Typically, a coach
manages two to four facilities at any given time; a coach
team leader can manage four to five facilities at one
time.
Engage

At each facility, the team leader will engage the senior
administrative and clinical leaders of the facility to discuss current childbirth-related maternal and child health
issues and the potential applicability of the SCC to the
facility.
Launch

The coach team leader and coach will provide a 2-day
orientation to the SCC and quality of care at childbirth,
using an implementation flipbook and conceptual videos
Table 1 Five key messages of the SCC program
1. You can prevent complications: Most conditions leading to maternal
and newborn deaths can be avoided by simple actions. The
BetterBirth Checklist Program will help you overcome the challenges
of providing consistently safe care during childbirth.
2. Pause for 4 Pause Points during childbirth care: There are 4 Pause
Points during childbirth when it is important for you to be sure that
the woman and baby are safe.
3. Perform Essential Actions at each Pause Points: At each Pause Point,
you must complete a set of Essential Actions.
4. Prepare for routine care and possible crisis situations: Preparing for
each Essential Action will help prevent crisis situations. Preparation
occurs in advance.
5. Empower women and their companions: Women and their
companions can help you to keep the woman and baby safe.
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to illustrate how the Checklist could be integrated into
care and utilized correctly. Further, a gap analysis is conducted with facility staff to identify issues that deter staff
from providing the best care.
Support

In each facility, a locally designated Childbirth Quality
Coordinator (CQC) will be identified within the first
2 months and trained to help lead implementation and
improvement efforts at that site. Following the launch,
the team leader will continue to visit each facility regularly
(initially weekly, then fortnightly, and finally monthly) to
provide support to the CQC and administrative leaders including addressing system barriers to effective SCC use
such as birth supplies and staff turnover. Over an 8month period, the coach will visit each facility twiceweekly for the first 4 months, then weekly for 2 months,
then every 2 weeks for a month, with one final visit in the
8th month. Coaches will observe the birth attendant, record the birth practices, and identify barriers that prevent
implementation of best practices. Coaches diagnose behavioral barriers along with the birth attendants. Observations will be entered into a mobile application (app) and
heat-maps of behavior over time will be automatically
generated. At each visit, the coach will review progress, including review of completed SCCs since the prior coaching visit and heat-maps, and tailor the coaching to address
gaps in clinical practices, overcome the identified barriers,
or issues related to supplies, and will coach the birth attendants in effective checklist use. Checklist utilization
will be monitored and followed up over time by the team
leader, coach, and the facility-based CQC to ensure barriers to Checklist use, including supplies, are identified
and addressed with the caregiver and district and facility
leadership, if necessary. No clinical skill training and no
additional commodities are supplied by the intervention
team to the facility.
There will be no intervention initially in the comparison arm clusters apart from the introduction of a standardized birth register for data collection (see below). At
the conclusion of the trial, components of the intervention will be rolled out to all facilities if the program is
effective.
Outcomes

The primary outcome is a summary composite measure of maternal death, maternal severe morbidity,
intrapartum-related stillbirth, or newborn death occurring within 7 days after birth (see Table 1). A composite metric was selected because the SCC program is
intended to reduce harm for both women and newborns,
and is also meant to influence intrapartum management
thereby reducing fetal harm. The primary outcome will be
measured by examining each of the component outcomes
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separately and subsequently using a test with three degrees of freedom to assess the causal effects of the three
outcomes on the composite measure. Outcomes occurring
during delivery or within 7 days postpartum will be captured as the SCC program is anticipated to have beneficial
effects that extend into the early postpartum period. In
addition, most women and newborns in the trial setting
leave the facility soon after birth (many in under 12 h) and
hence a substantial number of very early outcomes would
be missed if the data collection was limited to in-hospital
occurrences.
Maternal severe morbidities are included in the composite to provide a measure of effect on maternal health,
since the relative infrequency of maternal death is impractical to use as a sole indicator of maternal harm
[23]. The WHO has published clinical, laboratory-based,
and management-based criteria for defining maternal
near-missed events (sometimes called “life-threatening
conditions”) [24, 25]. In this trial, the WHO near-missed
death criteria have been modified to contain a set of five
clinical conditions that can be practically captured by
self-report. The occurrence of any one of these five conditions will constitute a maternal severe morbidity.
Management-based criteria including blood transfusion,
hysterectomy and return to the health facility for a problem will not be included in the composite measure, but
will be analyzed separately.
Prespecified secondary outcomes in the trial are listed
in Table 2. Additional outcomes include the impact of
the intervention on resource availability of essential
childbirth commodities; Checklist utilization; costeffectiveness; rates of medication administration; patient
satisfaction with delivery experiences; family planning
decisions; and health worker attitudes relating to safety
of mothers and newborns (see Additional file 2 and Additional file 3: Figure S2).
Table 2 Primary and secondary trial outcomes
A. Combined maternal, fetal and newborn outcome: composite rate of
maternal death by 7 days, intrapartum-related stillbirth, early neonatal
death by 7 days, and maternal severe morbidity by 7 days. [Primary
outcome]
B. Maternal outcomes: Rate of maternal death (by 7 days), rate of
maternal severe morbidity (by 7 days), rate of inter-facility transfer,
blood transfusion, hysterectomy, facility revisit, and C-section rate.
C. Newborn outcomes: Rate of intrapartum-related stillbirth, rate of early
neonatal death (by 7 days), facility revisit, and rate of inter-facility
transfer.
D. Rates of adherence by health workers to essential childbirth practices:
In a sample of total births, uptake of the following practices will be
assessed: maternal temperature obtained on admission, maternal
blood pressure obtained on admission, partograph use, appropriate
hand hygiene (use of soap and water, and wearing clean gloves) by
health workers before 1st vaginal examination, oxytocin
administration within 1 minute after birth, appropriate intervention
for the newborn if apneic at birth, newborn weight and temperature
obtained within 1 hour after birth, and initiation of breastfeeding
within 1 hour after birth.
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Essential childbirth-related practices

For a subset of births (approximately 6000), birth attendant behaviors will be directly measured by independent nurse observers to measure the impact of the
SCC program on delivery of individual EBPs at the first
three of the four junctures: admission, before delivery
and within 1 h after delivery (see Table 2). Observation
is not made at the time of discharge due to the variety
of times at which women are discharged. Data will be
collected in intervention and control sites (see Additional file 2 and Additional file 3: Figure S2).
Data collection
Mortality and morbidity primary outcome

Building upon the existing facility-based birth registers
in UP, a standardized birth register will be implemented
at each study site from which we will extract demographic information relating to the mother and baby;
contact information for the family and the family’s community health worker; and in-facility survival outcomes
for each mother-baby dyad. Field-based study data collectors will extract the required data and enter the data
into a password-protected software application using
mobile technology, which will be automatically uploaded
to a firewalled, HIPAA-compliant server.
A call center staffed by trained data collectors using
standardized scripts will determine outcomes by computer-assisted telephonic interviews (CATI). This tool was
developed in consultation with a local communication
specialist to best suit the local language, terminology, and
sensitivity towards local cultural norms.
The call center staff will attempt to follow up all
mother-baby dyads between 8 to 21 days post childbirth
to determine patient- or family-reported 0–7-day morbidity and mortality outcomes. Call center staff will call
the mother (or if mother is unavailable, the woman’s
husband or other immediate family member), reconfirm
consent, and, if received, conduct the interview. If contact cannot be completed by telephone, the case will be
transferred to field-based data collectors for follow-up
through home visit. The field team will visit the home,
reconfirm consent and, if received, the field-based data
collector will hand a telephone to the woman/family
member to go through the CATI interview with call center staff to gather the outcome and patient satisfaction
information, or a field worker will collect the data directly if telephone communication cannot be established.
Follow-up data will be entered simultaneously into a
database using a web-based form integrated with a mobile application.
Essential childbirth-related practices

In a subsample of birth events at 30 sites (15 pairs), adherence by health workers to essential practices outlined
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on the checklist will be assessed starting approximately
8 weeks after the launch of SCC use; additional assessments of EBP will be done 6 and 12 months after the
launch. Trained nurse data collectors will directly observe the health workers who attend to women and newborns during their labor and delivery at three of the four
checklist pause points. Data were not collected at the
fourth checklist pause point due to the variety of times
at which women are discharged. Data will be recorded
on standardized data collection forms (paper-based) and
will immediately then be entered into a mobile
application.
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observe data collectors to assess consistency and accuracy of observation and data recording and proper transfer of data from paper-based to electronic data
collection. Further, a call center validation process will
be focused on ensuring the validity of call centercollected data compared to home visit-collected information. Finally, the data entry system has built-in quality
controls to prevent incorrect data entry (e.g., postpartum
complication occurring before admission date) or provide an alert when illogical or out-of-range values are
entered.
Power analysis

Facility, safety attitudes, checklist utilization, and patient
satisfaction surveys

Three surveys will be implemented at study facilities to
understand facility supply availability, health workers’
attitudes about safety and quality of care, and in the
intervention sites, health workers’ use of the checklist.
In order to obtain data on availability of safe birth supplies, a facility survey will be completed in all 120 facilities at baseline and every 3 months thereafter. The
health worker safe attitude surveys will be completed at
baseline and every 6 months after the study starts in all
120 sites. Checklist utilization surveys will be completed
in the 60 intervention sites at baseline and at 6 and
12 months after intervention initiation.
In the morbidity/mortality outcome interviews of the
mother-infant dyads, the interview will finish with patient satisfaction questions, inquiring about satisfaction
with delivery experience, understanding of postpartum
danger signs, and provision of family planning options.
Quality control

A robust quality control and monitoring (QCM) component has been developed to maximize the likelihood of
quality and consistency in the implementation of the
intervention package and assess data quality. The QCM
system will have two main components: progress reporting by the implementation teams and in-person monitoring visits by designated supervisors. The coach and
coach team leader will record qualitative information
and review reports with their supervisors. Team leaders
will visit sites regularly to directly observe the quality of
intervention implementation, collect data on implementation progress, and measure achievements around (1)
rate of Checklist use (compliance), (2) the proportion of
cases for which the Checklist was completed, (3) the frequency of coaching visits maintained, (4) the proportion
of birth attendants who received training, and (5) skill
transfer to the CQCs.
The data quality assurance process has been developed
to focus on the accuracy, validity and consistency of research data collected. Supervisors (team leaders) will

The nature of the SCC program as a health facility
innovation precludes randomization at the individual patient level; thus, the study is randomized at the cluster
(i.e., public sector facility) level. Estimating intracluster
correlation coefficients (ICCs) is necessarily based on extrapolations from prior studies. ICC estimates have been
derived for maternal and newborn health from the 2005
WHO Global Survey on Maternal and Perinatal Health
[26]. Considering these available data, and following discussion with experts in biostatistics, we therefore assume
the relatively conservative ICC estimate of ICC = 0.01.
Based on available birth delivery load data, we expect
the average cluster size to be 1440 births.
Data available from UP suggest that the baseline rate
of the primary (combined) outcome may be as high as
120/1000 live births. The baseline rate used in this study
will be 60/1000; this is purposively set lower than the estimation due to possible inaccuracies in published data
and because available data include community-based
birth events, which may have higher mortality rates.
Based on existing health indicators in UP, and the results of the SCC program pilot study that demonstrated
marked improvement in health worker performance, it
is proposed that the detection of up to a 15.3% reduction
in primary outcome with the SCC program is achievable
and meaningful in this population. The result (using an
ICC = 0.01 and a matching design effect of 0.55) is a trial
enrolling 120 facilities (60 pairs of facilities) for a maximum of 171,964 births (approximately 86,000 births in
each arm) with 80% power and an alpha value of 0.05.
We may have a larger sample size enrolled in order to
attain balanced pairs and similar cluster sizes as well as
stop the pairs at a similar time point. However, we will
have 80% power to detect a smaller reduction (as small
as 10%) in the primary outcome, if the matching effect is
ultimately stronger than this conservative estimate.
Sample size for essential childbirth-related practices (EBPs)

Structured observation of birth attendant performance
will be performed on a subsample of births (n = 6000)
and assess individual behavior observations at each of
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three SCC pause points (1 observation point for the first
2 pause points, 2 observation points for pause point 3).
This will be observed from 15 matched pairs of facilities
(30 facilities), or 25% of the total study facilities. For a
given EBP, we will measure the outcome at 7–10 weeks
of coaching with an ICC = 0.01 and DeffM = 1. To assess
sustainability of intervention impact, EBP observations
will be repeated at 6 months and 12 months after intervention initiation. Observations will be conducted on individual birth practices (60 births per facility × 30
facilities × 4 observation points), the Rao-Scott chisquare test statistic will have greater than 80% power
(with a 5% type I error) to detect a minimum difference
in rates between the intervention and control sites of 8.5
per 100 (8.5%).
Data Safety Monitoring Board

A Data Safety Monitoring Board (DSMB) will be established to oversee the safety and scientific accuracy of the
study. The DSMB will contain at least three members
external to the study team with at least two members
based in India. All members will have familiarity with research in low-resource settings and an understanding of
the conditions specific to UP. Membership will include a
chairperson and individuals with expertise in biostatistics, obstetrics and neonatal care. The primary responsibilities of the DSMB will be to ensure subject safety and
evaluate interim results for possible early stopping (see
the next paragraph below).
Data analysis and dissemination

The Rao-Scott chi-square test statistic, which adjusts for
the matched-pair, cluster randomization scheme, will be
used to compare the rates of the primary and secondary
outcomes in the comparison and intervention groups.
The trial will be monitored for possible early stopping if
a large intervention effect occurs at the time of interim
analysis, using a Haybittle-Peto approach [27]. An interim Rao-Scott chi-square test will be performed and
shared with the DSMB after approximately 25% (45,000)
of the total births are enrolled. In order to stop the study
at this point in favor of the SCC program, the p value
for this Rao-Scott chi-square test must be ≤0.001. However, the stopping parameters for this study will be used
as a guideline rather than as an absolute rule. Any final
decision will also consider additional endpoints such as
differences in complications, process measures, and birth
attendant compliance to the Checklist [17]. If the study
is halted by the DSMB, the intervention will be rolled
out to all sites.
If the study continues, the final analysis will be after
enrollment and follow-up are completed. Using the
Haybittle-Peto approach, the p value for this Rao-Scott
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chi-square test must be ≤0.05 for the intervention and
comparison groups to be declared significantly different.
Secondary analyses will use the Rao-Scott chi-square
test, adjusted for matching and clustering, to compare
groups with respect to selected individual health outcomes and birth attendant EBP adherence. Since these
are secondary analyses, no formal stopping rules will be
applied and all tests will be performed at a 5% type I
error rate. The surveys for Checklist utilization, health
worker safety attitudes, and patient satisfaction will be
analyzed by comparing proportions of responses between the intervention and comparison groups.
The study investigators will have access to the final
trial dataset; however, the study biostatistician will have
access to the unblinded dataset during the interim analysis. In accordance with the funding agreement with the
Bill & Melinda Gates Foundation, the publications will
be on “open access” terms and datasets will be accessible. The study results will be disseminated to internal
and external collaborators, funders, scientific media, and
policymakers, including Government of Uttar Pradesh
and Government of India officials. The investigators will
take the lead in publication of the study to share results
with stakeholders and the broader scientific community.
Ethical considerations
Consent procedures

In order to obtain consent for follow-up at 7 days postpartum of mother-infant pairs, informed verbal consent
will be obtained from the mother or her surrogate by
health workers when being discharged from study facilities after delivery or at the time of referral. Documentation of verbal consent will be included in the birth
register and documented by a witness. A printed information sheet will be provided in Hindi to the mother.
When consented mothers receive a follow-up call or
home visit, consent will be confirmed.
In the smaller sample of birth events that will be observed for EBP uptake, written informed consent will be
obtained from the mother or her surrogate and verbal
consent from the health worker conducting the delivery.
If the mother or surrogate does not consent, health
worker written consent cannot be obtained, or the health
worker refuses, the birth event will not be observed.
Participation in the study for the women and health
workers will be voluntary with the ability to opt out at
any time. No monetary incentives will be provided
reflecting the limited time required. In such a case
where the mother opts out, the care provided to the
mother (and the baby) during the admission and after
discharge will not be any different from what she, and
the baby, would have received as a study participant.
To protect the privacy of study participants, every
birth event will be allotted a unique identifier code; all
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paper forms will be retained in locked cabinets at the facility and central office. All electronic data will be maintained on a HIPAA-compliant encrypted database.

Discussion
The Safe Childbirth Checklist is a WHO-branded tool
developed by frontline health workers and technical
experts in maternal health, newborn health, checklistbased programs, quality improvement, and implementation science [10]. After several years in development,
including field-testing for usability and a pilot study of
its impact on health worker practices, the multicenter
trial, testing the BetterBirth approach to Checklist implementation in UP will now assess the effectiveness of
the program in reducing avoidable maternal, fetal, and
newborn harm. The trial, as designed, will provide crucial rigorous evidence to the global maternal, neonatal
and child health community; this information is anticipated to inform policies and practice towards accelerating the improvement quality and safety of facility-based
delivery care and reducing mortality and morbidity of
women and newborns. As is the case with many randomized controlled trials in resource-poor settings, the
overall intensity of the intervention provided within the
trial may be more extensive than what can be brought to
scale, but it is structured to allow for the identification
of the key elements required for wider-spread success.
Challenges and opportunities

There are a number of risks to the successful completion
of this large, complex trial in UP at each level—state,
district, facility, and individual—reflecting local context,
knowledge and what is required to successfully implement a Checklist program at scale along with more universal clinical trial challenges. India is a large and
diverse country with health agencies at both the national
and state levels. Rolling out a health program in the
public sector at scale in this context requires collaboration and support from national, state, and district political leaders. To ensure alignment of the trial with
policies and priorities at these levels, we will establish
regular channels of formal and informal communication
and engagement. This includes providing updates on
progress and feedback of implementation data, partnering with key figures at each level to hold joint public
meetings with national, state, and district leaders to reflect on progress of the program and trial, and providing
training to government officials in areas of local interest.
These partnerships have ensured that our program and
trial design have been carefully reviewed and tailored to
ensure alignment with ongoing and planned government
programs. This process has also provided key insight regarding the feasibility of study implementation within
the infrastructure of UP. Challenges in this area will
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continue as government officials change positions,
highlighting the need to ensure sustained, effective relationships even as personnel change over the relatively
long period of data collection.
At all levels, one of the most critical challenges is
the need for local champions, as well as strategies for
sustainability of the program, particularly given the
frequent reassignment of facility staff across UP. To
address this potential barrier, we have incorporated the
training of a facility-level Childbirth Quality Coordinator
(CQC) to continue supporting the use of the SCC during
the study and once study coaches have completed the
8-month-long intervention. Further, the engagement
process includes a complete discussion of Checklist
implementation and data collection. The participation
of facility leaders in the engagement and launch processes build local buy-in for Checklist use. Similar
processes are held at the district and state levels to
ensure that priorities align and health leaders have
ownership in the project and dedication to quality of
care. All of these processes are designed to sustain
the use of the SCC.
Partnerships among the investigators and the use of
expert local staff for implementation and management
ensure that we remain cognizant of cultural and infrastructure determinants impacting the health care and
research environments. These allow us to deal with challenges in ensuring informed consent, with ensuring
consistent meaning of questions despite variation in dialects across the state, and with operational issues related
to how women use health care facilities and recover
postpartum, as well as the role of traditional birth attendants in facility based births.
As has been shown previously, simply adding a checklist to workflow will not create uptake or sustainability
[28]. The greatest challenge is in ensuring that individual
health workers successfully adopt the SCC program into
clinical practice. Sustained behavior change in any health
care setting is challenging, especially in resource-limited
settings [29]. Early pilot studies resulted in the better
understanding of how to educate birth attendants on
how to use the SCC and be motivated to improve their
own clinical practice [30]. In our lessons learned from
the pilot studies, one key finding is the importance of
using education and peer-to-peer coaching to empower
health workers to believe in their own capacity for progress, and to realize that through their own practices
they can ensure that maternal and neonatal outcomes
may be improved. Further, with the development of the
CQCs and facility staff to take on responsibility and
utilization of the SCC, we hope to empower the CQCs
such that they will be able to collect, collate, coach, interpret, and feedback data to the frontline workers and
provide information to the facility leaders.
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The main risk with the data collection stems from the
lack of a comprehensive, robust existing health management information system in the study setting. Based on
learning from the pilot, the original plan to use standardized birth registers to collect routinely available
demographics and in-facility outcome data has required
compilation of multiple primary data sources. In baseline data collection, we have successfully collated the
data and been able to follow up women and their newborns after discharge by telephone. After the pilot studies, the standard maternal severe morbidity definitions
were modified to reflect the available resources. We
reviewed a range of methodologies for self-report on
these and other time-delineated outcomes [24, 31, 32].
In addition, the use of maternal near-missed deaths as a
component of a composite indicator that combines maternal and newborn outcomes is novel. Another potential risk is contamination of the control sites in this
matched-pair, randomized controlled trial. However, this
is a limited risk as the WHO Safe Childbirth Checklist
has been part of the Government of India Maternal
Health Toolkit since 2013, yet the Checklist has not
been widely adopted.
To mitigate the above risks, we adopted methodological strategies to maximize the implementation of
successful trial conduct in this real-world setting. We
completed several pilot studies in facilities in UP,
using a quality improvement methodology, and then
measured success in both effectiveness of education
as well as rates of adoption of the care practices
comprising the SCC. Through these pilot tests in nine
facilities, we progressively modified our approach until we
were certain that we had removed all identifiable impediments to successful implementation, data collection, and
monitoring [30]. These changes included but were not
limited to a complete re-evaluation of the methods for
launch and coaching support. Data from this extensive
pilot phase will not be used in the final analyses.
In summary, simple, scalable solutions are essential,
and desperately needed, to improve maternal and neonatal outcomes around the time of childbirth. In partnership with the co-principal investigators (Ariadne
Labs, a joint center of Brigham and Women’s Hospital
and Harvard T.H. Chan School of Public Health;
Community Empowerment Lab; Jawaharlal Nehru
Medical College), Population Services International, the
World Health Organization and the Governments of
Uttar Pradesh and India, along with guidance by a
Scientific Advisory Committee comprised of technical
experts in maternal and newborn health, the BetterBirth
Trial in UP has been successfully designed and initiated
implementation. Utilization of pilot studies and iterative
learning has improved the design of the trial and intervention, as well as the data collection systems, for
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implementation of a high-quality, large-scale study. Studies such as this with large land coverage and sample size
require immense coordination at all levels of the health
system. If the SCC and coaching intervention are found to
reduce maternal, fetal and neonatal harm, patients and
other stakeholders stand to benefit from a proven quality
improvement strategy that could potentially help influence
outcomes in millions of births each year.

Trial status
The trial has completed planning and pilot phases and is
currently enrolling.
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WHO Safe Childbirth Checklist adapted for alignment with Indian
national guidelines. (PDF 5557 kb)
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Additional file 3: Figure S2. BetterBirth trial SPIRIT figure.
(DOCX 32 kb)
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Abstract
Aims. Epithelial mesenchymal transition (EMT) is a crucial process for acquisition of malignant phenotype, aggressiveness, and
metastatic capacity in neoplasms. It is characterized by loss of epithelial markers and gain of mesenchymal markers. Studies
on EMT and its potential association with the histological grading are sparse in oral squamous cell carcinoma (OSCC). This
study aims to evaluate the expression of EMT-associated proteins—E-cadherin, β-catenin, and N-cadherin—in different
grades of OSCC. Methodology. In all, 60 cases of OSCC further subdivided into 20 cases each of well-, moderately, and
poorly differentiated OSCCs were stained immunohistochemically with E-cadherin, β-catenin, and N-cadherin antibodies.
The differences in the expression were evaluated using χ2 and Fisher exact tests, whereas Spearman’s correlation was used
to analyze the correlation between the markers. Results. A reduced E-cadherin expression noted in 40% of the OSCCs
was associated with reduced β-catenin expression in 66.6% of the cases and increase in the expression of mesenchymal
N-cadherin seen in 80% of cases. This expression pattern demonstrated a significant association with histological grades.
A membrane to cytoplasmic shift of E-cadherin (73.3%) and β-catenin (78.3%) increased with histological grade. A negative
correlation was observed with the E-cadherin and N-cadherin localization, though it did not reach statistical significance.
Conclusion. OSCC tissues had high levels of EMT phenotype as compared with the normal oral mucosa. This phenotype was
characterized by reduced E-cadherin and β-catenin expression and overexpression of N-cadherin. Aberrant localization of
the studied proteins was a hallmark for depicting EMT.
Keywords
E-cadherin, β-catenin, N-cadherin, epithelial mesenchymal transition, oral squamous cell carcinoma, immunohistochemistry

Introduction
The incidence of oral squamous cell carcinoma (OSCC) is
escalating globally.1 It is the third most common malignancy in south central Asia, with India depicting a continually rising tendency because of the rampant tobacco and
areca nut habits, leading to oral cancer being an important
reason for mortality. More than 80 000 new cases are diagnosed every year, with nearly three-fourth of the patients
presenting with advanced stage of the disease.1,2 Despite
extensive research undertaken on its pathogenesis and
management, the 5-year survival rate of these patients has
not improved and remains less than 50%.2 Oral cancers are
characterized by loss of cell-to-cell adhesion, allowing the
cells to invade into the adjacent tissues and ultimately
metastasize to the regional lymph nodes as well as distant
sites, resulting in poor prognosis. There is an urgent need

to identify molecular characteristics in a primary tumor
that can help predict more aggressive tumors.3
Epithelial mesenchymal transition (EMT) is a complex
and reversible biological process, wherein an epithelial
cell alters its polarity and adhesive ability to assume a
mesenchymal phenotype characterized by enhanced
migratory capacity, invasive potential, elevated resistance
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Table 1. Bryne’s Invasive Tumor Front Grading System.
Morphological
Feature
Degree of
keratinization
Nuclear
polymorphism
Number of mitoses
(high-power field)
Pattern of invasion

1

2

3

4

Highly keratinized
Moderately keratinized Minimal keratinization No keratinization (0%-5%)
(>50% of the cells)
(5%-20% of the cells)
(5%-20% of the cells)
Little nuclear
Moderately abundant
Abundant nuclear
Extreme nuclear polymorphism
polymorphism
nuclear polymorphism
polymorphism (25%- (0%-25% mature cells
(>75% mature cells) (50%-75% mature cells) 50% mature cells)
0-1
2-3
4-5
>5
Pushing, welldelineated
infiltrating borders
Marked

Infiltrating, solid cords,
bands, and/or strands

Small groups or cords Marked and widespread cellular
of infiltrating cells (n
dissociation in small groups of
> 15)
cells(n < 15) and/or in single cells
Slight
None

Host response
Moderate
(lymphoplasmacytic
infiltrate)
Malignancy score: 4-8 = Well differentiated, 9-12 = Moderately differentiated, 13-16 = Poorly differentiated

to apoptosis, and increased production of extracellular
matrix components. Thus, it provides the cancer cells the
ability to break through the basement membrane, invade
into the stroma, and ultimately metastasize.4,5 This was
first discovered by Elizabeth Hay in 1968 and subsequently has been seen to occur during development and
embryogenesis, tissue fibrosis, and carcinogenesis.4,6
EMT has been, thus, suggested to be a crucial process
involved in acquisition of malignant phenotype, aggressiveness, and metastatic capacity, being involved in the
initiation and progression of several cancers such as breast
cancer, prostate cancer, lung cancer, and colorectal cancers
as well as in head and neck squamous cell carcinoma.4,7
This underlines the importance of detection of this process
to improve clinical decision making, therapeutic strategies, and ultimately patient outcome.6-8 EMT has been
associated with loss of epithelial markers and gain of mesenchymal cell properties depicted by abnormal expression
of E-cadherin, β-catenin, and N-cadherin, which are considered to be prototypical markers for EMT.8
E-cadherin is a key cell adhesion molecule that binds to
its cytoplasmic adaptor protein β-catenin. This association
between E-cadherin and β-catenin makes them partners in
cell-cell adhesion as well as in signal transduction involving several functions, including polarity, growth, differentiation, and cell growth. In addition, β-catenin also serves
as a transcriptional cofactor in Wnt signaling.9,10 Any
alteration in E-cadherin or β-catenin can affect cell adhesion and contribute to tumorigenesis via EMT.11
Expression of inappropriate cadherins in epithelial cells
is yet another way in which tumor cells alter their adhesive
functions. Gain of N-cadherin, a nonepithelial cadherin usually found in mesenchymal cells and neural tissue is also
considered to be an important marker for EMT.12 Aberrant
expression of N-cadherin has been reported to be pro-onco-

genic and enhances tumor cell invasion and migration, leading to tumor progression in numerous epithelial cancers.11
Studies on EMT and its potential association with the
histological grading of this neoplasm are sparse in OSCC
and are predominantly concentrated on tongue squamous
cell carcinoma.13-15 The present study aims to evaluate the
expression of EMT-associated proteins E-cadherin,
β-catenin, and N-cadherin in different grades of OSCC.

Material and Methods
Tissue Material
A total of 60 formalin-fixed paraffin-embedded tissue blocks
of clinically and histologically diagnosed cases of OSCC
were included in the study. Normal oral mucosa (10 tissue
blocks) obtained from gingiva and vestibular mucosa after
extraction of impacted teeth were used as controls. The diagnoses were confirmed by 2 oral pathologists using hematoxylin and eosin–stained sections. They were further subdivided
histopathologically into well (WDSCC), moderately
(MDSCC), and poorly (PDSCC) differentiated squamous cell
carcinomas based on Bryne invasive front grading (Table
1).16 The cases and controls were stained immunohistochemically with E-cadherin, β-catenin, and N-cadherin antibodies.

Immunohistochemistry
Paraffin-embedded tissue blocks were cut into 4- to 5-µm
thick pieces and taken onto 2%, 3-aminopropylethoxysilane
solution (APES; Sigma Aldrich, St Louis, MO) adhesivecoated slides. The sections were then deparaffinized and
rehydrated through xylene and descending grades of alcohol. Antigen retrieval was done using a commercial microwave antigen retrieval system where the sections were
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placed in a container containing 10 mM sodium citrate buffer (pH = 6.0) at 96°C for 3 cycles of 6 minutes each
(EZ-Retriever System, Biogenex Life Sciences, San Ramon,
CA) for E-cadherin, 4 cycles of 6 minutes each for β-catenin,
and 5 cycles of 6 minutes each for N-cadherin. After rinsing
in phosphate-buffered saline, the sections were treated with
peroxidase block consisting of 3% H2O2 in water for 15
minutes to block the endogenous peroxidase activity. This
was followed by a power block for 20 minutes to block any
nonspecific antigenic sites. The sections were then incubated at room temperature with optimally prediluted antibody against E-cadherin (Biogenex, USA: Clone 36) for 45
minutes, β-catenin (Biogenex, USA: Clone E-247) for 60
minutes, and N-cadherin (Biogenex, USA: Clone
EPR1792Y) for 90 minutes. After washing with phosphatebuffered saline, the sections were then incubated with OneStep Polymer-HRP reagent for 30 minutes. Visualization
was performed using freshly prepared DAB (di-amino benzadine tetrahydrochloride).The slides were counterstained
with Harris hematoxylin, subsequent to which sections were
dehydrated, cleared, and mounted with Di-butyl Pthalate
Xylene (DPX). Control slides were run concurrently with
the study specimens. Normal epithelium served as a positive
control for E-cadherin and β-catenin, whereas the fibroblasts known to be reactive to N-cadherin were used as the
internal positive controls.

Immunohistochemical Analysis
Immunostained slides were examined to identify the cell types
(epithelial cells or mesenchymal) expressing the studied antibodies. Only epithelial expression was analyzed for all the
parameters at the invasive front of all the tumors. The percentage of immunopositive cells was scored as follows: 0 = No
positive cells; 1 = 1%-25% cells; 2 = 25%-50% cells; and 3 =
>50% positive cells. Furthermore, scores 0, 1, and 2, which
suggested <50% expression, were considered as reduced
expression for E-cadherin and β-catenin, whereas expression
>50% (score 3) was graded as preserved expression.17 For
N-cadherin, positive expression regardless of the score was
considered positive because it is rarely expressed in epithelial
cancers.18 The localization of the stain was recorded as 0 = No
positivity; 1 = Membrane; 2 = Cytoplasmic; 3 = Membrane
and cytoplasmic; and 4 = Nuclear positivity. Furthermore, the
intensity of immunoexpression was scored as 0 = No stain; 1
= Mild stain; and 2 = Intense stain.19 All hematoxylin/eosin
and immunohistochemical-stained sections were evaluated by
2 observers to eliminate interobserver bias, and any disagreements were resolved at a Penta Head microscope.

Statistical Analyses
The differences in the expression of E-cadherin,
β-catenin, and N-cadherin were evaluated using χ2 and

Fisher exact tests. Spearman’s correlation was applied to
analyze the correlation between the studied markers. P
values less than .05 were considered to be statistically
significant.

Results
Percentage of Positivity
E-cadherin was positive in all the control normal mucosa
cases as well as in OSCCs (100%). The E-cadherin expression was well preserved (ie, >50% positivity) in normal
mucosa, whereas reduced expression (scores 1and 2,
<50%) was observed in 40% of OSCCs. Furthermore,
reduced E-cadherin expression was associated with increasing histological grade—that is, WDSCC (5%) to MDSCC
(10%), and PDSCC (20%; P = .01). β-Catenin exhibited
83.3% positivity in OSCCs, out of which 66.6% showed
reduced β-catenin expression, and 4 (6.7%) cases were
negative as compared with the well-preserved expression
observed in the normal mucosa (100%; P = .0001). The
reduction in β-catenin expression was associated with poor
histological grade, with 75% (15/20) of PDSCCs showing
<50% positivity. None of the normal epithelium demonstrated positivity for N-cadherin, though the connective tissue showed varying degrees of expression and 80% of
OSCCs demonstrated N-cadherin expression (Table 2). No
significant association was noted with the histological
grades; however, enhanced expression was noted in
WDSCCs and MDSCCs as compared with PDSCCs. A significant positive correlation was observed for the reduced
expression of E-cadherin and β-catenin (Spearman correlation coefficient = −0.418; P = .001) in OSCCs (Table 2;
Figures 1-3). Although E-cadherin and N-cadherin expression showed a positive correlation (Spearman correlation
coefficient = −0.123; P = .351) in OSCCs, it did not reach
statistical significance (Table 3).

Location
E-cadherin was prominently localized in the membrane in
the normal epithelium (100%), whereas a shift to cytoplasmic location along with membrane (score 3) was observed
in 73.3% of OSCCs (P < .001). The cytoplasmic shift was
significantly associated with histological grade in all the
cases of MDSCC and PDSCC, demonstrating this altered
localization (P < .001). A predominant membrane localization was observed for β-catenin also in the normal epithelium (100%); however, 81.6% of cases showed a cytoplasmic
shift (score 2 and 3) in OSCCs (P = .023). Nuclear expression was also noted in 1 case of MDSCC and PDSCC each.
The change from membranous to cytoplasmic and nuclear
expression was increasingly associated with poor histological grade (P = .426). N-cadherin expression was localized to
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Table 2. Percentage of Positivity of Immunoexpression for E-Cadherin, β-Catenin, and N-Cadherin in Various Study Groups.a
Study
Group
NOM
OSCC
WDSCC
MDSCC
PDSCC

β-Catenin

E-Cadherin
Cases
10
60
20
20
20

0
0
0
0
0
0

1
0
3
0
0
3

2
1
21
3
6
12

3

P Value

9
36
17
14
5

.18
.001b

0
0
4
0
2
2

1
0
20
5
5
10

2
0
20
7
8
5

3
10
16
8
5
3

N-Cadherin
P Value
b

.0001
.270

0

1

2

3

P Value

10
12
4
4
4

0
13
3
2
8

0
11
7
2
2

0
24
6
12
6

<.001b
.089

Abbreviations: NOM, normal oral mucosa; OSCC, oral squamous cell carcinoma; WDSCC, well-differentiated squamous cell carcinoma; MDSCC,
moderately differentiated squamous cell carcinoma; PDSCC, poorly differentiated squamous cell carcinoma.
a
0 = No positive cells; 1 = 1%-25% Positive cells; 2 = 25%-50% Positive cells; and 3 = >50% Positive cells.
b
P < .05, significant.

Figure 1. Depicts the hematoxylin and eosin–stained (A) and immunohistochemical expression (B, C, D) of studied antibodies in
well-differentiated squamous cell carcinoma. B. Intense membrane and cytoplasmic E-cadherin immunoexpression in well-differentiated
squamous cell carcinoma. Mild membranous expression of β-catenin (C) and N-cadherin (D) observed in the tumor cells.

the cytoplasm and membrane (score 3) in OSCCs (80%)
regardless of the histological grade (Table 4; Figures 1-3). A
negative correlation was observed with the E-cadherin and
N-cadherin localization (−0.019), whereas a positive correlation was seen on comparing E-cadherin and β-catenin
localization (0.088) in OSCCs (Table 3), though they did
not reach statistical significance.

Staining Intensity
A predominant intense E-cadherin expression extending
up to two-third of the layers was observed in normal epithelium, and 90% of OSCCs depicted intense staining.

PDSCCs showed significantly reduced staining intensity
as compared with WDSCCs and MDSCCs (P = .02).
β-Catenin showed an intense expression in the normal
epithelium (90%), whereas a reduced staining intensity
(score 1) was seen in 50% of OSCCs (n = 30), and 4 cases
were negative for its expression (P = .023). A progressive
reduction in staining intensity with increased histological
grade was also observed but did not reach statistical significance. N-cadherin stained intensely in 51.6% of
OSCCs and did not show much variation in relation to the
histological grade, with about half of the cases showing
reduced or negative expression (score 0, 1), whereas
around 51.6% showed intense expression (Table 5;
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Figure 2. Shows hematoxylin and eosin–stained moderately differentiated squamous cell carcinoma (A). Tumor cells exhibited
intense membranous E-cadherin expression (B) as well as mild expression of β-catenin (C) and N-cadherin (D).

Figure 3. Depicts the hematoxylin and eosin–stained (A) and immunohistochemical expression (B, C, D) of studied antibodies
in poorly differentiated squamous cell carcinoma; mild membrane and cytoplasmic E-cadherin (B), β-catenin (C), and N-cadherin
immunoexpression can be observed in the tumor cells.

Figures 1-3). A significant positive correlation between
E-cadherin and N-cadherin with respect to staining intensity (r = 0.310; P = .010) was noted, whereas a negative

correlation was observed between E-cadherin and
β-catenin (r = −0.206; P = .114), but this did not reach
statistical significance (Table 3).
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Table 3. Spearman’s Correlation for the
Immunohistochemical Variables Between E-Cadherin, βCatenin, and N-Cadherin in Oral Squamous Cell Carcinoma.
Study
Variable
Percentage
of positivity
Location
Intensity

E-Cadherin With
β-Catenin

E-Cadherin With
N-Cadherin

0.418 (P = .001)a

0.123 (P = .351)

0.088 (P = .803)
−0.206 (P = .114)

−0.019 (P = .886)
0.310 (P = .016)a

a

P < .05, significant.

Discussion
The present study evaluated the expression of EMT-related
proteins—that is, E-cadherin, β-catenin, and N-cadherin—
in OSCC cases. EMT has been considered to be a critical
mechanism responsible for acquisition of mesenchymal
properties by the epithelial cancer cells.4,5 Several pathways—that is, Transforming Growth Factor (TGF)-β, Wnt
signaling, Hedgehog, and Integrin signaling—can induce
the EMT program by primarily affecting E-cadherin
expression with consequent effects on the β-catenin and
N-cadherin levels.11,20
First, we have demonstrated that OSCC tissues had high
levels of EMT phenotype as compared with the normal oral
mucosa. This phenotype is characterized by reduced
E-cadherin and β-catenin expression and overexpression of
N-cadherin. A reduced E-cadherin expression noted in 40%
of the OSCC cases has been previously reported by several
authors and has been associated with reduced cell adhesion
and increased invasiveness.21,22 This loss of E-cadherin may
be attributed to the destabilization of the protein resulting
from the loss of binding of the β-catenins,21 which is plausible
because 66.6% of the cases demonstrated reduced β-catenin
expression. Furthermore, this reduced E-cadherin expression
was associated with a concomitant increase in the expression
of mesenchymal cadherin—that is, N-cadherin—seen in 80%
of cases. The positivity rate was significantly higher than that
reported in breast carcinomas (45%), gastric carcinomas
(21.2%), lung carcinomas (59.3%), and OSCC (37%),23-26
which highlights the important role of this protein in oral carcinogenesis. An important point to note is that no N-cadherin
expression was evident in normal tissues. This gain of
N-cadherin (de novo or neoexpression) may alter the adhesive function as a result of downregulation of E-cadherin or it
may have a direct and dominant influence on the phenotype
of epithelial cells despite their continued expression of
E-cadherin.23 N-cadherin expression in breast epithelial cells
is known to produce more motile and more invasive cells on
in vitro assays, and these cells tend to be more metastatic and
aggressive in vivo.27 N-cadherin expression downregulates
E-cadherin expression, a phenomenon known as cadherin
switching, resulting in a stroma-oriented adhesion profile,
with increased motility and invasiveness.23,24,27,28 Furthermore,

N-cadherin interacts with the Fibroblast Growth Factor
Receptor (FGFR) family, inducing a promigratory and invasive signaling cascade. This induction of N-cadherin, whereby
the tumor cells are released from E-cadherin–dependent cellcell adhesions and acquire a motile phenotype is thought to
reflect an EMT.28
Furthermore, the E-cadherin and β-catenin expression
showed a progressive reduction from WDSCC to MDSCC
to PDSCC. This is in accordance with studies by Freitas
et al,21 Baguti et al,29 and Laxmidevi et al,30 who also
reported this reduced expression with poor histological differentiation, which has been correlated with lymph node
metastasis, higher stage, and more invasive carcinoma.21
They suggested that this finding correlates with reduced
intercellular adhesion, predisposing to loss of epithelial differentiation accompanied by increased motility and invasiveness of the cancer cells.21,30 N-cadherin showed an
increased expression observed from WDSCCs to MDSCCs,
whereas it reduced in PDSCCs. A previous study has shown
a progressive increase in N-cadherin with higher histological grade in prostate cancer,31 whereas in our study, no such
association was noted, similar to reports in gastric cancer.24
The other important aspect of EMT is the aberrant localization of the studied proteins. A prominent shift from membrane
to cytoplasmic expression was observed in E-cadherin expression (73.3%). The adhesive function of E-cadherin critically
depends on the association with the cytoplasmic adaptor protein β-catenin that links the terminal tail of E-cadherin to the
actin cytoskeleton. Loss of this complex predisposes to the
cytoplasmic shift, leading to reduced cell adhesion. This cytoplasmic shift has been correlated previously with increased
histological grade, stage, lymph node metastasis, and invasive
carcinoma.9,10 A concomitant increase in cytoplasmic levels of
β-catenin was noted in 78.3% of cases, which suggests stabilization of the protein by inactivation of GSK3β. This free cytoplasmic β-catenin associates with T-cell Factor/Lymphoid
Enhancer Factor (TCF/LEF) family of transcription factors to
translocate to the nucleus, resulting in the activation of the
Wnt signaling as well as decreased adhesion caused by loss of
link with E-cadherin, thus, contributing to the aggressiveness
of the neoplastic cells.29,30 Nuclear expression was also noted
in 2 cases—1 each of MDSCC and PDSCC. The cellular
localization of β-catenin is an important indirect indicator of
its oncogenic activity because the loss of cell membrane
expression along with loss of E-cadherin expression is related
to loss of adhesiveness and invasive phenotype, whereas cytoplasmic expression suggests activation of Wnt signaling pathway followed by activation of genes involved in cell
proliferation.10 This reduced membranous expression and
cytoplasmic shift in both E-cadherin and β-catenin was associated with increased histological grade similar to previous
reports.30,32 N-cadherin showed simultaneous membrane and
cytoplasmic expression uniformly in all the grades of OSCC
similar to previous reports in gastric cancer, oral cancer, and
other cancers.23,24,25,27 A significant negative correlation was
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Table 4. Demonstrates the Location of E-Cadherin, β-Catenin, and N-Cadherin in Various Study Groups (χ2 and Fisher Exact
Test).a
Study
Group
NOM
OSCC
WDSCC
MDSCC
PDSCC

β-Catenin

E-Cadherin

N-Cadherin

Cases

0

1

2

3

4

P Value

0

1

2

3

4

P Value

0

1

2

3

4

P Value

10
60
20
20
20

0
0
0
0
0

10
16
16
0
0

0
0
0
0
0

0
44
4
20
20

0
0
0
0
0

<.001b

0
4
0
2
2

10
5
3
1
1

0
2
0
2
0

0
47
17
14
16

0
2
0
1
1

<.001b

10
12
4
4
4

0
0
0
0
0

0
0
0
0
0

0
48
16
16
16

0
0
0
0
0

<.001b

<.001b

.426

1.000

Abbreviations: NOM, normal oral mucosa; OSCC, oral squamous cell carcinoma; WDSCC, well-differentiated squamous cell carcinoma; MDSCC,
moderately differentiated squamous cell carcinoma; PDSCC, poorly differentiated squamous cell carcinoma.
a
0 = No positivity; 1 = Membrane; 2 = Cytoplasmic; 3 = Membrane and cytoplasmic expression; and 4 = Nuclear positivity.
b
P < .05, significant.

Table 5. Comparison of E-Cadherin, β-Catenin, and N-Cadherin Staining Intensity in the Study Groups (χ2 and Fisher Exact Test).a
Study
Groups
NOM
OSCC
WDSCC
MDSCC
PDSCC

β-Catenin

E-Cadherin
Cases
10
60
20
20
20

0
0
0
0
0
0

1
3
6
1
0
5

2
7
54
19
20
15

P Value
.080
.02b

0
0
4
0
2
2

1
1
30
9
9
12

2
9
26
11
9
6

N-Cadherin
P Value
b

.023
.35

0

1

2

P Value

10
12
4
4
4

0
17
6
3
8

0
31
10
13
8

<.001b
.483

Abbreviations: NOM, normal oral mucosa; OSCC, oral squamous cell carcinoma; WDSCC, well-differentiated squamous cell carcinoma; MDSCC,
moderately differentiated squamous cell carcinoma; PDSCC, poorly differentiated squamous cell carcinoma.
a
0 = No stain; 1 = Mild stain; 2 = Intense stain.
b
P < .05, significant.

observed with the E-cadherin and N-cadherin localization
(−0.019), suggesting that E-cadherin in membrane is shifting
to cytoplasm and is being replaced by the N-cadherin, predisposing to EMT.
E-cadherin and β-catenin exhibited an intense expression in normal oral mucosa as compared with OSCC. The
progressive reduction in the staining intensity of both
E-cadherin and β-catenin observed in our study is similar
to the findings of Hung et al32 and Laxmidevi et al.30 This
could be attributed to increased β-catenin degradation
resulting in poor binding to E-cadherin in poor histological grades, accounting for the variations in the intensity.30
N-cadherin showed intense expression in 51.6% of
OSCCs and was completely negative in normal oral
mucosa. This is an important marker suggesting the existence of EMT in OSCCs because no expression was seen
in normal oral mucosa specimens.
The study does have limitations, which include lack of
correlation with prognostic information such as survival
and recurrence because of the nonavailability of these data.
However, use of these markers to substantiate the histopathological grading can aid in defining the aggressive
potential. Additionally, because EMT is a phenomenon

more commonly associated with the invasive front, use of
Bryne’s criteria is valid for this purpose.

Conclusion
This study substantiates the existence of the EMT phenomenon in OSCCs and the possibility of supplementing
these specific markers for grading of OSCCs to define the
aggressive potential of these neoplasms. EMT was associated with reduced E-cadherin and β-catenin positivity and
concomitant increased N-cadherin expression in OSCCs,
which was associated with histological differentiation.
Furthermore, a prominent cytoplasmic shift in localization
of E-cadherin and β-catenin from the normal membranous
location and aberrant expression of N-cadherin was also
noted. These markers may have significant impact in
developing targeted therapy of OSCCs and require larger
prospective studies with clinicopathological variables to
further validate the findings of our study.
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Abstract
Background: Introducing a new drug to the market is a
time-consuming process, is complex, and involves consumption of a lot of resources. Therefore, discovering
new uses for the old drugs (i.e. drug repurposing) benefits the patients by providing them time-tested drugs.
With developments in insulin therapy still happening, it
is worth keeping up to date on trends in the use of this
powerful glucose-lowering agent. The aim of this article is
to explore the potential non-diabetic clinical applications
of insulin.
Methods: Literature survey was carried out through the
various scientific journals publishing experimental and
clinical research papers regarding the diverse applications
of insulin other than in diabetes mellitus. These applications include both therapeutic as well as diagnostic uses
of insulin. The relevant information collected from these
publications was paraphrased in the present paper.
Results: On studying the literature, the non-diabetic uses
of insulin include the following: wound healing, parenteral nutrition, antiaging, body building, cardioprotection
in acute coronary syndromes, insulin tolerance test to test
the hypothalamo-pituitary-adrenal axis functioning, cell
culture, cancer treatment, organ preservation, and management of septic shock, calcium channel, β-blocker overdose and other critical illnesses in intensive care units.
Conclusions: This review attempts to survey some interesting new applications of insulin other than in diabetes
mellitus.
Keywords: antiaging; body building; insulin; insulin
potentiation therapy; insulin tolerance test; non-diabetic
uses; organ preservation; wound healing.
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Introduction
Insulin is a naturally occurring peptide hormone secreted
by the β cells of the pancreatic islets of Langerhans and
is a key regulator of glucose homeostasis by facilitating
cellular glucose uptake in the liver, skeletal muscles, and
fat tissue. The term “insulin” originated from the Latin
word insula meaning islet/island. Insulin was discovered in 1921 by Frederick Banting and Charles Best who
were awarded the Nobel Prize in Physiology or Medicine
in 1923. In 1951 Frederick Sanger determined the primary
structure of insulin. It has molecular weight of about 6000
Da and is made up of two polypeptide chains having 51
amino acids; A-chain has 21, while B-chain has 30 amino
acids linked together by disulfide bonds. The pancreatic
β cells secrete insulin at a low basal rate and at a much
higher stimulated rate in response to a variety of stimuli,
principally glucose.
Insulin exerts its action through the specialized receptors, so-called insulin receptors (IRs), located on the cell
membrane of essentially every cell. An IR consists of two
covalently linked heterotetrameric glycoproteins consisting of two extracellular α-subunits and two transmembrane β-subunits linked together by disulfide bonds. The
α-subunit carries insulin binding sites, and the β-subunit
has tyrosine kinase activity. On binding of insulin to the
α-subunit there is activation of tyrosine kinase activity
that initiates a series of events. The plasma half-life of
insulin is 5–9 min. In 1939, the FDA first approved insulin
for the management of diabetes mellitus (DM). The conventional insulin preparations are derived from beef and
pork pancreas, and now currently recombinant (human)
preparations are available. In 1982, the FDA approved the
first recombinant human insulin [1]. Insulin remains fundamental to the management of DM patients [2]. Insulin
therapy is essential and lifesaving in type 1 DM patients.
For type 2 DM patients, insulin therapy is usually consigned to use during later stages of the disease. But the
recent treatment paradigms approach is being reexamined, to encourage earlier use of insulin treatment algorithms for patients with type 2 DM [3].
Over the previous century, multiple pleiotropic effects
[4] and actions of insulin have been demonstrated. The
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advances in biochemistry, physiology, and pharmacology of insulin have been published earlier, but no review
has targeted the spectrum of non-diabetic uses of this
hormone insulin. It has now been investigated for various
activities other than maintaining euglycemia. Various
other applications of insulin include the following:
wound healing activity, for body building purpose in athletes, as an antiaging agent, as a diagnostic test to check
hypothalamo-pituitary-adrenal (HPA) axis activity, in the
management of septic shock and as one of the key constituents of parenteral nutrition solutions, cell culture media,
organ preservation solutions, and glucose-insulin-potassium (GIK) infusions. Also recently, its role is extended
for cancer treatment and calcium channel blocker and
β-blocker overdose or poisoning. The role of insulin
beyond management of DM is presented in this detailed
review. With advances in insulin therapy still occurring,
it is worth updating the trends in the use of this powerful
glucose-lowering agent.
Various non-diabetic clinical applications are discussed below.

Insulin on wound healing
Wounds are commonly encountered in the clinical practice. If healing of the wound is disturbed, hospital stay
is extended and cost escalates, which are also associated with comorbidities. Efforts have been continued
to promote healing of wounds particularly in diabetic
wounds which are reluctant to heal. The main aim for the
treatment of wound is to achieve rapid wound closure
with an appealingly acceptable scar. In 1960s, for the first
time insulin was tried for topical application [5]; since
then several experiments have documented the positive
effects of exogenous insulin on wound healing activity in
both animals and humans, without major systemic side
effects [6–8]. Topical insulin application to cutaneous
wounds accelerates wound healing in rats with or without
diabetes [9] and so also in both diabetic and non-diabetic
human wounds [5]. Similarly, zinc protamine insulin
accelerated wound healing in open wounds, surgical incisions, and lacerations [10].
A study showed that application of the topical insulin
prepared in moxifloxacin hydrochloride ophthalmic solution at the dose of 1, 2 or 5 U for 7 days [single drop (20 μL)
from the commercial applicator bottle to the central cornea
of the injured eye 4 times a day] promoted healing of the
abraded corneas and also restored the hyposensitivity
of the cornea by reepithelialization in the type I diabetic

rats, compared to the healthy rats where no reepithelialization was seen [11]. Insulin did not affect corneal thickness, intraocular pressure or serum glucose level in the
affected animals. Insulin, by increasing DNA synthesis in
the peripheral cornea, limbus, and conjunctiva 48 h after
abrasion in diabetic rats, accelerated reepithelization of
the cornea [11]. The topical insulin for healing has several
advantages including the cost-effectiveness, increased
patient compliance, ease of delivery, and independence
from systemic serum glucose levels and adverse effects.
Previously, a study showed that insulin 100 U/mL in isotonic sodium chloride solution administered long-term for
8 weeks to the human eye was not toxic [12].
Similarly, a study done in humans with noninfected
acute and chronic extremity wounds demonstrated that
the twice daily topical application (spray) of 1 mL 0.9%
saline with 10 units of insulin was safe and effective. No
patients developed signs or symptoms of hypoglycemia,
and glucose levels pre- and post-application did not differ
significantly [13]. Inflammatory response plays an initial
role during wound healing, which is characterized by
increased endothelial permeability, infiltration of inflammatory cells, and secretion of numerous growth factors
and chemokines. Insulin plays a vital role in regulating cellular proliferation and inducing repair process in
the devitalized tissues. It regulates wound inflammatory
response by stimulating proliferation and migration of
macrophages and keratinocytes in the adjacent tissues
[13, 14]. It stimulates the metabolism of adjacent layer
and helps to regenerate and proliferate once the exudate
and necrotic tissue has been removed. Insulin also lowers
infection rate by arresting bacterial growth and enhancing phagocytosis [14]. In vitro studies have presented
insulin-facilitated monocytes/macrophages chemotaxis,
pinocytosis/phagocytosis, and also secretion of inflammatory mediators. Therefore, this study explained that
insulin is a potent wound-healing accelerant by regulating the number and function of macrophages.
Diabetic keratopathy is seen in majority of diabetic
patients as the disease progresses. The important clinical
significance of topical insulin is that its direct application
may serve as an important strategy for treating diabetic
keratopathy. Previous studies suggest that the hyposensitivity observed in diabetic animals is not permanent and
can be reversed at least in the early stages of the disease
and does not influence serum glucose levels, denoting
that insulin action is directly at the site of application
rather than by systemic action [11]. Other therapeutic utilities of topical insulin need to be explored in patients with
corneal transplantation, vitrectomy, cataract surgery, and
procedures such as laser photocoagulation and refractive
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surgery which are risk factors for abnormal corneal epithelial healing where the conventional therapies such as
artificial tears and bandage contact lenses have failed.

Insulin in parenteral nutrition
solutions
Parenteral nutrition (PN), also known as intravenous
feeding, is feeding a person intravenously, bypassing the
normal process of eating and digestion. PN formulations
are balanced mixes of essential and non-essential amino
acids, glucose, fat emulsions, electrolytes, micronutrients, water, vitamins, insulin, and other required vital
medications [15]. PN has become one of the imperative
primary and adjuvant therapies over the past few years
for the treatment of patients with significant disruption in
gastrointestinal function like in diseases such as Crohn’s
disease, cancer, short bowel syndrome, and ischemic
bowel disease, etc. PN is administered via a central venous
catheter or through a peripheral limb vein. PN therapy in
acute care institutions is on an average 10–14 days duration [16]. The duration of feeding depends on the degree of
malnutrition. PN is expensive and also carries higher risk
of complications. The major complication is hyperglycemia, which sets the patient at risk for infection. Therefore,
insulin is frequently required in PN solutions to control
hyperglycemia [17].
Literature review shows that insulin availability in PN
solutions ranges from 10% to 95% [17, 18]. Only regular
human insulin is added to the admixtures, as insulin
analogs such as insulin lispro or insulin aspart are not compatible with PN formulations [19]. During infusion the blood
glucose level is maintained between 80 and 130 mg/dL
[20]. Routine insulin dosage practiced is 0.1 unit/g of dextrose in the PN infusion and in hyperglycemic patients
( > 150 mg/dL), 0.15 unit/g of dextrose [15, 21]. If the blood
glucose level is ≥ 300 mg/dL, PN is halted until the glucose
level recedes to < 200 mg/dL. Capillary glucose levels are
checked every 6 h and supplemented with additional subcutaneous insulin appropriately dosed by sliding-scale
insulin coverage to maintain the desired glucose range. A
separate insulin infusion is started if hyperglycemia persists even when 0.3 unit/g of PN dextrose is surpassed, to
achieve more appropriate glycemic control [15]. At times,
PN is withdrawn in the refractory hyperglycemic patients,
till euglycemia is achieved [22]. Other approaches for glycemic control during PN infusion include just adequate
feed to the patient, limited dextrose in PN to 150 g/day,
increase insulin units according to sliding scale coverage,
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monitoring glucose levels frequently, and discontinuation
of TPN for 24 h [19].
Insulin plays a key role in protein anabolism in addition to its regulatory functions in glucose homeostasis. Insulin enhances the rate of amino acid uptake and
protein synthesis in muscles and also inhibits the extent
of protein degradation [23, 24]. Deficiency of insulin
results in muscle wasting and increased nitrogen balance
as seen in patients with DM and in bed-ridden patients.
A study showed that addition of insulin to PN solutions
accelerates restoration of a depleted body cell mass,
i.e. the correction of the malnourished state [24]. Acute
complications of PN include hyperglycemia [17], catheter- related infections, electrolyte imbalances, etc. Longterm complications of PN include fatty liver, cholestasis,
cholelithiasis, metabolic bone disease, and electrolyte/
vitamin/mineral depletion or toxicity [25]. However, PN
may include many other drugs like heparin, type-2 histamine receptor antagonists, albumin, digoxin, dopamine,
erythropoietin, furosemide, hydrocortisone, methylprednisolone, metoclopramide, octreotide, and ondansetron
to correct the underlying conditions [26].
PN is a valuable and necessary medical treatment
for several patients providing both nutritional maintenance and life extension at a time when it is not possible to sustain them any other way. Appropriate use of this
complex nutrition therapy maximizes clinical benefits
while minimizing the potential risk for adverse events.

Insulin for body building
Athletes use performance-enhancing drugs for musclebuilding purposes so as to improve their endurance.
Commonly used performance-enhancing drugs in athletes include anabolic androgenic steroids, clenbutarol,
erythropoietin, diuretics, growth hormone (GH), and,
recently, insulin; all of these have potential health
consequences [27].
Doping is the use of prohibited substances unlawfully to improve their sporting performance (body building) and is detrimental to the overall impact of sporting
spirit. Doping in sports has been ongoing since the original Olympic Games, with the desire to win at all cost. The
International Olympic Committee Medical Commission
and sub-commission ‘Doping and Biochemistry in Sport’
announce annually a list of ‘banned substances’ and
have developed a sophisticated system for detecting drug
abuse. Recent evidences suggest that insulin and GH have
now become a significant threat in the sports arena [28].
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GH, due to its anabolic and lipolytic properties, which
leads to an increase in lean body mass and reduction in
fat mass, has been used in sports since the early 1980s
[29]. Insulin was used as a doping agent frequently in the
Olympic Games, as in Nagano in 1998 [28, 30]. Insulin
with GH is being used by many athletes and body builders
for increasing their muscle mass.
The primary source of carbohydrate during exercise
is muscle glycogen stores. Performance in many events is
known to be a function of muscle glycogen stores; ‘bulking
up’ these stores will most probably enhance performance,
i.e. the greater the muscle glycogen stores, the longer the
exercise time to exhaustion [31]. Insulin increases protein
synthesis in the muscle by increase in amino acid transport and ribosomal protein synthesis. It also increases
glycogen synthesis by increasing transport of glucose and
inducing glycogen synthase enzyme [32]. Physiological
hyperinsulinemia reportedly stimulates amino acid transport in human skeletal muscles [33]. It is remarkably difficult to detect insulin abuse using laboratory tests because
of its short half-life [34].
Most of the abusers inject 10 IU regular insulin and
then consume sugar-containing foods and drinks so as
to avoid hypoglycemic events [27]. Insulin abuse in body
builders is an increasing problem and can lead to potentially serious consequences like hypoglycemia for prolonged periods away from possible medical assistance,
potentially resulting in coma and death. The athletes are
risking long-term harm by using these drugs. The medical
exception to the rule is athletes with DM requiring insulin
treatment [34].

Insulin as antiaging agent
Aging is an inevitable extremely complex multifactorial
process. Aging is defined as the process that progressively
converts a physiologically and cognitively fit healthy
individual into a less fit individual with increased vulnerability to injury, illness, and death. It includes progressive accumulation of random molecular defects that
build up within tissues and cells and, regardless of multiple repair mechanisms, result in age-related functional
impairment of tissues and organs [35]. Aging is associated
with a metabolic decline characterized by the development of changes in fat distribution, obesity, and insulin
resistance. The human aging is characterized by reduced
insulin secretion from β cell and increased insulin resistance in the peripheral tissues [36]. Insulin resistance
leads to compensatory increase in insulin release, while

hyperinsulinemia promotes insulin resistance via depletion of IRs, and earlier studies have revealed that hyperinsulinemia and insulin resistance accelerate aging [37].
This is likely to result in hyperglycemic state.
Caloric restriction due to euglycemia is broadly used
to study aging processes, as it is known to increase life
span and retard occurrence of age-related diseases,
including cancer and diabetes [38]. Hyperglycemia is an
important aging factor involved in generation of advanced
glycosylation end products (AGE) and glycation of proteins [39]. Hyperglycemia can promote age-related disease
by a variety of mechanisms including abnormal enhancement of the sensitivity of vascular smooth muscle to
IGF-1 and generation of atherosclerotic lesions, impaired
wound healing, cataracts, and microvascular damage.
The accumulation of pentosidine, an AGE, is accelerated
in diabetic patients and has been recognized to be a reliable biomarker of aging [40].
Klotho is a recently discovered antiaging (aging suppressor) gene, and it is expressed in mouse pancreatic
islets and insulinoma β cells (MIN6 cells) [41]. Klotho
gene is named after a Greek goddess Klotho, who spins
the thread of life [42]. Klotho protein is predominantly
expressed in the pancreas, kidney, and the brain choroid
plexus [42]. In humans, the klotho levels decrease gradually with advanced age [43]. Insulin hormone increases
significantly the levels of secreted klotho. Previous studies
led to the observation that secretion of Klotho is regulated
by insulin [44]. Klotho inhibits aging by interfering with
the actions of insulin and insulin growth factor 1, an evolutionarily conserved mechanism for extending life span
[45]. Klotho protein activates the FoxO forkhead transcription factors that are negatively regulated by insulin/IGF-1
signaling, thereby inducing expression of manganese
superoxide dismutase. This in turn facilitates removal of
reactive oxygen species and confers oxidative stress resistance. Thus, Klotho-induced inhibition of insulin/IGF-1
signaling is associated with increased resistance to oxidative stress, which potentially contributes to the anti-aging
properties of klotho [44].
Another study disclosed that Klotho protein enhances
glucose-induced insulin secretion via regulation of transient receptor potential V2 (TRPV2). TRPV2 is a membrane
calcium channel that determines calcium entry in β cells. It
was noted that calcium entry and glucose-induced insulin
secretion were increased by overexpression of the klotho
gene and were abolished by tranilast, a TRPV2 channel
inhibitor [41]. Overexpression of klotho protein extended
the life span in mice [46]. A previous study demonstrated
that a defect in klotho gene expression in mice leads to a
syndrome closely approximating human aging, including
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shortened life span, infertility, growth arrest, hypoactivity, skin atrophy, premature thymic involution, arteriosclerosis, osteoporosis, and pulmonary emphysema [42,
46]. Genetic Klotho deficiency leads to hypoinsulimia and
pancreatic β-cell dysfunction in mice [47].
In humans, enhanced insulin sensitivity and reduced
insulin levels reduce risk of age-related diseases and are
associated with improved survival. Therefore, conserving
physiological health in an aging population is of vital significance and also from a social perspective helps to reduce
the liability on health care services [48]. Loss of these functional reserves may compromise an individual’s ability to
survive with external challenges such as surgery or trauma.

Insulin for cell culture and organ
preservation
Cell culture, one of the major techniques in life science
research, is a complex process by which cells are grown
under controlled conditions, in a favorable artificial environment. Insulin is required for the growth and development of cells [49] and also stimulates the proliferation of
certain cells in culture [50]. Numerous hormones including insulin are used as an essential component of synthetic
growth media for cell culture [51]. Insulin has been found
to be stimulatory in serum-free medium for the growth of
virtually every cell type including mammalian cells [52].
It is used for the manufacture of monoclonal antibodies,
virus vaccines, gene therapy products, and other biological drugs [53].
Insulin, by increasing the permeability of cell membranes to glucose and making nutrients available to
the cells, promotes the growth of mammalian cells [51].
The action of insulin in mammalian cell culture is primarily through the binding and activation of IGF-1R
[54]. Mammary tumor cell lines, like the MCF-7 cell line,
respond to low levels of insulin, suggesting that the
growth-promoting effect is mediated by the IR [55, 56].
Insulin through the IR also inhibits apoptosis induced by
serum withdrawal in a variety of cell types [57, 58].
The recommended concentration of insulin in cell
culture media is 1–10 mg/L, depending on cell type and
specific application [53]. In mammalian cell cultures,
recombinant insulin is added at approximately 100 times
the physiological concentration. Insulin at this high concentration acts as a growth factor, with anti-apoptotic
and mitogenic effects [59]. Also at higher concentrations
insulin maintains anabolic effect on cells required for
optimal cell growth [60].
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In an earlier study, the effects of three concentrations
of insulin (100, 1000, and 10,000/U/mL) added to tissue
culture medium containing 1% serum were compared with
the effects of the 1% serum medium alone and medium
containing 5% serum. Higher concentrations of insulin
lead to successively greater stimulation of aortic smooth
muscle cell proliferation and weakened response to serum
when insulin has been extracted from it, indicating that
insulin has growth-promoting properties [61].
Organ preservation is the supply line for organ transplantation. Transplantation of organs continues to be a
primary therapeutic modality for treatment of end-stage
organ disease. University of Wisconsin (UW) cold storage
solution was the first solution designed for use in organ
transplantation and is often called the gold standard for
organ preservation [62]. Currently, the liver, pancreas, and
kidney can be successfully preserved for up to 2 days by
flushing the organs with the UW solution and storing them
at hypothermia (0–5 °C) [62]. The UW solution contains a
number of cell impermeant agents (lactobionic acid, raffinose, hydroxyethyl starch), to prevent the cells from swelling during cold ischemic storage, and regular insulin 40
U/L [63]. It has increased the safe time of preservation for
the liver, kidney, and pancreas and helped to increase the
quality and number of organs available for transplantation
[64]. But in one previous study, insulin in UW preservation
solution was shown to exacerbate the hepatic ischemic/
reperfusion injury by energy depletion in rat liver transplantation and decrease the graft survival rate [65].
Hyperglycemia is common in organ donor individuals, due to stress response to injury and catecholamineinduced insulin resistance or rapid infusion of large
volumes of glucose-containing fluids. Mainly to prevent
osmotic diuresis and electrolyte imbalances, IV regular
insulin is administered when blood glucose level is more
than 200 mg/dL [66].

Diagnostic use of insulin
It is well known that the HPA axis is a major part of the
neuroendocrine system that controls reactions to stress
and regulates many of the body processes. The core function of HPA axis is to enable sufficient cortisol release
under regular and stressful situations. Cortisol produced
in the adrenal cortex has negative feedback to inhibit
both the hypothalamus and the pituitary gland. Insulin
tolerance test (ITT) is accepted as the gold standard test
for the evaluation of both HPA and GH-IGF-1 axis [67, 68].
The principle of the test is that hypoglycemia induces a
severe stress, which stimulates the HPA axis maximally
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and releases adrenocorticotropic hormone (ACTH) and
GH [68]. Thus, ITT may help in patients who require GH
replacement therapy [69].
The test is conducted in overnight fasted patients with
normal electrocardiogram (ECG). After the side effects are
explained, patients in recumbent position are administered
soluble insulin 0.15 U/kg body weight to produce adequate
hypoglycemia. Blood samples are drawn at 0, 30, 45, 60,
90, and 120 min for blood glucose, plasma cortisol, and
GH estimation. The test cannot be interpreted unless adequate hypoglycemia (tachycardia and sweating with blood
glucose < 40 mg/dL) is achieved. Patients with impaired
cortisol responses, i.e. < 550 but > 400 nmol/L may only
need steroid cover for major illnesses or stresses. In Cushing’s syndrome, there will be a rise of > 170 nmol/L above
the fluctuations of basal levels of cortisol [70, 71]. Severe GH
deficiency is defined by a GH peak lower than 3 μg/L. Other
alternative tests to check HPA axis include the low-dose
ACTH stimulation test, corticotropin-releasing hormone
test, metyrapone test, and glucagon stimulation test [67, 70].
ITT is also used to differentiate Cushing’s syndrome
from pseudo-Cushing’s syndrome associated with depression, alcohol excess, etc. [71]. Occasionally, ITT is performed to assess the peak adrenal capacity, in stressful
events like acute illness or major surgery where appropriate cortisol rise is observed [72]. Side effects of the test
include sweating, palpitations, loss of consciousness, and,
rarely, convulsions due to severe hypoglycemia, and Addisonian crisis may be precipitated in subjects with poor
adrenal reserve [71]. It is contraindicated in the elderly, in
patients with cardiovascular or cerebrovascular diseases,
history of seizures, an abnormal electroencephalogram,
recent brain surgery, and severe hypopituitarism [71, 73].

Glucose-insulin-potassium infusion
In 1962, the electrocardiographer Sodi-Pallares pioneered
the use of GIK as an adjuvant treatment for ST segment
elevation myocardial infarction (STEMI) [74], and GIK
infusion was one of the first agents to be studied for protection of the ischemic myocardium that will reduce myocardial infarct size and improve clinical outcomes [75].
Several pharmacological agents and approaches have
been studied over the years with variable results in both
animal models and humans. The GIK infusion was formerly designed to restore potassium flux into the ischemic
myocardium and to normalize the ECG abnormalities. It
encompassed a high-dose insulin (HDI) infusion constituent (up to 2 units/kg/24 h) and an adjuvant glucose infusion to avoid hypoglycemia and to allow hyperglycemia

[76]. GIK infusion showed favorable effects on a number
of intermediate biomarkers: complete resolution of ST
segment elevation [77], fewer arrhythmias [78], smaller
infarct size [79], and lowering of circulating free fatty
acids [80].
GIK infusion is relatively harmless and free from
major side effects. It is cardioprotective by the following mechanisms: firstly, it suppresses plasma levels of
free fatty acids (i.e. suppress lipolysis) that are elevated
during acute cardiovascular stress, as a consequence of
the release of counter-regulatory hormones and cytokines
[81]. Under aerobic conditions free fatty acids are the dominant substrates for myocardial cells, but during ischemic
conditions, a shift occurs toward anaerobic glycolysis,
and long-chain free fatty acids produced have deleterious effects. GIK solution promotes glycolysis and thereby
reduces ischemic damage [82]. In ischemic conditions
there is accumulation of toxic intermediates of free fatty
acid metabolism, which can lead to inhibition of glucose
utilization and higher production of lactate and hydrogen
ions, which can decrease cardiac contractility, cause diastolic dysfunction and can precipitate arrhythmias [83].
Secondly, recent evidence suggests that insulin itself,
as a component of GIK, when administered by restoring
normoglycemia, could be a cardioprotective, because it
has anti-inflammatory, antiapoptotic and provasodilatory properties through the release of nitric oxide and
increased expression of endothelial nitric oxide synthase [84]. Thirdly, GIK infusion in acute STEMI patients
reduced levels of C-reactive protein and serum amyloid
A and attenuated an increase in plasminogen activator-1,
which suggests that GIK has an anti-inflammatory and
profibrinolytic effect [83]. Fourthly, glucose and insulin
infusion causes potassium to move intracellularly, so the
addition of exogenous potassium helps prevent hypokalemia and helps to electrically stabilize the myocardial
cell membrane to avoid arrhythmias [84].
The antiapoptotic [83] effect of insulin in ischemia/
reperfusion is mediated via phosphatidylinositol-3-kinase-AKT-endothelial nitric oxide synthase signaling
pathway, the subsequent phosphorylation of endothelial
nitric oxide synthase, and the generated nitric oxide protects the myocardium. Previous studies have shown that
when insulin is administered at the time of myocardial
reperfusion in animal models, it reduced the myocardial
ischemia/reperfusion injury [85, 86].
The GIK regimen is also shown to be beneficial in
the management of cardiac diseases like acute myocardial infarction, congestive heart failure, and cardiogenic
shock. It preserves myocardial integrity and function and
warrants quick recovery. It acts as cardioprotection by the
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above said mechanisms and also by suppressing the production of pro-inflammatory cytokines like tumor necrosis factor (TNF), interleukin-6, macrophage migration
inhibitory factor, and free radicals, besides increasing
synthesis of anti-inflammatory cytokines interleukin-4
and interleukin-10 [87]. Its use is extended in the management of diabetic ketoacidosis, septicemia, septic shock,
and inflammatory conditions such as ulcerative colitis,
Crohn’s disease, rheumatoid arthritis, systemic lupus erythematosus, and cancer [88].
The most important adverse effects accompanying GIK infusion include hyperglycemia [89, 90], hyperkalemia [91, 92], volume overload [89, 90], and rise in
cardiac markers [91]. Prerequisites for GIK infusion
include the following: check for the metabolic status of
the patient including insulin resistance syndrome or type
1 or type 2 DM, where myocardial response may vary in
these conditions [93]. An earlier trial, The immediate myocardial metabolic enhancement during initial assessment
and treatment in emergency care (IMMEDIATE trial) [94],
evaluated the impact of GIK on acute coronary syndromes
in prehospital emergency medical service settings in the
ambulance by the paramedics. The trial showed that
progression to infarction (by biomarkers and ECGs), the
primary endpoint, was not prevented, but infarct size was
significantly diminished, and there was significant reduction of free fatty acid levels and acute mortality rate [94].
As known since > 45 years, GIK regimen is a simple,
cheap, and intriguing therapeutic strategy to optimize
myocardial protection. The precise role of GIK in cardiovascular medicine and its mechanism needs to be further
elucidated in detail, and also the intermediate and longterm effects of GIK need to be considered.

Insulin for septic shock
Sepsis is a clinical syndrome characterized by systemic
inflammation due to infection, which can progress in
severity ranging from sepsis to severe sepsis and septic
shock. Septic shock being a major complication of infectious diseases triggers systemic inflammatory response
and has high mortality rate within a short period [95, 96].
Septic shock is due to inappropriate increase in innate
immune response by neutrophils, macrophages, and
natural killer cells [97]. Hyperglycemia and insulin resistance are common in critically ill patients, independent of
a history of DM [21, 96, 98]. Insulin resistance is due to elevated concentrations of TNF-α, IL-1, IL-2, and/or IL-6 [97].
Other reasons for hyperglycemia during critical illness
include enhanced hepatic gluconeogenesis, impaired
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insulin secretion, and decreased insulin sensitivity due to
anti-insulin effects of stress hormones, and proinflammatory cytokines have been revealed [99]. Insulin resistance
seen in sepsis can be restored to normalcy by infusing
insulin continuously [97].
Short-term hyperglycemia in critically ill patients
markedly impairs cardiovascular function [100]. Previous studies have shown that hyperglycemia increased
the size of myocardial necrosis, reduced coronary collateral blood flow, exaggerated ischemia reperfusion cellular injury, and impaired ischemic preconditioning [101].
Other studies showed hyperglycemia favoring thrombosis by causing abnormalities in hemostasis and inducing
endothelial dysfunction [102]. Numerous different glucose
management protocols are followed for tight glycemic
control in critically ill patients, as maintaining euglycemia
in intensive care units (ICU) is accepted as one of the basic
approaches in ICUs [103, 104].
The “Leuven study” [105], which was performed on
critically ill patients, majority with 63% cardiac surgery,
demonstrated that intensive insulin therapy aimed to
maintain euglycemia (80–110 mg/dL) reduced mortality
by 42% and also markedly decreased the complications
rate associated with critical illness in comparison to conventional treatment with insulin infusion only hyperglycemia exceeding 215 mg/dL so as to maintain blood glucose
levels between 180 and 200 mg/dL [105]. The Leuven algorithm or protocol has become the gold standard protocol
for glucose management of critically ill patients in ICUs.
According to this protocol, an insulin infusion is started if
the blood glucose level > 110 mg/dL, and the infusion was
adjusted to maintain normoglycemia (80 to 110 mg/dL).
The maximal recommended dose of insulin was randomly
set at 50 IU/h. When the patient was shifted from the ICU,
a conventional approach was implemented, i.e. maintenance of blood glucose level between 180 and 200 mg/
dL. Regardless of history of diabetes or hyperglycemia,
intensive insulin treatment reduced the number of deaths
from multiple-organ failure associated with sepsis [106].
Intensive insulin treatment also reduced the use of intensive care resources in ICU, prevented acute renal failure,
and reduced the risk of cholestasis and polyneuropathy
due to either hyperglycemia or insulin deficiency or both
[105, 107].
Apart from its use in routine treatment of DM, negative effects of hyperglycemia are well known in patients
with diabetes and now reported to be the same for critically ill patients. The use of insulin must be to maintain
blood glucose and reduce morbidity and mortality among
critically ill patients in the ICUs, regardless of the history
of diabetes [106].
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Role of insulin in cancer treatment
Insulin potentiation therapy (IPT) is a treatment regimen
using insulin as an adjunct to conventional chemotherapy, which was invented by Dr. Donato Perez Garcia in
1932 [108]. It is claimed that insulin potentiates the effects
of chemotherapy, which enables 75%–90% reduction of
the estimated doses of anticancer drugs thus reducing
the risk of their adverse effects [108]. Therefore, insulin is
used as an adjunct to low-dose chemotherapy.
The mechanism of potentiation of chemotherapy is
unclear. The following mechanisms were put forward.
Firstly, insulin increases the permeability of the cell membrane for cytotoxic drugs, resulting in higher intracellular
drug concentrations. On the other hand, with the influence
of insulin on cell cycle kinetics, insulin would increase the
S-phase fraction of tumor cells, i.e. increase the number of
cells with active DNA replication, hence making the tumor
more vulnerable for the action of cytotoxic drugs, in particular cell-cycle-phase-specific agents. Additionally, IPT
would differentiate between cancerous and normal cells
based on the higher levels of insulin receptors on cancerous cells [109].
In previous IPT clinical trials [110, 111], cancer patients
were administered insulin 0.3 to 0.4 U per kg body weight
intravenously, followed by chemotherapy at lower doses
than usual, starting 20 min after insulin administration
or sooner if symptoms of hypoglycemia were observed.
In another case study [112], a woman with breast cancer
was treated with IPT. Treatment (insulin+chemotherapy)
was repeated twice weekly for 3 weeks and then weekly
for 5 weeks. After 8 weeks, the breast mass was no longer
palpable, and no evidence of tumor was found on a
xeromammogram at 3 months.
Still, clinical trials need to prove whether such low
doses of chemotherapy in combination with insulin can
produce the same anticancer effect as the recommended
doses, and whether the use of lower doses of chemotherapeutic drugs may promote drug resistance needs to be
evaluated.

Insulin for calcium channel blockers
and β-blocker overdoses
The overdoses of β-blockers and calcium channel blockers (due to unintentional or suicidal ingestions, medication errors, or drug interactions) may be associated with
significant morbidity and mortality [113]. General goals of
therapy are aimed at improving inotropy and chronotropy.

Important interventions to manage their overdose include
intravenous fluids, atropine, glucagon, calcium, and vasopressors. Unfortunately, in severe overdoses, these agents
do not consistently improve hemodynamic parameters [114].
From recent clinical and experimental evidence, HDI
therapy has emerged as an effective antidote to calcium
channel blocker and β-blocker overdose [115, 114]. In the
previous literature reports of calcium channel blocker and
combined calcium channel blocker and β-blocker ingestions, the majority of patients have received between 0.5
and 2 units/kg/h insulin infusions [116].
In a case report [117], a young woman presented to
the emergency department with history of β-blocker overdosage. Normal saline boluses of a total 4 L was infused,
but her systolic blood pressure was 50 mm Hg, and also
patient’s hypotension was refractory to epinephrine
requiring additional norepinephrine and dobutamine, as
well as a glucagon infusion, started at 0.5 mg/h. HDI therapy
was then initiated. One insulin bolus (0.25 units/kg) was
administered, followed by a regular insulin infusion, initiated at 0.3 units/kg/h and increased to 0.5 units/kg/h.
Blood glucose levels were checked every 10 min, and
dextrose infusion was titrated to maintain glucose concentrations above 100 mg/dL. The patient’s hemodynamics began to stabilize (93/59 mm Hg), and her condition
improved within 2 h of HDI initiation. Vasopressors were
titrated down slowly and were all discontinued [117].
The benefit of insulin in β-blocker and calcium
channel blocker overdose is anticipated to be related to
three primary mechanisms: increased inotropy, increased
intracellular glucose transport, and vascular dilatation.
Exogenous insulin is believed to improve cardiac function by increasing myocardial carbohydrate metabolism,
which in turn expedites myocardial oxygen delivery and
cardiac contractility [117]. HDI appears to enhance cardiac
contractility without increasing myocardial work, unlike
cathecholamines.
General recommendations for HDI dosing include
an initial bolus of 1 unit/kg followed by a 0.5–1 unit/kg/h
continuous infusion, although doses of up to 10 units/kg/h
have been used in refractory cases. HDI’s accessibility, economical cost, and minimal adverse event profile further
support its use widely. Adverse events of insulin are predictable and can be effectively managed with glucose and
potassium supplementation [118].

Conclusions
This review explores the diverse newer applications of
insulin, which conventionally has been associated with
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the management of DM, and suggests that it is a potential
remedial for many more diseases, importantly in ICUs to
treat septic shock, β-blocker and calcium channel blocker
toxicity, and myocardial infarction and to significantly
reduce doses of chemotherapeutic drugs in the management of cancer. With developments in insulin therapy still
happening, it is worth keeping up to date on some interesting innovative applications of insulin other than in DM.
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ABSTRACT
Introduction: Tonsillar infection may stem from bacteria within
tonsillar crypts or parenchyma rather than from those on the
surface. Pathogens isolated from surface culture may be
colonizing the tonsil, but not essentially infecting it. Anaerobes
though not often studied, are known to cause chronic tonsillitis.
Aim: To study the correlation of anaerobic bacterial isolates in
surface and core cultures from recurrently infected and inflamed
tonsils.
Materials and Methods: A cross-sectional study was conducted
in Charitable Hospital and Medical Research Centre, Belagavi
from January 2014 to December 2014 on 100 patients of chronic
tonsillitis who underwent tonsillectomy. Swabs were obtained
from tonsil surface and core and analysed for anaerobes as per

standard protocol. Chi-square test and Fischer-Exact test were
used for statistical analysis.
Results: Twenty eight out of 63 (44.4%) patients had anaerobic
growth on tonsil surface and 30 out of 62 (48.4%) patients had
anaerobic growth in tonsil core. Porphyromonas sp. was the
most common anaerobe isolated from the surface as well as
from the core. There was no statistical significance between
anaerobes isolated in the tonsil surface and core.
Conclusion: Anaerobic organisms obtained from tonsil surface
and core cultures were similar. A throat swab satisfactorily
depicts the core organism and is reliable in recognizing the
bacteriology of chronic tonsillitis. Anaerobic organisms known
to inhabit the surface as well as the core of tonsils may be
treated with suitable antibiotic therapy.

Keywords: Bacteria, Porphyromonas, Tonsillectomy

INTRODUCTION
The tonsils are situated in areas where microorganisms are teeming,
enabling the passage of organisms through areas of deficient
epithelium, bearing the effect of individual attacks of tonsillitis. Thus
it is very important to identify the individual pathogens causing
tonsillitis, and also affecting joints, heart and kidneys, resulting in
dreadful consequences [1].
Tonsillar infection may arise from bacteria within the tonsillar
parenchyma or crypts rather than those on the surface, which
may be colonizing the tonsil, without essentially infecting it.
A possible explanation for not acquiring an accurate culture of
pathogenic microorganisms is that the sole aerobic techniques are
unsatisfactory. Anaerobic technique would increase the isolation of
organisms, so that the most sensitive antibiotic can be administered
and the cause of the recurrence identified. Moreover, the cost and
procedure of tonsillectomy, the agonising post-operative pain and
complications can be minimised [2].
In tonsillitis, bacteria colonise the surface as well as the core.
Hence, antibiotic treatment based only on tonsil surface culture
report may sometimes fail [3].
Anaerobes though not studied on a regular basis in cases of
chronic tonsillitis, are recognized causative organisms in infection
and recurrence of the disease.

MATERIALS and METHODS
A cross-sectional study was conducted on 100 patients of
chronic tonsillitis between 5 and 52 years of age, who underwent
tonsillectomy in Department of ENT, KLEs Dr. Prabhakar Kore
Charitable Hospital and Medical Research Centre, Belagavi, from
January to December 2014, after obtaining written informed
consent. There were 47 male and 53 female patients. Those with
tonsillar malignancy and who failed to give consent were excluded.
There was no control group.
Journal of Clinical and Diagnostic Research. 2016 Nov, Vol-10(11): MC01-MC03

One swab was procured from the tonsillar surface intraoperatively
by rotating sterile cotton wool swabs over the surface of the tonsil,
avoiding any other part of the oropharynx, before tonsillectomy.
The tonsillar specimen obtained after surgery was immediately
dipped into povidone iodine solution for half a minute and then
rinsed in sterile saline solution. It was sectioned into two parts
following thorough asepsis. Another sterile swab was applied to
the inner surface of the sectioned tonsil, without touching the outer
surface. The two samples were transported to the Microbiology lab
in thioglycollate medium for anaerobic culture. The samples were
processed as per the standard protocol [4,5]. Statistical analysis
was done to determine percentage and the significance between
the anaerobic isolates from surface and core of infected tonsils by
application of Chi-square test and Fischer-Exact test. Institutional
Ethics Committee approval was obtained.

RESULTS
Chronic tonsillitis was most predominant (44%) in the adolescent
age group (11-20 years) with a slight female predilection (53%).
Indications for surgery were chronic tonsillitis in 63%, chronic
adenotonsillitis in 36% and chronic adenotonsillitis with bilateral
chronic otitis media in 1%. Tonsillitis was parenchymatous type in
83 (83%) and follicular type in 17 (17%) patients, with nil cases of
membranous tonsillitis.
The number of patients with bacterial growth on tonsil surface and
core were 63 (63%) and 62 (62%). Twenty-eight out of 63 (44.4%)
and 30 out of 62 (48.4%) patients had anaerobic growth on tonsil
surface and core respectively. The remaining 35 out of 63 (55.6%)
and 32 out of 62 (51.6%) did not have any anaerobic growth on
tonsil surface and core respectively. Twenty-two out of 36 (61.1%)
patients had anaerobic growth on tonsil surface as well as in tonsil
core, of which 13 patients had the same growth on tonsil surface
as well as core. The remaining 14 patients (38.9%) patients had
anaerobic growth in either tonsil surface or in core. One out of
1
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28 (3.6%) patients had polymicrobial anaerobic growth on tonsil
surface. No patients had polymicrobial anaerobic growth in tonsil
core. The most common anaerobic bacterium isolated from tonsil
surface and core was Porphyromonas sp. in 41.4% and 33.3%
respectively. There was no statistically significant difference
between the anaerobic bacteria in tonsil surface and core [Table/
Fig-1].

Peptostreptococcus sp., Bilophila sp., Actinomycetes concomitans
(3.4%) were the uncommon anaerobic bacteria isolated exclusively
in surface cultures. Previous studies have almost never isolated
Bilophila sp. and Actinomycetes concomitans. Taylan et al., noted
that Peptostreptococcus sp. was the most common organism in
tonsil core (37%) [16]. However, in our study, Peptostreptococcus
sp. was isolated only from the surface. [Table/Fig-2].
The core cultures also isolated Bacteroides fragilis (26.7%),
Prevotella melaninogenica (20.0%) [Table/Fig-3], Prevotella
intermedia (16.7%) and Fusobacterium sp. (3.3%) [Table/Fig-4].
There was no statistically significant difference (p-value > 0.05)
between the anaerobic bacteria found in tonsil surface and core.
Polymicrobial anaerobic isolates were cultured in 3.65% surface
cultures, whereas there was no polymicrobial anaerobic flora
isolated from core culture.

Anaerobic Growth

Tonsil Surface
Number (%)

Tonsil Core
Number (%)

p-value

Porphyromonas sp.

12 (41.4%)

10 (33.3%)

0.522

Bacteroides fragilis

5 (17.2%)

8 (26.7%)

0.382

Prevotella intermedia

3 (10.3%)

5 (16.7%)

0.742

Prevotella melaninogenica

2 (6.9%)

6 (20.0%)

0.276

Prevotella loescheii

3 (10.3%)

0 (0.0%)

0.112

Fusobacterium sp.

1 (3.4%)

1 (3.3%)

1.00

Peptostreptococcus sp.

1 (3.4%)

0 (0.0%)

0.491

Study

Present study

Klug et al., [15] Taylan et al., [16]

Anaerobic growth
on tonsil surface

44.4%

30.4%

-

Anaerobic growth
on tonsil core

48.4%

36.5%

30.7%

Most common
anaerobe on tonsil surface

Porphyromonas
sp.

Prevotella sp.

-

Most common
anaerobe on tonsil core

Porphyromonas
sp.

Prevotella sp.

Peptostreptococcus sp.

Bilophila sp.

1 (3.4%)

0 (0.0%)

0.491

Actinomycetes concomitans

1 (3.4%)

0 (0.0%)

0.491

29 (100%)

30 (100%)

Total

[Table/Fig-1]: Statistical analysis of anaerobes isolated on tonsil surface and tonsil
core.

DISCUSSION
Tonsillitis most often presents in the first ten years of life and
antibiotic therapy is many a time inadequate or inappropriate,
leading to persistent, resistant, recurrent infection and chronicity.
In our study, chronic tonsillitis was primarily seen in adolescents
(44%) of 11-20 years, followed by children (41%). Age incidence
was comparable to some of the previous studies [1,2,6-8]. Females
(53%) were in majority in the present study, while males were
47%, male:female ratio being 1:1.12. This could be attributed to
the increased health awareness in women in the last decade. On
the contrary, gender incidence was higher in men as per many of
the previous studies [1,6,8]. In a study by Jayasimha et al., which
included 50 patients with recurrent tonsillitis, the most common
age group was 11-20 years. Male: female ratio was 1:1.5 [9].
Surgical indications included chronic tonsillitis in 63%, followed
by chronic adenotonsillitis in 36% and chronic adenotonsillitis with
bilateral chronic otitis media in 1%. Tonsillitis was parenchymatous
in nature in 83%, follicular in 23% and not a single case of
membranous tonsillitis. In the current study, growth of bacteria on
the surface and core of tonsils was almost equal (63% and 62%
respectively). An identical incidence of surface and core isolates
was observed in three studies [2,5]. A study conducted by Rekabi
et al., revealed pathogenic organisms in 65% (78 of 120) patients,
with 43 surface isolates and 35 core isolates [10]. Another study
showed microorganisms on tonsil surface in 76.1% and in core in
79.6% patients [11]. However, three other studies observed core
isolates to be nearly twice that of surface isolates [12-14]. The
absence of growth in tonsil surface and core in the other patients
could be justified by a probable viral etiology in causing chronic
tonsillitis, which has not been analysed in our study.
Anaerobic isolates in the surface and core cultures in the present
study were almost equal (44.4% & 48.4% respectively). Another
study revealed anaerobic growth in 20% surface isolates and 62.5%
core isolates [15]. In our study, anaerobes were isolated in 61.1%
patients, in both surface and core cultures. Same isolates were
seen in 59.1% in cultures from surface and core. Porphyromonas
sp. was the most common anaerobe isolated in both surface
and core cultures (41.4% and 33.3% respectively) in the present
study. Klug et al., found Prevotella sp. and Fusobacterium sp.
as the predominant anaerobes [15]. Bacteroides fragilis (17.2%),
Prevotella intermedia, Prevotella loescheii (10.3% each), Prevotella
melaninogenica (6.9%) were the other anaerobic isolates from
surface cultures in the present study. Fusobacterium sp.,
2
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[Table/Fig-2]: Comparison of findings of present study and previous studies.

[Table/Fig-3]: Growth of Prevotella melaninogenica and Bacteroides fragilis.

[Table/Fig-4]: Comparison of anaerobes isolated on tonsil surface and tonsil core.

LIMITATION
The authors recommend additional studies to assess the likely role
of viral organisms and host factors like socio-economic status,
malnutrition and poor oral hygiene in a larger population and over
wider geographical areas.
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CONCLUSION
Surface and core anaerobic cultures of tonsils are equally
comparable. This could possibly be due to the fact that the swabs
were obtained under ideal conditions that included transporting
swabs with sterile precautions within one hour of tonsillectomy.
Hence, a throat swab adequately represents the core pathogen,
and is dependable in detecting the anaerobic bacteriology
of chronic tonsillitis and specific antibiotic treatment can be
administered based on surface anaerobe culture report.
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Summary
Background:

Cysticercosis is a parasitic infection caused by the larval stages of the pork tapeworm, Taenia
solium. The subcutaneous form of the disease is a relatively rare clinical entity. Despite its rarity, it
is imperative for a radiologist to be aware of this subcutaneous form of the disease and its various
radiological patterns while evaluating any subcutaneous swelling. In this paper, we aimed to
describe a typical case of ‘subcutaneous cysticercosis involving the left anterior chest wall’ with
high resolution ultrasound findings. We also discussed the role of other imaging modalities in
a case of subcutaneous cysticercosis. To the best of our knowledge, our case is only the second
documented case report of sonological evaluation of subcutaneous cysticercosis involving the left
anterior chest wall and the first case with high resolution ultrasound images of the lesion.

Case Report:

An 11-year-old male presented with a painless, subcutaneous swelling over the left anterior chest
wall for the last 2 months. High resolution ultrasound showed a well-defined, thin-walled, cystic
lesion with an eccentric, echogenic focus in the subcutaneous plane. On change of the posture
of the patient, this focus showed mobility. The hypoechoic area surrounding this cyst showed
significant exudative fluid collection with diffuse, floating echoes and thin, incomplete internal
septations. The adjacent soft tissues were thickened and irregular, suggestive of edema. This
was followed by an excision biopsy. Histopathological examination revealed cysticercus cellulose
parasite with an extensive mixed inflammatory cell infiltrate in the surrounding tissue. The patient
was also administered oral antihelminthic therapy. Repeat ultrasound examination at the end of
this management regimen showed complete healing with no e/o any remnant or recurrent cystic
lesion, abscess or edema in the subcutaneous plane.

Conclusions:

Subcutaneous cysticercosis is a relatively rare form of cysticercosis but should always be
born in mind during the evaluation of subcutaneous swellings. High resolution ultrasound is a
valuable, safe, nonionizing, cost-effective, widely-available, and easily-reproducible imaging tool
for diagnosis of subcutaneous cysticercosis. There is a wide spectrum of ultrasound patterns of
subcutaneous cysticercosis. In classic cases with a cyst containing a scolex within and with a
surrounding abscess, high resolution ultrasound should always be the primary mode of diagnosis,
thus avoiding unnecessary fine needle aspiration cytologies.
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Background
Cysticercosis is a parasitic infection caused by the larval
stages of the pork tapeworm, Taenia solium. Though it is
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endemic in virtually all developing countries in Central and
South America, Asia, and Africa, the subcutaneous form of
the disease is a relatively rare clinical entity. Despite its
rarity, it is imperative for a radiologist to be aware of this
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Figure 1. Clinical photograph showing a swelling (white arrow) over
the left anterior chest wall.

Figure 2. Gray scale ultrasound image of the swelling in a
longitudinal section showing a well-defined, thin-walled
cyst (white, filled arrows) with an eccentric, echogenic
focus (white, unfilled arrow) in the subcutaneous plane.
The hypoechoic area surrounding this cyst shows significant
exudative fluid collection (asterix) with diffuse, floating
echoes and few floating, echogenic foci. The adjacent soft
tissues appear thickened and irregular, suggestive of edema
(black arrows). The underlying rib is denoted as ‘R’ in the
image.

subcutaneous form of the disease and its various radiological patterns while evaluating any subcutaneous swelling.
High resolution ultrasound is a valuable, safe, nonionizing,
cost-effective, widely-available, and easily-reproducible
imaging tool for diagnosis of subcutaneous cysticercosis. In
this paper, we aimed to describe a typical case of ‘subcutaneous cysticercosis involving the left anterior chest wall’
with high resolution ultrasound findings. We also discussed
the role of other imaging modalities in a case of a subcutaneous cysticercosis. To the best of our knowledge, our case
is only the second documented case report of sonological
evaluation of subcutaneous cysticercosis involving the left
anterior chest wall and the first case with high resolution
ultrasound images of the lesion.

Case Report
An 11-year-old male presented to the Department of
General Surgery with a painless, subcutaneous swelling
over the left anterior chest wall for the last 2 months. He
gave a history of gradually increasing size of this swelling over the last 1 month. There was no history of fever
or trauma. At physical examination, there was a soft, nontender, ovoid, sessile, non-pulsatile, subcutaneous swelling
measuring 4.5×3.0 cms approximately over the left anterior chest wall, around 2.5 cms inferior to the medial end
of the left clavicle (Figure 1). The skin over the swelling
appeared tense and glossy. There was no e/o similar swelling elsewhere in the body. Preliminary laboratory investigations revealed high sedimentation, C-reactive protein
(CRP) and leukocytosis. The clinical differential diagnoses
included a subcutaneous lipoma and an abscess. He was
referred to our Radio-Diagnosis Department for high resolution ultrasound evaluation of the swelling.
High resolution ultrasonography was performed on GE
VOLUSON 730 PRO machine (GE healthcare, Milwaukee,
USA) equipped with a 7.5–12 MHz high frequency linear
array transducer. The images were examined on real-time
two-dimensional gray-scale and Doppler imaging. All sonograms obtained were saved in a picture-archiving and
communication system. Ultrasound showed a 9×8-mm,
well-defined, thin-walled, cystic lesion with an eccentric,
echogenic focus measuring around 1.5 mm in diameter in

Figure 3. Gray scale ultrasound image of the swelling in a
longitudinal section showing change of position of the
echogenic focus (white, unfilled arrow) within the cyst
on change of the posture of the patient. The surrounding
exudative collection (asterix) shows diffuse, floating echoes
and thin, incomplete internal septations (white, filled
arrows) with few floating, echogenic foci.
the subcutaneous plane (Figure 2). On change of the posture of the patient, this focus showed mobility. However,
the echogenic focus did not cast any distal acoustic shadowing (Figure 3). The hypoechoic area surrounding this
cyst showed significant exudative fluid collection with diffuse, floating echoes and thin, incomplete internal septations. There were also few (around 3), floating, echogenic
foci within this pericystic collection, the largest measuring around 4.1 mm in diameter. The adjacent soft tissues
were thickened and irregular, suggestive of edema. There
was no e/o internal vascularity on color Doppler imaging.
The radiological diagnosis given was a typical subcutaneous cysticercosis with a pericystic abscess. Magnetic resonance imaging (MRI) evaluation of the brain and plain radiographic evaluation of the upper and lower extremities and
the abdomen which were obtained to look for disseminated
cysticercosis revealed normal studies.
Fine needle aspiration cytology (FNAC) was further performed using a 22-G needle and 10-mL syringe. There were
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Figure 4. Life cycle of Taenia solium.
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fragments of bluish, fibrillary material with interspersed
small nuclei. Mixed inflammatory cells comprised of neutrophils, eosinophils, lymphocytes and histiocytes were
seen surrounding the fibrillary material. A diagnosis of
parasitic infection was made on cytology. An elective excision biopsy was performed. Histopathological examination
revealed cysticercus cellulose parasite in the tissue section
with an extensive mixed inflammatory cell infiltrate in the
surrounding tissue. A final diagnosis of subcutaneous cysticercosis was made. The patient was also administered oral
antihelminthic therapy. Repeat ultrasound examination
at the end of this management regimen showed complete
healing with no e/o any remnant or recurrent cystic lesion,
abscess or edema in the subcutaneous plane.

Discussion
Cysticercosis is a parasitic infection caused by the larval stages of the pork tapeworm, Taenia solium [1,2]. The
disease is endemic in virtually all developing countries
in Central and South America, Asia, and Africa, with the
exception of Muslim countries where pork is not consumed [3–9]. The perpetuation of this parasitic disease is
related to poor sanitation and hygiene [10,11].
Cysticercosis usually occurs as a result of consumption of
food or water contaminated by human faeces containing
Taenia solium eggs. Humans are the only definitive host in
the lifecycle of Taenia solium (Figure 4) (Step 1) [9,12,13].
Humans can become infected by consuming gravid proglottids either through feco-oral route or by autoinfection
(Step 2) [2,14,15]. There is also a high risk of infection by
reverse peristalsis resulting in internal regurgitation of
the eggs into the stomach when the intestine harbours a
gravid worm [7]. The oncospheres penetrate the intestinal
mucosa (Step 3) and develop into cysticerci after getting
carried to various parts of the body including brain, eyes,
striated muscles, liver, heart, lungs, peritoneum, breast
and subcutaneous tissues. Ingestion of the undercooked

480

pork containing these cysticerci is the exclusive path to the
development of human intestinal Taenia solium tapeworms
(Step 4). By means of a single scolex or head, these cysts
attach to the small intestine (Step 5). Adult tapeworms
develop and reside in the small intestine for a period varying from months to years (Step 6). Basically, all the clinical symptoms can be attributed to the vigorous granulomatous inflammatory reaction that occurs when the larvae
die [3,14].
Cysticercosis is commonly seen in the brain and eyes,
which together constitute 86% of these cases [12,16,17].
The remainder is mainly located in the muscles, heart,
lungs, peritoneum and breast [3,7,8,18,19]. Subcutaneous
cysticercosis is a relatively rare form of cysticercosis but should always be born in mind during the evaluation of subcutaneous swellings. It can be confused with
other clinical entities depending upon the location of the
swelling like a lipoma, ganglion cyst, sebaceous cyst, dermoid, abscess, pyomyositis, tuberculous lymphadenitis,
neuroma, sarcoma, myxoma, neurofibroma or fat necrosis [3,4,10,13,15,20]. The clinical features of subcutaneous cysticercosis depend on the location of the cyst,
the cyst burden, and the host reaction [14,21,22]. It may
cause painless or painful subcutaneous nodules [15].
Lymphadenopathy is a rare mode of presentation of cysticercus infestation [18]. Very few previous studies have
mentioned the entity of subcutaneous cysticercosis involving the chest wall. To the best of our knowledge, our case
is only the second documented case report of sonological
evaluation of subcutaneous cysticercosis involving the left
anterior chest wall and the first case with high resolution
ultrasound images of the lesion. Lohra S. et al. first documented a case of subcutaneous cysticercosis involving the
left anterior chest wall with ultrasound evaluation [4].
The diagnosis is relatively difficult to make solely on a clinical basis because the manifestations are not specific, and
visualization of the organism usually is not feasible [23].
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High resolution ultrasound is a valuable, safe, nonionizing,
cost-effective, widely-available, and easily-reproducible
imaging tool for diagnosis of subcutaneous cysticercosis.
Naik, et al. in their study involving the evaluation of soft
tissue cysticercosis observed that the most common ultrasound appearance was that of a cyst containing a scolex
within and with a surrounding abscess [16,24]. The ultrasound appearance in our study fits into this pattern. This
appearance may be due to chronic intermittent leakage of
fluid from the cyst due to degeneration of the cyst, resulting in a chronic inflammatory response with a fluid collection around the cyst [14,25–27]. The other common ultrasound appearance is that of a cyst containing a scolex within and with a surrounding edema but without an obvious
abscess. Less commonly, it can also present as an irregular cyst with no scolex within but just with a surrounding edema [24]. Plain radiographs rarely show cysticerci
except in chronic cases when they calcify. Plain radiography in a case of subcutaneous cysticercosis can reveal single or multiple radio-dense foci giving a characteristic rice
grain appearance [10,28]. However, in case of subcutaneous cysticercosis involving the chest wall, any underlying
pulmonary or pleural lesions can superimpose over these
tiny foci in the subcutaneous plane and obscure the subcutaneous involvement. Also, radiographs are insensitive
in few cases of cysticercosis, where only an irregular cyst
with a surrounding edema but no scolex within is seen.
Computed tomography (CT) and magnetic resonance imaging (MRI) scans are the other imaging modalities used for
evaluating subcutaneous cysticerci. They help in showing the location, number, and relationship of the cysticerci
to the surrounding structures. The diagnosis in our case
report was suggested on the basis of sonographic findings.
Although CT is sensitive in the visualization of tiny calcific
foci, it has an inherent drawback of exposing the patient
to ionizing radiation. MRI is a useful imaging adjunct to
diagnose soft tissue and subcutaneous cysticercosis. It is a
nonionising imaging tool and is more sensitive than CT as
it identifies scolex and the cyst [29]. Cysticercosis is seen as
a cystic lesion that appears hyperintense on T2-weighted
images and hypointense on T1-weighted images [10].
Peripheral rim enhancement of the cyst wall is also
known. Intramuscular cysts are oriented in the direction
of the muscle fibers. The scolex is also appreciated as a tiny
hypointense speck within the hyperintense cyst [30].

than ELISA (Enzyme linked immune sorbent assay) [31].
However, sensitivity of serological tests tends to be high for
patients with multiple cysts (94%), but substantially lower
for patients with a single cyst or calcified cysts (28%) [1,32].

Serological tests for detecting antibodies against cysticercosis are used to confirm the diagnosis. Enzymelinked immunoblot assay is more sensitive and specific

The diagnosis of cysticercosis can be confirmed by fineneedle aspiration cytology (FNAC) or biopsy, which shows
the detached hooklets, scolex, and fragments of the spiral wall of cysticercosis cellulosae [3,8,18,20,33,34].
Sometimes, the larval parts may not be seen in the specimen, but an inflammatory reaction consisting of large
numbers of eosinophils and histiocytes can still be
seen [1,2,7,9,16,21]. Although FNAC is an important tool
for evaluation of subcutaneous lesions, it is painful, incurs
health care costs, and contains the risk of infection and
bruising [35]. There is also a remote chance of hypersensitivity reaction in susceptible individuals [21]. Thus, in typical cases with a cyst containing a scolex within and with
a surrounding abscess, high resolution ultrasound should
always be the primary mode of diagnosis.
Treatment of subcutaneous cysticercosis depends on the
location of the cysts [22]. Surgical excision is done for isolated soft tissue cysticercosis associated with an abscess
[36]. Cysts that are not associated with an abscess can be
treated with antihelminthic medications such as albendazole or praziquantel [10,16,27,36]. Follow-up ultrasound
study is usually performed after three weeks of antihelminthic medication to look for resolution of the lesion [15].

Conclusions
Subcutaneous cysticercosis is a relatively rare form of
cysticercosis but should always be born in mind during
the evaluation of subcutaneous swellings. High resolution
ultrasound is a valuable, safe, nonionizing, cost-effective,
widely-available, and easily-reproducible imaging tool for
diagnosis of subcutaneous cysticercosis. There is a wide
spectrum of ultrasound patterns of subcutaneous cysticercosis. In classic cases with a cyst containing a scolex
within and with a surrounding abscess, high resolution
ultrasound should always be the primary mode of diagnosis, thus avoiding unnecessary fine needle aspiration
cytologies.
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Abstract

Introduction: Acute Respiratory Infection (ARI) is a major cause of
morbidity and mortality in developing countries in children especially in
under-fives. Every year in the world, about 13 million under-5 children dies,
95% from developing countries; one third of total deaths are due to ARI.
The aim of this study was to identify the significant risk factors for ARI in
children less than five years of age living in rural areas of Central India.
Methods: A hospital based case control study was undertaken to determine
risk factors associated with respiratory tract infections in children. Children
less than 5 years admitted in a pediatric ward with diagnosis of ARI were
enrolled in the study as cases (n = 300) while the same number of controls (n
= 300) were selected from neighborhood and were matched for age, sex and
religion. Details of risk factors in cases and controls were recorded in predesigned proforma.
Results: A significant association was found between ARI and lack of
breastfeeding, nutritional status, immunization status, delayed weaning,
prelactal feeding, living in overcrowded conditions, mothers’ literacy status,
low birth weight and prematurity. Among the environmental variables,
inadequate ventilation, improper housing condition, exposure to indoor air
pollution in form of combustion from fuel used for cooking were found as
significant risk factors for ARI in under-fives.
Conclusions: ARIs are affected by socio-demographic and socio-cultural
risk factors, which can be modified with simple interventions. The various
risk factors identified in this study were lack of breastfeeding, undernutrition,
delayed weaning, overcrowding and prelactal feeding.
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Introduction

Acute Respiratory Infection (ARI) continues
to be the leading cause of acute illness worldwide
and remain the most important cause of infant
and young children mortality [1-4]. ARI in young
children is responsible for an estimated 3.9 million
deaths every year worldwide. It is reported that
Bangladesh, India, Indonesia and Nepal together
account for 40% of the global ARI mortality. ARI
deaths about 90% are due to pneumonia which
is usually bacterial in origin. The incidence of
pneumonia in developed countries may be as low
as 3-4%, whereas in developing countries range
between 20-30%. The difference is due to high
prevalence of malnutrition, low birth weight and
indoor air pollution in developing countries [5, 6].
ARI is a serious threat to infant and child survival
in India. Hospital records from states with high
infant mortality rates show that up to 13% of the
inpatient deaths in pediatric ward are due to ARI
[7]. Whereas, outpatient attendance attributing to
ARI is as high as 20-40% of all outpatients and
12-35% of in-patients [8]. It has been reported that
there are links between environmental risk factors
(such as overcrowding, outdoor air pollution, and
indoor pollution) and risk factors in the child (such
as breastfeeding, low birth weight, malnutrition,
and vitamin A deficiency) with ARI [9-10]. In
India, most of the population is integrated in rural
area and therefore there is a need to have knowledge
of these risk factors related to acquisition of ARI,
as it will help in its prevention, through community
health education. This study was done to know the
risk factors in the routine habitat of the Indian rural
setup leading to ARI.
Material and methods

This study was a case-control, study, conducted
in Department of Pediatrics, Acharya Vinoba Bhave
Rural Hospital, Sawangi (Meghe), Wardha, from
August 2010 to July 2012. Children of less than 5
years admitted in ward with diagnosis of ARI were
enrolled in the study as cases (n = 300) while the same
number of controls (n = 300) were selected from
neighborhood and were matched for age, sex and
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religion. Detailed history of the patient was taken,
with presenting complaints, helping to differentiate
between Upper Respiratory Tract Infection (URTI)
and Lower Respiratory Tract Infection (LRTI). Chief
complaints included history of fever, cough, throat
pain, nasal obstruction, bad breath, running nose,
stridor, ear ache and ear discharge were considered
as URTI, whereas cough, increased respiratory rate,
difficulty in breathing, wheeze, chest in drawing
were labeled as LRTI. Past history included history
of choking, or history of recurrent respiratory
tract infection, and the frequency of infection
in past, signifying the severity of the condition.
Recurrent ARI was defined as at least two episodes
in one year or three or more episodes any time with
radiographic clearing between episodes, requiring
further investigation. Dietary history was asked in
details from the parents of the patient. Method used
for calculation of the diet was “24 hours recall
with emphasis on the diet of a representative day”.
Calories and proteins were calculated and compared
with total calorie and protein intake recommended
for each age and deficit was calculated. Feeding
patterns was noted. Immunization history was
asked in detail from the parents. A child was
assessed to be completely immunized if he/she had
received all vaccinations due for the age according
to national immunization schedule (BCG, OPV,
DPT and measles). Age, education, occupation
of the parents were inquired along with details
of the siblings regarding similar complaints if
any. Socioeconomic status was determined using
Modified Kuppuswami Scale [11]. Details of housing
conditions, medium of fuel used for cooking was
obtained. Anthropometry included weight, length/
height, and head circumference. Assessment was
done as per the standardized methods. Respiratory
system was emphasized on and other systems
were also evaluated. Ethical approval for the study
was obtained from the Jawaharlal Nehru Medical
College (JNMC) ethical review Committee. The
statistical software Epi Info™, version 6, was used
for statistical analysis. Association of each of the
categorical variable with ARI was assessed with
chi-square test and the strength of their association
was calculated by unadjusted odds ratio; p-value <
0.05 was considered as statistically significant.
Results

Out of 300 cases, 200 were males and 100 were
females. Among 300 cases, 50 were below age of
2 months, 100 were between 2 to < 12 months and
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150 between 12 to < 60 months age. Out of 300
cases 42 had normal nutritional status and 258 were
undernourished. Among 300 cases only 128 were
fully immunized while 10 were not immunized
at all and 162 were partially immunized. The
corresponding figures for control were 210, 3, and 87
(X2 9.45; p-value 0.004; OR [CI]: 2.17 [1.32-4.04]).
Among the 220 cases above the age of 6 months,
46 had not started weaning yet, 52 had started late
i.e. after 9 months and 122 had started weaning at 6
months of age while out of 220 controls above the
age of 6 months 18 had not started yet, 21 started
late i.e. after 9 months, and 181 had started weaning
at 6 months. (X2 12.45; p-value 0.0005; OR [CI]:
3.27 [1.67-9.34]). Among controls, 54% who did not
start prelactals feeding and 46% started prelactals
feeding while only 30% did not start prelactals
feeding and 70% started prelactals feeding among
cases (X2 = 11.19, p < 0.002). Amongst the four
nutritional variables considered in this study, lack of
breastfeeding, malnutrition, and inadequate caloric
intake were significantly associated with ARI.
Among cases 54% had illiterate mother and 46%
had literate mother while only 30% had illiterate
mother and 70% had literate mother among controls
(X2 8.95; p-value 0.003; OR [CI]: 2.57 [1.47-4.34]).
When father’s literacy was considered 30% had
illiterate father and 70% had literate father among
the cases and 25% had illiterate father and 75%
had literate father among the controls (X2 0.35;
p-value 0.63). Majority of case belonged to the low
socioeconomic group 65.8% compared to 55.2%
in control group, low socioeconomic class being
significantly (p < 0.0001) associated with ARI.
53.2% of case with history of overcrowding in
family had high risk of ARI compared to the control
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group 22.8%, (p < 0.0001, OR = 3.84). Among 300
cases only 9% were premature and 91% were full
term mature while among the 300 controls only
2% was premature and 98% were full term mature.
Patient staying in house with mud floor or cement
floor did not prove to be significant in occurrence
of ARI. 44.2% of cases staying in houses with
inadequate ventilation had high risk of ARI as
compared to those staying in houses with adequate
ventilation facility. Exposure to kerosene smoke
in children proved to be of significance in causing
ARI. 17% of study population who had exposure to
kerosene smoke had high risk of ARI. X2 = 22.57;
p < 0.0001). Study group with exposure to firewood
smoke were found to be 44.4%, who had higher risk
of ARI (X2 = 46.23; p < 0.0001). 49.8% of the study
population did not have a separate kitchen and had
high risk of ARI (X2 = 89.31; p < 0.0001). Exposure
to passive smoking proved to be highly significant
risk factor (X2 = 149.5 p < 0.0001; OR = 6.92) with
45.6% of cases presenting with ARI.
Discussion

Every year ARI in young children is responsible
for an estimate 3.9 million deaths worldwide. The
incidence of pneumonia in developing countries is
high due to increased prevalence of malnutrition,
low birth weight and indoor air pollution in
developing countries [5]. Risk factors that would
specifically manifest themselves during crisis
include: malnutrition; indoor air pollution from
use of solid fuels; overcrowding and decreased
coverage of immunization [12]. It has been found
that lack of breastfeeding is associated with
increased risk of development of severe pneumonia

Table 1. Socio-demographic and nutritional variables in ARI cases and controls.
Variables

Cases

Controls

P-value

OR

95% CI

Illiterate

138

210

0.0003

2.57

1.47-4.34

Literate

162

90
0.004

2.17

1.32-4.04

0.0001

3.27

2.40-5.76

0.0001

2.73

1.95-3.83

Mother’s education

Immunization
Incomplete for age

172

90

Complete for age

128

210

Inappropriate age

98

39

Appropriate age

122

181

Given

210

138

Not given

90

162

Weaning started at

Prelacteal feeds
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by 1.5 to 2.6 times [13, 14]. Yoon et al. [15] had
found that lack of breastfeeding increased the
chances of mortality by 5.7 times in infant with
acute lower respiratory infection and diarrhea in the
first 6 months of life. Studies in developed countries
have shown that higher rate of infection is common
in younger sibling of school going children who
introduce infection into the household. Severe
underweight was another predictor of pneumonia,
since severely malnourished children are often
immuno-compromised, and their respiratory
tract mucosa lacks an adequate protective ability
against pathogenic microbes that commonly cause
pneumonia [15-17]. Low birth weight has been
associated with development of pneumonia [18, 19].
Infection leads to malnutrition and malnourished
children are more prone for various infections. The
same thing was found in these cases. The present
study found a significant association between ARI
and nutritional status (p < 0.001) with odds ratio
4.17. Other studies done by Fonseca et al. [14],
Rahman et al. [20] found similar association. A
significant association was found between ARI and
prelactal feeding. Occurrence of ARI was more in
those children who started prelactal feeding (70%)
as compare to (30%) not started prelactal feeding.
Similar finding was observed in study carried
out by Deb [21] and Savitha [10]. Timely started
complementary feeding has impact on nutritional
status of children which in turn affects occurrence
of ARI and other communicable disease during
childhood [22, 23]. A significant association was
found between ARI and complementary feeding.
The fully immunized children are less in cases. The
fully immunized child is protected against various
respiratory infections like diphtheria, pertussis
and complications of measles. Children who are
not fully immunized are at risk of development
of these infections. In the present study, a
significant association was found between ARI and
immunization (p < 0.005), which is also reported
by Fonseca et al. [14] and Shah et al. [18]. The
odds ratio is 2.17, revealing 2.17 times more risk
of ARI for partially immunized or unimmunized as
compared to fully immunized. The present study
found a significant association between weaning
status and ARI (p < 0.05). Odds ratio 3.27 revealed
3.27 times risk of ARI if weaning was not started
at right time. Shah et al. [18] revealed weaning
delay as a probable risk factor for ARI. As weaning
is delayed or not started at proper time there are
chances of malnutrition development, which is
an important risk factor for ARI. Low socio-
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economic class is associated with increased risk of
infections, due to less annual income of the family
compared to the number of living family members
and inadequacy of benefits of health care facility.
Our study shows that majority of cases belonged to
the low socioeconomic group 65.8% compared to
55.2% in control group, low socioeconomic class
being significantly (p < 0.0001) associated with
ARI. Overcrowding also proves to be a significant
risk factor, resulting in high risk of acquisition of
ARI in children. Study done by Savitha et al. [10]
showed slightly more cases associated with ARI,
91.35% and 80.87%, respectively. Our study found
that 53.2% of cases with history of overcrowding
in family had a high risk of ARI compared to the
control group 22.8% (p < 0.0001, OR = 3.84).
A significant association was found between
maternal literacy status and ARI (p < 0.01) but
not with father’s literacy (p > 0.05). Victora et
al. [24] revealed risk of pneumonia declined with
education of parents. Usually father remains outside
for job most of the times but mother is always in
the home taking care of children and household
activities. Mother due to her close association
with child recognizes the minor changes in child’s
health than father. Because of such factors mother’s
literacy might play important role in child’s disease
than father’s literacy. The premature children are
more prone for various infections like respiratory
infections. Thus present study found nutritional
status, immunization status, delayed weaning,
mother’s literacy, and prematurity as significant
risk factors for ARI in under-fives. In our study,
we found that the environmental variables,
inadequate ventilation (OR 3.5; 95% CI 2.51-5.16),
improper housing condition (OR 2.5; 95% CI 1.915.16), exposure to indoor air pollution in form of
combustion from fuel used for cooking (OR 6.5;
95% CI 2.51-7.16) were significant risk factors
for ARI. This risk factor was considered as other
studies showed an association of presence of mud
floor with increased risk of ARI. A study conducted
by Savitha et al. [10] proved that type of floor had
strong (61.54%) association with ARI. However,
type of floor in the house did not prove to be
significantly associated with ARI in our study. Due
to availability of electricity, usage of kerosene lamp
has been decreased these days. However, we could
find children exposed to kerosene smoke and proved
to be a significant risk factor in occurrence of ARI in
children. Use of biomass fuels (wood, animal dung),
coal and other media (kerosene) are significant
contributors to indoor air pollution. Nearly half the
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world’s households, mainly in developing countries
(90%), use these fuels for cooking. These are burnt
in simple stoves with very incomplete combustion
generating toxic products that adversely affect
local defenses of the respiratory tract [25, 26]. The
risk is highest for young children and mothers due
to longer indoors stay and close proximity during
cooking. The measure which decreases this risk is
provision of clean fuels, householder’s education
and modification of stoves [26].
In conclusion, ARIs are affected by sociodemographic and socio-cultural risk factors, which
can be modified with simple interventions. The
various risk factors identified in this study were lack
of breastfeeding, undernutrition, delayed weaning,
overcrowding and prelactal feeding. So, for the
prevention of ARI, the basic health promotional
measures like proper infant feeding practices,
proper nutrition and socio-economic improvement
is needed.
The appropriate measure which decreases the
risk of ARI is provision of clean fuels, householder’s
education and modification of stoves. The promotion
of breastfeeding in first six months and appropriate
nutritional supplements is highly recommended as a
strategy to reduce the risk of ARIs in infants.
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Non-O157:H7 Shiga Toxin Producing
Diarrhoeagenic Escherichia coli (Stec)
in Southern India: A Tinderbox for
Starting Epidemic

SHASHANK PURWAR1, SUBRANA ROY2, SHARADA METGUD3

ABSTRACT
Introduction: Outbreaks due to non-O157:H7 Shiga toxin
producing Escherichia coli (STEC) resulting in Haemolytic
Uraemic Syndrome (HUS) have garnered much attention
because of associated mortality transcending across
continents and also because diarrhoea due to E.coli itself is rare
in developed countries. The actual incidence of non-O157:H7
STEC in sporadic acute diarrhoea is not fully elucidated, both
in developing as well as in developed countries. Due to larger
extent of faecal-oral transmission in developing countries it is
prudent to look for non-O157: H7 STEC in such epidemiological
settings because of very high potential to spread across larger
geographical regions and cause life threatening illness.
Aim: To determine the extent of acute diarrhoea caused by Shiga
toxin producing E. coli and measure their genotypic diversity.
Materials and Methods: The study was designed as a
cross-sectional study and conducted between 2009-2011 in
department of Microbiology at JN Medical College Belgaum

(Karnataka) and Regional Medical Research Center, Belgaum
(RMRC-ICMR). Stool samples from 300 sporadic cases of
acute diarrhoea were processed by microscopy, culture, for the
identification of diarrhoeagenic pathogens viz. Vibrio cholera,
Shigella spp., Salmonella spp. and protozoan parasites. PCR
was performed for the detection of eae and stx genes in E.
coli isolates. Their relatedness was determined by Random
Amplification of Polymorphic DNA (RAPD).
Results: PCR detected stx along with eae in 23.2% culture
isolates of E.coli isolated from diarrhoea samples. Only three
isolates were identified as STEC by serology as O59, O60
and O69 serotypes. Eleven clones were detected by RAPD
fingerprinting in the 46 STEC isolates.
Conclusion: Non-O157:H7 STEC are prevalent in this region
and laboratories shall look beyond O157:H7 serotype of E.coli.
These isolates have potential of causing outbreaks transcending
borders. Hence they shall be reported and efforts be made to
identify their sources and prevent spread.

Keywords: Diarrhoea, Enterohaemorrhagic E.Coli (Ehec), Haemolytic Uraemic Syndrome (HUS), Verotoxigenic E.Coli (Vtec)

INTRODUCTION
Diarrhoea due to E.coli is endemic in developing countries but
stamping a case of diarrhoea due to diarrhoeagenic E.coli is
difficult due to the organism also being a major commensal flora
even though there are established diarrhoeagenic types. Shiga
toxin producing E.coli can produce fulminant diarrhoea and can
also involve renal system. E.coli possessing stx are associated
with asymptomatic intestinal colonization with life threatening HUS
[1] even though it is not amply clear whether mere possession
of genes encoding stx confer pathogenicity, because O157:H7
strains produce extensive A/E (attaching and effacing) lesions in
the large intestine, but, O157:H7 strains specifically mutated in
the eae gene no longer produced A/E lesions and do not appear
to colonize any intestinal site [2-4].
Amongst the members of Enterobacteriaceae shiga toxin is
produced mainly by E.coli, Shigella dysenteriae type 1 and
sporadically by Citrobacter freundii, Enterobacter cloacae, Shigella
flexneri and Shigella sonnei. Amongst non-fermenters Aeromonas
hydrophila, and Aeromonas caviae can also produce shiga toxin
[5]. However, shiga toxin producing Escherichia coli (STEC) have
become synonymous with O157: H7 serotype to an extent that
majority of students and health care providers can recall only
O157: H7 serotype in relation to STEC, even though there are
many non-O157:H7 serotypes which can cause severe diarrhoeal
illness including life threatening HUS. Another notion without very
sound justification is the belief that every O157:H7 infection leads
to HUS [6-8]. This has led to nomenclature of Enterohaemorrhagiac
Journal of Clinical and Diagnostic Research. 2016 Oct, Vol-10(10): DC11-DC15

E.coli (EHEC) even though all stx producing E.coli do not cause
HUS [9]. Since we do not have much data on incidence of STEC/
non O157: H7 STEC and these strains can cause life threatening
illness, the study was designed and initiated in 2009 to ascertain
quantum of Shiga toxin producing E.coli mediated acute diarrhoea
and measure their genotypic diversity. Coincidently in year 2011
non O157:H7 E.coli outbreak occurred which spanned Germany,
USA and France wherein there were 852 reported patients of HUS
and 32 HUS associated deaths [10].

MATERIALS AND METHODS
The study was conducted between 2009-2011 in department
of Microbiology, Jawaharlal Nehru Medical College, KLE Dr.
Prabhakar Kore Charitable Hospital & Medical Research Centre
and Regional Medical Research Center (Indian Council of Medical
Research; RMRC-ICMR) Belagavi. Institutional ethical clearance
(IEC) was obtained before commencement of the study. 300 stool
samples from acute diarrhoea patients reporting to our tertiary
care hospital were included. There were 14 patients of < 1 year,
68 patients in 1-4 age group, 75 patients in 5-9 years of age group
and 143 patients >10 years of age. Patients already on antibiotics
and those with provisional diagnosis of diarrhoea due to metabolic
causes were excluded from the study. Detailed history of each
patient was recorded in pre-tested diarrhoea case reporting form
and stool samples were collected in transparent, clean, sterile,
screw capped 20mL capacity vials. These samples were subjected
to microscopy for detection of ova/cysts of protozoan parasites,
11
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helminths and culture on Mac Conkey and blood agar plates for
isolation and identification of common diarrhoeagenic bacterial
pathogens (Vibrio, Shigella species, Salmonella species and E.coli)
by standard microbiological methods. Rapid lysates of E.coli
isolates from those stool samples which yielded only E.coli on Mac
Conkey and Blood agar plates were subjected to multiplex PCR
for determining presence of stx and eae gene. These E.coli were
also submitted for serotyping to National Salmonella & Escherichia
Centre/Research and Development Laboratory, Central Research
Institute, Kasauli (Himanchal Pradesh), India which provided
only the serotypes and their affiliation was determined through
published scientific literature [11-13].
For PCR, DNA was extracted using Cetyl Trimethyl Ammonium
Bromide (CTAB) method [14] and quality of the DNA was checked
on agarose gel electrophoresis by viewing 1µl of the stained DNA
under UV light in a Gel-documentation system (Alphaimager,
USA). The quantity of DNA was estimated spectrophotometrically
by using a Nanodrop spectrophotometer (JH Biosystems, USA).
A 260/280 nm for detection of any impurity in DNA samples. The
stx gene was detected in PCR for identification of shiga toxin
producing E.coli using, primers CAGTTAATGTGGTTGCGAAG
and CTGCTAATAGTTCTGCGCATC amplifying an 895 bp
segment of the DNA as described in WHO Manual for Laboratory
Investigations of acute enteric infections [15]. For eae the
primer sequences used were AAACAGGTGAAACTGTTGCC
and CTCTGCAGATTAACCCTCTGC as described by Yu J et
al., [16]. The PCR conditions are enumerated in [Table/Fig-1].
For determining the genetic diversity of the STEC isolates,
RAPD fingerprinting assay was used [17,18] in which PCR was
performed at least three times by different technicians in 50µl
reaction volumes mixture containing 50ng DNA, 0.3µm primer
PB1 (5’-GCG CTG GCT CAG-3’). PCR for stx, eae and RAPD
were performed in BioRad iCycler thermal cycler (BioRad, USA)
and all reaction products were electrophoresed on 20cm long
1% agarose gels, stained with 0.5µg/ml GelRed (Biotium, USA),
and photographed under ultraviolet light using gel documentation
system (AlphaImager, USA). For RAPD fingerprinting DNA profiles
of individual lanes were matched with each other and dendrograms
of distance based on similarity coefficient were generated with
the Unweighted Pair Group Method using Arithmetic averages
(UPGMA) for clustering at 5% confidence level [17,18].

www.jcdr.net
PCR for

PCR reaction mixture

Cycling condition

stx
and
eae

10X PCR Buffer with MgCl2: 2.5μl
dNTP mix (2.5mM each):
2.0μl
Forward Primer (stx) 10μM : 1.0μl
Reverse Primer (stx) 10μM: 1.0μl
Forward Primer (eae) 10μM: 1.0μl
Reverse Primer (eae) 10μM: 1.0μl
Template DNA (lysate):
2.5μl
Sterile water:
13.8μl
Taq polymerase (5U/ μl):
0.2μl
Total volume:
25.0μl

Denaturation 94°C for 1 min
Annealing 55°C for 1.5 min
Extension 72°C for 1.5 min
Final extension 72°C for 7 min
Total number of cycles r
equired:30

RAPD

50µl reaction volumes mixture
containing 50 ng DNA, 0.3µm
primer PB1 (5’-GCG CTG
GCT CAG-3’),
250µm of each dNTP, 3mM
MgCl2, 0.5U Taq DNA
polymerase, in 10mM HCl
and 50 mM KCl.

One cycle of 7 min at 94 °C,
1 min at 40 °C and 1 min
at 72 °C. Four cycles of 1
min at 94 °C, 1 min at 40 °C,
and 1 min at 72°C. Twenty
four cycles of 1 min at 94 °C,
1 min at 55 °C, and 1 min
at 72 °C; and the final cycle of
1 min at 94 °C, 1 min at 55 °C
and 7 min at 72 °C

[Table/Fig-1]: PCR cycling conditions for stx, eae and RAPD.
Pathogens

Age in years
(Number of
cases in that
age group)

Number
of samples

<1
(14)

1-4
(68)

5-9
(75)

10+
(143)

Positive
(%)

Negative

Protozoan
Parasites
(Trophozoites
/ Cysts)

0

0

1

7 (4.8%)

8 (2.6)

292

Helminthic Ova

0

0

8 (10.7%)

33 (23.1%)

41 (13.6)

259

Vibrio cholera

0

0

0

6(4.1%)

6 (2)

294

Salmonella spp.

0

0

0

19 (13.2%)

19 (6.3)

281

Shigella spp.

0

0

3 (4%)

8 (5.6%)

11 (3.6)

289

Candida spp.

0

0

10 (13.3%)

7 (4.8%)

17 (6)

283

Total

0

0

22 (29.3%)

80 (55.9%)

102 (34%)

[Table/Fig-2]: Distribution of Protozoan / Helminthic parasites, Salmonella spp,
Shigella spp, Vibrio cholera and Candida spp. in sporadic cases of acute diarrhoea
amongst various age groups (n= 300).

RESULTS
Out of 300 samples, 102 samples yielded one of the common
diarrhoeagenic pathogens viz. Vibrio cholera/Salmonella species/
Shigella species/protozoan parasites/ significant amount of
Candida with pseudohyphae either by microscopy or culture
[Table/Fig-2]. Remaining 198 cases yielded pure growth of E.coli
on blood agar and Mac Conkey agar culture plates. PCR detected
eae (responsible for attachment and effacement) in 118 isolates,
stx (coding for shiga toxin) in 55 isolates and presence of stx and
eae together in 46 (23.2%) out of 198 culture isolates [Table/Fig-3].
On the contrary, serotyping identified only three isolates of E.coli
as STEC and none of these three isolates belonged to serotype
O157:H7. These isolates belonged to O59, O60 and O69.
Eleven clones of STEC were identified in 46 STEC isolates by RAPD
fingerprinting [Table/Fig-4]. RAPD fingerprinting assay showed that
most of the STEC isolates were genetically close to each other.
There were three large groups consisting of 12, 10 and 6 isolates,
members of which were genetically identical (100%). Between
these groups, the isolates shared more than 90% similarity. There
were another 3 isolates outside these groups which shared more
than 90% similarity with these groups. There were 6 more isolates
that did not cluster with others and shared 55 to 75% similarity to
the others [Table/Fig-5].
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[Table/Fig-3]: Multiplex PCR for stx (895 bp) and eae (454 bp) genes.

• Lanes 5, 6 & 12 showing DNA bands positive for stx gene.
• Lanes 2, 3, 7, 8 & 15 showing DNA bands positive for eae gene.
• Lane NC denotes negative control.
• M denotes marker DNA 100 bp ladder (covering 100 bp to 1200 bp with more intense 500 and
100 bp sizes).

DISCUSSION
It is to be acknowledged that non- O157:H7 E.coli have potential
to cause outbreaks of severe illness and these infections can
transcend beyond the national boundaries, which was evident
from last outbreak involving Germany, USA and France [10].
Detection of 46 (23.2%) cases of STEC mediated diarrhoea as
determined by presence of stx and eae by PCR in 198 cases of
acute diarrhoea presumably caused by E.coli brings about two
very important findings viz., significant presence of STEC in this
geographical area and these isolates do not belong to O157:H7
serotype. Outbreaks in developed countries due to STEC, even
though involving less number of people, draw very significant
Journal of Clinical and Diagnostic Research. 2016 Oct, Vol-10(10): DC11-DC15
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were isolated from diarrhoea cases itself. The reason for choosing
intestinal adherence factors coded by eae gene along with stx for
identification of STEC as the diarrhoeagenic shiga toxin producing
E.coli (STEC) was based upon the fact that in conventional and
gnotobiotic piglets, O157:H7 strains produce extensive A/E
(attaching and effacing) lesions in the large intestine, featuring
intimate adherence of the bacteria to the epithelial cells [9]. In
contrast, O157:H7 strains specifically mutated in the eae gene
no longer produced A/E lesions and did not appear to colonize
any intestinal site [13-15]. Additional support for a role in human
disease is seen with the anti-intimin immune response seen in HUS
patients and, by extrapolation, the reduced virulence in volunteers
challenged with an EPEC strains mutated in eae [22].
In addition to initial ham-burger associated outbreaks, sources of
EHEC infections include pink ground beef, mayonnaise, uncooked
radish, alfalfa sprouts, spinach which usually carry faecal
contamination of cattle who are known reservoir of stx producing
E.coli (mostly other than O157:H7), and even unpasteurized apple
juice and fermented hard salami etc [9]. The presence of EHEC in
apple juice and fermented hard salami is an ample evidence for
the ability of STEC growth at much acidic pH 3.4 which is nonconducive for many pathogens.

[Table/Fig-4]: Fig. 2: RAPD fingerprinting for STEC isolates NC: Negative control.
M: 100 bp DNA ladder.

[Table/Fig-5]: Dendrogram of STEC isolates.

11 different clones of STEC were observed. Interestingly while 3 particular strains were common
with 12, 10 and 6 isolates belonging to these groups respectively, there were as many as 8 clones
those where represented only by one isolate. This means that there was high diversity in the isolated
STEC stains suggestion that cases were likely from multiple sources
11 different clones of STEC were observed. Interestingly while 3 particular strains were common
with 12, 10 and 6 isolates belonging to these groups respectively, there were as many as 8 clones
those where represented only by one isolate. This means that there was high diversity in the isolated
STEC stains suggestion that cases were likely from multiple sources.

attention and publicity because very few cases due to food
contamination and consequent faecal-oral transmission are
expected due to good hygienic practices in these countries. In
developing countries the scenario is very different and water borne
infections, primarily due to faecal contamination are very common.
Surprisingly STEC other than O157:H7 serotype is not actively
sought in either of the epidemiological settings even though
non-O157:H7 infections have been made a nationally notifiable
condition since 2005 in USA [19].
The discovery of stx was made 100 years ago, much earlier than
the description of cytotoxic assay in 1977 by Konowalchuk and it
was recognized much later that over 100 different E.coli serotypes
can express stx [20,21]. Because stx producing bacteria are
associated with asymptomatic intestinal colonization as well as
with life threatening HUS [1] and it is not very clear whether mere
possession of genes encoding stx confer pathogenicity, we looked
for the presences of intestinal adherence factors coded by eae
in addition to stx to establish definitive role of stx positive E.coli
isolates in causation of diarrhoeal illness even though these strains
Journal of Clinical and Diagnostic Research. 2016 Oct, Vol-10(10): DC11-DC15

In July 2011, there were 852 reported patients of HUS and 32
HUS associated deaths in Germany due to O104:H4 infection,
the source of which was contaminated raw sprouts produced in a
farm in Lower Saxony in Germany. The infection reached to USA
and six confirmed cases (including one death) of same serotype
were reported of which five cases had travelled to Germany in
that period. During the same period, France reported cluster of
E. coli O104:H4 infections among people who attended an event
in Bordeaux and reported eating sprouts served at the event [10].
Aforementioned outbreak originated in country where there is very
little scope for faecal contamination as opposed to developing
countries with plenty of opportunities for faecal-oral contamination
to occur.
As per 2008 WHO report more than 600 million people practice
open defecation in India [23] which is one of the fastest growing
economies and even though there are significant strides in
provisions for improved water supply there always remain the
possibility of faecal-oral contamination as evident from the fact that
in India diarrhoea accounts for 24% to 30% of deaths in infants
aged 1 to 11 months [23]. The fact that non-O157:H7 STEC
was detected in 23% of stool samples collected from cases of
acute diarrhea in a tertiary care hospital points to a grim situation
which may acquire larger proportion anytime and given the realty
of shrinking distances and travel time, can trigger outbreaks at
faraway places, otherwise having good containment for these
pathogens. It is within reasonable limits to infer that situation may
not be different in other developing countries as well. Therefore
there is an urgent need to actively test stool samples for nonO157:H7 STEC serotypes, which is not a standard practice even
in all developed countries.
Stigi et al., had observed in 2010 that 37 laboratories in
Washington who processed nearly half of the stool cultures in the
state attempted culture only for O157:H7 and therefore could not
detect non-O157:H7 STEC, though in the same study increase
in cases of non- O157:H7 was reported which corresponded
with increased number of laboratories attempting to test for nonO157:H7 [24].
The fact that only three isolates were identified as STEC by
serotyping performed at a national reference laboratory as
compared to PCR which detected 46 stx positive E.coli underlines
inadequacy of serotyping for detecting all serotypes of STEC. It is
to be further taken into consideration that conventional method
of identifying STEC on the basis of inability to ferment sorbitol by
O157:H7 will also not hold well because many of the non-O157:H7
13
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serotypes ferment sorbitol [9]. Under such circumstances, detection
of stx gene by PCR offers many advantages in diagnosing STEC
infections including non-O157:H7 serotypes which, irrespective of
their serotype, will harbor stx gene that can be detected by PCR.
Eleven different clones of STEC were detected by RAPD
fingerprinting assay amongst the 46 STEC isolates. Although
reproducible fingerprints were obtained for only 34 of the STEC
isolates in RAPD assay, the results show that there is sufficient
genetic diversity in the isolates pointing perhaps to infections
occurring with different strains over different times and locations
and that RAPD is a reasonably good technique for determining
extant of genetic relatedness.
Although the use of RAPD as a technique has several limitations,
it is quite reliable and easy to perform for identifying diversity and
clonal relatedness for bacterial pathogens. Presence of multiple
clones/genotypes indicates the possibility of multiple sources
contaminating the water supply/food and existence of these
organisms in various places in the region over quite a period of
time. The implication of these findings will be of use for the efforts
directed towards interventions to plug the breaches in the water
supply to ensure access to safe water, even though it will be a
difficult preposition to identify multiple points of contamination and
incorporate effective interventional measures because it is very
common to find in developing countries the water supply getting
contaminated at more than one place. Hence in such countries
the best approach is to treat water at the ‘point of use’ itself.
Three most common acronyms/ nomenclature viz., VTEC
(verocytotoxigenic E.coli), STEC (shiga toxigenic E.coli / shigalike toxin producing E.coli) and EHEC (Enterohaemorrhagic E.coli)
represent one group of Escherichia coli [25-27]. VTEC denote the
ability of toxin produced by this group of Escherichia coli to bring
about demonstrable changes on Vero cell lines in tissue cultures.
STEC indicate resemblance of this toxin to that produced by Shigella
dysenteriae and EHEC is more of a clinical terminology denoting
presence of haemorrhagic colitis. It is also a well-established fact
that all E.coli possessing stx gene/producing shiga toxin do not
cause HUS [2-4]. Hence, among these acronyms shiga-like toxin
producing E.coli is more accurate and should be used in all those
situations wherein stx harboring E.coli is identified but shiga toxin
production is not demonstrated by using cell culture and clinical
entity of HUS has not been established.

LIMITATION
Organisms like Campylobacter, coccidian parasites and
diarrhoeagenic viruses have been excluded in the study. Even
though the possibility of co-infection with protozoan parasites,
and other bacterial pathogens including Vibrio, Shigella species,
Salmonella species included in this study is minimal, but it is not
evaluated and the same can be considered another limitation of
this study.

CONCLUSION
About 15% of all diarrhoea cases included in the study were
caused by STEC which accounted for 23% of diarrhoeagenic E.coli
isolates. These isolates can assume epidemiological significance
as reported in previous studies and for this reason laboratories
shall actively look for them and report. Conventional culture cannot
differentiate between commensal E.coli and diarrhoeagenic E.coli.
Serotyping is not reliable for identification of STEC coupled with
the fact the non-O157:H7 E.coli are important causative pathogen
for sporadic diarrhoea as evident from this study. Detection of stx
and eae genes by PCR is better modality especially when PCR
are becoming available in most of the laboratories. It is imperative
to understand and state that though all EHEC strains have stx
gene but not all stx possessing E.coli can cause haemorrahgic
colitis and HUS. Hence, we are of the opinion that use of EHEC
14
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term shall be restricted only to those E.coli strains isolated from
cases of haemorrahgic colitis / HUS. For other E.coli isolated from
diarrhoea cases and shown to possess stx, STEC will be more
appropriate, since cell lines for demonstrating changes in Vero cell
lines are not used for routine identification.
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ABSTRACT
Isolated sphenoid sinusitis is a rare entity. Due to noncharacteristic primary manifestations, most of the patients present
with ophthalmic complications, most commonly proptosis and
diplopia. We report here the case series of two patients who
presented with diplopia, blurred vision, and headache. Diagnosis of isolated abducens nerve palsy secondary to isolated
sphenoid sinus disease was made, and both the patients underwent endoscopic sinus surgery (ESS). We hereby propose that
prompt diagnosis and treatment of isolated sphenoidal sinusitis
is very important, and abducens nerve (CN6) palsy could be
attributed to the disease condition as both the patients’ condition
improved after surgery.
Keywords: Abducens nerve palsy, Case series, Endoscopic
sinus surgery, Sphenoid sinus.
How to cite this article: Harugop AS, Mudhol RS, Bellad SA,
Hajare PS, Kaku DR, Hiremath B. Isolated Abducens Nerve
Palsy Secondary to Isolated Sphenoid Sinus Disease: Case
Series. Clin Rhinol An Int J 2016;9(3):137-140.
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BACKGROUND
Isolated sphenoid sinus disease is easily misdiagnosed
because of its subtle onset and vague symptoms and
accounts for 1 to 3% of all sinus lesions.1 As reported in
the literature, sphenoid sinus is an uncommon location
of this disease. The disease may spread to important
structures in the vicinity of sinus, including the cranial
nerves, pituitary gland, cavernous sinus, and internal
carotid artery. In this case series, the patients presented
with a severe headache and lateral rectus palsy. As per
literature, involvement of the abducens nerve is uncommon, with only a few documented cases of isolated

1,2,4

sphenoid sinus disease with ipsilateral or bilateral
abducens nerve palsy and only one case with contralateral palsy.2,3 Early antimicrobial therapy and/
or surgical treatment should be done, as permanent
cranial neuropathy and death have been reported.
Quick surgical drainage or decompression of sphenoethmoidal sinus should be done in cases with orbital
involvement.1,4-7

CASE REPORTS
Case 1
A 45-year-old diabetic patient presented with double
vision on looking to left lateral side with fever, headache,
and vomiting since 20 to 25 days. On examination, the
patient had left lateral rectus palsy (Fig. 1), with the rest
of ear, nose, and throat (ENT) examination being normal.
Computerized tomography (CT) of paranasal sinus (PNS)
suggested huge enlargement of sphenoid sinus, with rest
of PNS being normal (Figs 2 and 3). The patient underwent endoscopic sinus surgery (ESS) for drainage, and
intraoperatively a blackish mass was seen occupying the
sphenoid sinus. Marsupialization of the fungal ball was
done. Potassium hydroxide (KOH) mount from sinus was
positive. Intravenous cefotaxime was administered over
3 days along with topical fluconazole nose drops, and the
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Fig. 1: Preoperative photograph showing paralysis of left lateral
rectus (left abducens nerve palsy)
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Fig. 2: Computerized tomography scan of PNS (plain) –
axial section

Fig. 3: Computerized tomography scan of PNS (contrast
enhanced) – coronal section

Fig. 4: Postoperative photograph shows improvement of left
abducens nerve function

Fig. 5: Preoperative photograph showing right lateral rectus
palsy (right abducens nerve paralysis)

patient was discharged on the third postoperative day.
In the postoperative period, after 12 weeks, there was
improvement in vision, improved eyeball movements
(Fig. 4), and relief of symptoms of raised intracranial
tension.

Case 2
A 72-year-old male patient was referred from neuromedicine with complaints of headache, blurred vision,
and diplopia since 10 to 12 days. On examination, right
abducens nerve palsy (Fig. 5) was present, and thick
mucoid secretions were present in the nasal cavity with
no PNS tenderness. Rest of the ENT examination was
normal. Computerized tomography scan of PNS suggested sphenoid sinus haziness on right side (Fig. 6), with
rest of sinuses being normal. Endoscopic sphenoidotomy
(ESS) was done for him, and KOH mount from the sinus
was positive. Postoperatively, patient received injection
amphotericin B for 3 days and topical fluconazole nose

138

Fig. 6: Computerized tomography scan PNS showing
involvement of sphenoid sinus (coronal section)

drops, following which the patient was discharged. In
the postoperative period, there was improvement in
vision, improved eyeball movements (Fig. 7), and sinus
symptoms were relieved.
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Fig. 7: Postoperative photograph showing improvement in right
abducens nerve function

Fig. 8: Coronal section of the posterior aspect of the sphenoid sinus
showing its close proximity to important functional structures: The
internal carotid artery, cavernous sinus, and oculomotor, trochlear,
ophthalmic, abducens, and maxillary nerves

Table 1: Clinical characteristics of two patients with solitary abducens palsy due to isolated sphenoid sinus disease
Age/sex
45 years/F
72 years/M

Predisposing
factor
Symptoms
Diabetes
Diplopia, fever, headache,
mellitus
and vomiting
Blurred vision, diplopia,
and headache

Interval
25–27
days
10–12
days

RESULTS
The results are summarized in Table 1.

DISCUSSION
Isolated sphenoid sinus disease (ISSD) frequently occurs
in the middle aged (about 40 to 50 years old).1,4 It is rare,
and sphenoid sinus disease is usually accompanied
with the involvement of other sinuses. The drainage of
sphenoid sinus may be affected by direct spread from
the ethmoid sinus, anatomic variation, or iatrogenic
trauma, and these predispose the area to the disease.5,6
Causes of ISSD are inflammatory diseases, fibro-osseous
disease, neoplasms, encephalocele, and internal carotid
artery aneurysms.1 Inflammatory pathogens are considered the most commonly reported etiological factors,
among which fungal agents have been detected in 31%
of cases.8 In our cases, fungal infection, which is a form
of inflammation, was the etiologic factor. The presenting
symptoms and signs in our cases were headache and diplopia, with the involvement of abducens nerve (Table 1).
Lesions of the sphenoid sinus might involve the adjacent
structures including the optic, abducens, and oculomotor nerves (Fig. 8).1,4,9 Abducens nerve due to its medial
intracavernous position is the second most frequently
involved cranial nerve (incidence 6%).1

Diagnosis
Isolated sphenoid sinus
fungal disease
Isolated sphenoid sinus
fungal disease

Surgical
technique
ESS

Follow-up
3 months

ESS

3 months

Outcome
Improved eye
movements
Improved eye
movements

The possible mechanisms for the development of
abducens palsy are10-12
• Inflammation from sphenoidal sinusitis to infect
abducens nerve sheath and to result in nerve palsy.
• The sphenoid mass expanding to the cavernous sinus
or superior orbital fissure and compressing the abducens nerve.
• Vasculitis or cavernous sinus thrombosis causing
ischemic infarction of the abducens nerve. The dorsal
clival artery, which arises from the meningohypophyseal trunk and supplies the proximal portion of the
intracavernous abducens nerve, may play a significant
role in the isolated abducens palsy.
• Dehiscent lateral wall of the sphenoid sinus, which
could be present in 4% of adult skull, known as Sternberg’s canal.13
In our cases, inflammatory cause could be the possible mechanism for abducens nerve palsy. The common
pathogens isolated from acute sphenoid sinusitis are
Staphylococcus aureus, Streptococcus species, and Aspergillus. Gram-negative and anaerobic organisms are
more associated with chronic sphenoid sinusitis.1,4,14 In
the chronic noninvasive form, usually described as a
“fungal ball” of the sinus, the fungal hyphae proliferate
in the sinuses of immunocompetent patients without
evidence of tissue invasion or bone erosion.14 The fungus
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ball is defined as an extramucosal mycotic proliferation
that fills one or more PNSs.15 Complications of sinus
infection include bacterial meningitis, cavernous sinus
thrombosis, subdural abscess, cortical vein thrombosis,
ophthalmoplegia, and pituitary insufficiency.16 In addition, sphenoid sinusitis can present as an aseptic meningitis due to the presence of a parameningeal focus.17
Osteomyelitis, subperiosteal abscess, orbital cellulitis and
abscess, visual loss mimicking optic neuritis, multiple
cranial nerve palsies, and papilledema can also occur as
a complication of sphenoidal sinusitis. Thus, sinusitis can
be a life-threatening condition and if neglected or mismanaged can lead to various complications.18 Endoscopic
sphenoid surgery is the surgery of choice for sphenoid
sinus lesion, and the surgeon should be careful of the
nearby important structures, such as the optic nerve and
internal carotid artery.19

CONCLUSION
Advancements in technology including CT, MRI, and
ESS have allowed better elucidation of the sinus disease
process, etiology, and surgical intervention. The longer
the diplopia persists, the longer the recovery time is
needed, and improvement in the extraocular muscle
function is a good sign for recovery. Hence, early diagnosis and prompt surgical intervention are imperative
in patients with sphenoidal fungus, especially those
presenting with signs of raised intracranial tension and
orbital involvement.

CLINICAL SIGNIFICANCE
Early diagnosis and prompt surgical treatment are paramount in patients of sphenoid sinusitis in order to avoid
impending complications and to regain the extraocular
function for better vision.
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Sexual Dysfunction among Females Receiving
Psychotropic Medication: A Hospital‑based
Cross‑sectional Study
Veda N. Shetageri, Govind S. Bhogale1, N. M. Patil2, R. B. Nayak3, S. S. Chate2

ABSTRACT
Background: Sexual dysfunction (SD) is a known adverse effect of psychotropic medications. Even though sexual
difficulties are common among women; very few studies have been carried out in India. Objective: To study the prevalence
and nature of SD among females receiving psychotropic medications and to compare the SD among female patients
receiving antipsychotics and antidepressants. Materials and Methods: Female investigator conducted a hospital‑based
cross‑sectional study on female patients visiting the psychiatry outpatient department. Patients meeting inclusion criteria
were assessed for SD disorder as per Diagnostic and Statistical Manual of Mental Disorders 4th Edition Text Revision.
SD severity was measured using Female Sexual Function Index (FSFI) scale. Results: The prevalence of SD in this study was
68.32%. There was more than one SD in 48 (47.52%). FSFI score was significantly low in patients with SD as compared to
patients not having SD (P = 0.001). SD was more common in patients who were on combination of antidepressants and
benzodiazepines than antidepressant alone or antipsychotic alone. Conclusion: SD was prevalent in more than 50% of
female patients on psychotropic drugs. Number of patients on individual psychotropic drugs was so small that a definite
conclusion could not be drawn. Study emphasizes the need to carry out similar study on larger number of patients to
get better insight into this problem.
Key words: Clinical global impression, female sexual dysfunction, female sexual function index, psychotropics,
sexual dysfunction, side effects

INTRODUCTION

general practitioners offices suggested that each year
family practitioners saw several women or couples

Sexual dysfunction (SD) is not easily disclosed by
women and is usually underreported. This is borne out
by the fact that surveys of patients attending London
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who presented with sexual problems, and the numbers
increased when the physician inquired about patients’
sexual health.[1] A review article by Baldwin and Mayers
reported that SD in women attending outpatient
department (OPD) was between 19% and 50%.[2] In
India, for a woman to discuss problems she faces in her
sexual functioning is very challenging due to the male
dominated society and puritanical mindset. Despite the
common occurrence of sexual difficulties among women,
very few studies have been done till date in India.[3]
Even though SD may occur due to general medical
illness or gynecological illness or psychological illness,
or due to the use of various medications,[4,5] most of
the previous studies have shown that psychotropic
medications have led to SD among female patients on
those medications.[6]
SD is a known adverse effect of antipsychotics.[7] Prevalence
of SD among patients treated with conventional
antipsychotics ranged from 30% to 93% in women.[8]
A review article published in 2007 by Higgins indicated
that typical antipsychotics have sexual side effects
because of their effect on prolactin levels.[8] Atypical
antipsychotics also cause the SD among women.[9,10]
The incidence of SD differs with different
antidepressants.[11] The overall incidence of SD was 59.1%
when multiple antidepressants were considered.[12] Very
few studies have examined SD in patients taking tricyclic
antidepressants or monoamine oxidase inhibitors.[13]
In the case of mood stabilizers, the incidence of SD
seemed to be more when benzodiazepines were used
in combination with lithium.[14,15]
Given the findings that psychotropics cause SD among
female patients, and given the Indian context where
it is very uncommon for a woman to bring forth the
difficulties she is facing in her sexual functioning, the
cross‑sectional study that led to this article was done
with the objectives of (a) finding the prevalence of
SD among female patients on psychotropics (b) to
study the nature of SD (c) to compare the prevalence
among female patients on antidepressants with the
prevalence among female patients on antipsychotics.
The understanding gained through the findings would
contribute toward improving compliance by enabling
treating doctor to address SD as a side effect of
psychotropic medications.

MATERIALS AND METHODS
Source of data
Psychiatry OPD, JNMC, Belgaum, Karnataka, India.
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Method of collection of data
Study design

A cross‑sectional hospital based descriptive study.
Ethical committee clearance

Obtained.
Sampling procedure

All female patients attending psychiatry OPD and
fulfilling the inclusion criteria were included in the
study.
Sample size
A review article by Baldwin and Mayers[2] mentioned
the prevalence of female SD ranges from (30% to 93%).
At the time of the study, there was no data from India on
the prevalence of SD among females. Hence, prevalence
was taken as 50% for the sake of calculation of sample
size. Therefore, the sample of the study was determined
as n = 100 with an absolute error of 10.
Duration
One year 3 months (January 1, 2010–April 30, 2011).
Inclusion criteria
• Married female patients between the ages of
18 years and 45 years
• Asymptomatic from current psychiatric illness for
at least past 1 month
• Patients on psychotropic medication during the
study
• Patients who gave informed consent.
Exclusion criteria
• Age <18 years and >45 years
• Unmarried, divorced, separated female patients
• Patients who had SD even before the onset of
psychiatric illness
• Patients suffering with systemic illnesses which may
cause SD[16]
• Patients on commonly used nonpsychotropic drugs
which were likely to cause SD.[17]
Instruments/tools

Clinical global impression

Clinical global impression (CGI) scale with the scores
ranging from 0 to 7 was used to assess the severity
of illness. Patients who scored between 1 and 3 were
considered to be asymptomatic from the underlying
psychiatric illness and were included in the study.[18]
International Classification of Diseases 10th edition
Diagnostic Criteria for Research):[19]

Criteria were used to categorize the psychiatric
diagnoses of the patients.
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Diagnostic and Statistical Manual of Mental Disorders
4th Edition Text Revision)

This was used to categorize various types of SD.[20]
Female Sexual Function Index

A multidimensional self‑report instrument for the
assessment of female sexual function which consists
of 19‑item questionnaire on various aspects of sexual
functioning was administered. Each item was scored
with values ranging from 0 to 5. The Female Sexual
Function Index (FSFI) score with the high cumulative
value indicated that there was no SD and a score with
low cumulative value indicated that SD was present.[21]
Procedure and statistical methods
The study was conducted after obtaining the ethical
clearance from the ethical clearance committee at
JNMC, Belgaum.
Female patients attending the psychiatry OPD were
recruited for the study as per the inclusion and
exclusion criteria. Patients included in the study were
in remission and were continuously on prescribed
psychotropic medications. Diagnosis was made as per
International Classification of Diseases 10th Edition
Diagnostic Criteria for Research criteria. The type and
dosage of the drug were at the discretion of the treating
consultant. Based on the CGI score, only those patients
who were asymptomatic (CGI score <3) and who
were still on psychotropic medications were included
in the study and informed consent was obtained from
each patient. The female investigator collected the
required information about sexual functioning and
sociodemographic data using the specially prepared
proforma. General physical examination and systemic
examination were conducted for each patient.
Diagnostic and Statistical Manual of Mental Disorders
4th Edition Text Revision (DSM‑IV‑TR) was used to
categorize the SD and the severity of SD was assessed
using FSFI scale. The FSFI Scale was also translated
into local language (Kannada) and the information
was gathered.
Data were tabulated using version 17 of the Statistical
Package for Social Sciences (SPSS Statistics for
Windows, Chicago: SPSS Inc.) and were subjected to
appropriate statistical analysis. The value of P < 0.05
was considered statistically significant.

RESULTS
The CGI score for 101 asymptomatic (did not
exhibit the symptoms of psychiatric illness they were
diagnosed with once they started undergoing the
treatment and taking the specified psychotropics)
Indian Journal of Psychological Medicine | Sep - Oct 2016 | Vol 38 | Issue 5

female patients who fulfilled inclusion and exclusion
criteria was 1.55 ± 0.62. The prevalence of SD was
high. Of 101 patients, 69 (68.32%) had SD and the
rest ‑ 32 (31.68%) did not have SD.
The information in Table 1 shows that there was no
significant difference in the presence or absence of
SD based on the various groups created based on the
demographics.
Depending on the type of illness patients were grouped
broadly into psychosis, neurosis, and mood disorders
and presence and absence of SD among these were as
shown in Table 2. On an average, the patients included
in the study had a psychiatric illness for the duration
of 4.23 ± 3.85 years.
Of 101 patients, 32 were on only one psychotropic drug.
Among these, 17 (16.83%) were on antidepressants,
15 (14.85%) were on antipsychotics and three (2.97%)
on mood stabilizers. Table 3 shows the distribution of
patients who were on a combination of psychotropics.
Figure 1 shows the changes observed in various
attributes describing sexual functioning. Many patients
showed a marked decrease.
Table 1: Socio demographic details and SD (n=101)
Variable

Sexual dysfunction n (%)
(mean±SD)
Present
Absent

Age (in years)
Religion
Hindu
Muslim
Christian
Occupation
Homemaker
Pvt. Employment
Govt. Employment
Residence

33.39±7.04

Rural
Urban

χ2/t value

P value

32.25±6.89

0.763

0.447

63 (62.38)
5 (4.95)
1 (0.99)

28 (27.72)
4 (3.96)
0 (0)

1.176

0.555

61 (60.40)
4 (3.96)
4 (3.96)

29 (28.71)
1 (0.99)
2 (1.98)

0.335

0.846

30 (29.7)
39 (38.6)

18 (17.8)
14 (13.9)

1.430

0.232

Table 2: SD and psychiatric disorders and their duration
(n=101)
Variable

Duration of Psychiatric
Illness (in years)
Classification
Psychosis
Neurosis
Mood disorders

Sexual dysfunction n (%)
(mean±SD)
Present
Absent

χ2/t value

P value

4.24±4.27

4.21±2.77

0.03

0.973

15 (14.85)
12 (11.88)
42 (41.58)

9 (8.91)
8 (7.92)
15 (14.85)

1.773

0.412
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Figure 2 provides the details of diagnostic categories
of SD as per DSM‑IV‑TR. Among the 101 patients
included in the study, 69 (68.32%) had SD. The FSFI
scores for patients with SD and patients without SD
were respectively 57.06 ± 19.20 and 69.38 ± 11.72. The
mean difference was statistically significant (P = 0.001).
Whereas the FSFI scores across the groups of patients
being treated with different groups of psychotropic
medications, namely, antipsychotics, antidepressants,
and antidepressants + benzodiazepines were,
respectively, 64.40 ± 16.26, 63.24 ± 17.89, and
57.07 ± 20.35. These scores did not indicate
statistically significant difference.
As shown in Table 4, there was no statistically significant
difference between the numbers of people in the groups
categorized by the psychotropic drugs administered.
The data in Table 5a show that there was statistically
significant difference in the FSFI scores of the groups
of patients with and without SD.
The data in Table 5b show that there was NO
statistically significant difference in the FSFI scores
of the groups of patients being treated with different
classes of psychotropics.

DISCUSSION
Totally 101 female patients attending psychiatry
OPD who fulfilled the inclusion criteria formed the
sample of this study. The CGI score for the sample
was 1.55 ± 0.62 which is indicative of the fact that
the patients in the sample were asymptomatic as
identified in results for at least 1 month preceding
the respective interviews. The criterion that patients be
asymptomatic is important as that tries to eliminate the
cause of underlying psychiatric illness being the prime
contributor to SD observed. In the context of patients
who had suffered depression, the criterion to include

Figure 1: Change in sexual functioning related attributes
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only asymptomatic patients assumes more importance
as studies have shown that there is a positive correlation
between Beck’s depression inventory score and the SD
prevalence. Hence, inclusion of only the asymptomatic
patients overcomes an important limitation observed
in earlier studies. The sociodemographic details of
the patients are as shown in Table 1. The age of the
patients ranged from 18 years to 45 years with a mean
of 33.03 years and a standard deviation of 6.98 years.
This particular age group was chosen to ensure that
the effect of menopause did not alter the results of the
study. The current study did not find any significant
difference (P = 0.447) between the presence or
absence of female sexual dysfunction (FSD) and age.
The previous study done by Laumann et al.[22] also
did not find any significant association between FSD
and age. The presence or absence of SD did not differ
significantly based on the religious beliefs or based
on the type of occupation or based on the residential
status of the patients. The cross‑sectional nature of
the study helped avoid any specific group related
bias. Other than these, the stringent exclusion criteria
Table 3: Combination of psychotropic drugs used (n=66)
Variable

Frequency

(n=101) (%)

41
09
07
03

40.59
8.91
6.93
2.97

02
02

1.98
1.98

01

0.99

01

0.99

Drugs
Antidepressants + Benzodiazepines
Antidepressants + Antipsychotics
Antipsychotics + Benzodiazepines
Antidepressants + Antipsychotics +
Benzodiazepines
Mood stabilizers + Antipsychotics
Mood stabilizers + Antidepressants
+ Benzodiazepines
Mood stabilizers + Antipsychotics +
Benzodiazepines
Mood stabilizers + Antipsychotics +
Antidepressants

Figure 2: Types of sexual dysfunction among patients
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Table 4: SD and commonly used psychotropic drugs (n=73)
Variable

Drugs n (%)
Antidepressants
(n=17)

Antidepressant +
Benzodiazepines (n=41)

χ2/F value

P value

3.109

0.211

Antipsychotics
(n=15)

Sexual dysfunction
Present
Absent

27 (65.85)
14 (34.15)

14 (82.35)
3 (17.65)

Table 5(a): FSFI scores in patients with SD and without
SD (n=101)
Variable

Sexual dysfunction n (%) χ2/t value P value
(mean±SD)
Present
Absent

Female Sexual Function 57.06±19.20 69.38±11.72
Index (FSFI) score

−3.346

0.001

ensured that patients with other medical conditions or
comorbidities which could have caused SD were not
included in the study. The criteria to exclude patients
with such co‑morbidities eliminated other significant
shortcomings of earlier study where patients with
medical conditions or comorbidities that could have led
to SD might have been included in the study.
The patients included in the study had a psychiatric
illness for the duration of 4.23 ± 3.85 years as shown
in Table 2. More than 2 years “duration” meant that
these patients had a chronic psychiatric illness and they
were taking psychotropic drugs for a long time.
The most common diagnoses were severe depressive
disorder with psychotic symptoms 19 (18.81%),
paranoid schizophrenia 13 (12.87%), recurrent
depressive disorder current episode severe without
psychotic symptoms 9 (8.91%), moderate depressive
disorder with somatic symptoms 8 (7.92%), mixed
anxiety and depressive disorder 7 (6.93%), dysthymia
7 (6.93%), and obsessive‑compulsive disorder 7 (6.93%).
Other conditions were few in number (<5%). The
patients were broadly grouped under psychosis
(major mental disorder) and neurosis (minor mental
disorder). In addition as the number of patients with
a mood disorder was very high –57 (56.44%). These
patients were put in a separate group.
The psychosis group n = 24 (23.76%) included patients
with paranoid schizophrenia and acute polymorphic
psychosis with symptoms of schizophrenia as most
common diagnoses. Neurosis group n = 20 (19.80%)
included patients with mixed anxiety and depressive
disorder and obsessive compulsive disorder as most
common diagnoses. Mood disorders n = 57 (56.44%)
included patients with severe depressive disorder with
psychotic symptoms, recurrent depressive disorder
current episode severe without psychotic symptoms,
Indian Journal of Psychological Medicine | Sep - Oct 2016 | Vol 38 | Issue 5

8 (53.33)
7 (46.67)

moderate depressive disorder with somatic symptoms
and dysthymia as most common diagnoses. SD among
these three broad groups of psychiatric disorders did
not differ significantly (P = 0.412). SD did not differ
significantly based on duration of illness (P = 0.973).
As evident from Table 2, SD was more prevalent in
patients with mood disorders 42 (41.58%), followed by
patient’s with psychosis numbering 15 (14.85%) and
neurosis numbering 12 (11.88%). However, difference
in prevalence of SD was not statistically significant.
Patients were on regular treatment with either single
psychotropic medication or on a combination of multiple
drugs. Seventeen patients were on only antidepressants,
15 were on only antipsychotics and three were on only
mood stabilizers. Table 3 shows that large number of
patients were on combination of an antidepressant with
a benzodiazepine (n = 41), followed by combination
of an antidepressant and an antipsychotic (n = 9),
and then followed by a combination of antipsychotics
and benzodiazepines (n = 7). The highest number of
patients was on a combination of an antidepressant
and a benzodiazepine. Many patients were on these
medications as significant number (50) female patients
included in the study had mood disorders‑predominantly
depressive disorder.
Overall prevalence of SD was 68.32%. It is higher
than 43% prevalence found among the general female
population by the earlier study[5] in the United States
of America. Similar finding of high prevalence of SD
in patients who were receiving psychotropic drugs is
present in literature.[2] There has rarely been a study
which investigated FSD as an adverse effect of all classes
of psychotropic medication. The previous studies by
Peuskens et al.[23] and Ghadirian et al.,[14] have focused
on understanding the female SD as an adverse effect
of one class or subclass or a certain specific medication
belonging to a specific subclass of psychotropic
medications. Hence direct comparisons between the
overall rate of prevalence of FSD among patients found
in this study and other studies could not be made.
Table 3 shows that the prevalence of SD in the
subgroups defined as per the psychotropics used in
treatments. In these subgroups, the prevalence among
451
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Table 5(b): FSFI scores and commonly used psychotropic medications (n=101)
Variable

FSFI Score

Antipsychotics
(n=15)

Drugs
Antidepressants
(n=17)

Antidepressant +
Benzodiazepines (n=41)

64.40±16.26

63.24±17.89

57.07±20.35

F value

P value

1.130

0.329

the female patients being treated with the antipsychotics
was 53.33% (n = 15), with the antidepressants
was 82.35% (n = 17) and the antidepressants and
benzodiazepines was 65.85% (n = 41). The prevalence
among these three groups did not show statistically
significant difference. The patients on combination
of antidepressants and benzodiazepines showed lesser
prevalence of SD than the patients on antidepressant
alone. This finding is difficult to explain. The current
study showed that all psychotropic medications cause
SD when used alone or in combinations. There is similar
finding from the earlier study by Ernst et al.[24] In this
study, prevalence of SD caused by antidepressants
was highest (82.35%). However, numbers of patients
in the study on antipsychotics (n = 15) and on
antidepressants (n = 17) were too small to draw definite
conclusion about relative prevalence.

hypoactive sexual desire disorder, three (2.97%) of
them had female sexual arousal disorder, two (1.98%)
had female orgasmic disorder, two (1.98%) of them
had hypoactive sexual desire disorder along with female
sexual arousal disorder. Large majority had two and
more SD which suggests that psychotropic drugs could
be strong culprits. However, studies on this subject so
far are scarce.[25]

In Indian culture females do not easily talk about their
sexual problems openly. Married female investigator
was an asset in reducing the cultural barrier and
encouraging these patients to be free in explaining their
sexual difficulties. Figure 1 shows that after starting
psychotropic drugs there was decreased libido in
65 (64.36%), the frequency of masturbation decreased
in 17 (16.83%), the frequency of intercourse decreased
in 50 (49.51%), the sexual responsiveness decreased in
40 (39.60%), lubrication decreased in 34 (33.66%), and
sexual satisfaction decreased in 39 (38.61%). Thus, more
than two‑thirds of the patients had decreased libido,
almost half of the patients had decreased frequency of
intercourse and more than one‑third of the patients had
decreased sexual responsiveness, decreased lubrication
and decreased sexual satisfaction as shown in Figure 1. In
this study, however, very few cases had increased libido
in 8 (7.92%), increase in masturbation in 1 (0.99%) and
increase in frequency of intercourse in 3 (2.97%) which
is not expected. In other studies on various psychotropic
drugs and their sexual side effects, there was not a single
study showing increased sexual function. In terms of
sexual side effects of psychotropics increasing sexual
performance in these few patients could be the result of
improvement of underlying primary psychiatric illness.
However, definite reasoning cannot be offered.

ANOVA was applied to compare the FSFI scores
among the patients who were classified in three
broad groups based on the type of psychotropics they
were being administered. The results are shown in
Table 5b. The mean of FSFI score was low among the
group of patients who received antidepressants along
with benzodiazepines signifying that this group has
higher SD than the groups of patients which received
antidepressants and antipsychotics separately. There is
no previous study to compare this finding with.

Figure 2 shows the diagnostic categories of SD as per
DSM‑IV‑TR. Among the 69 patients who had SD,
48 (47.52%) were affected by more than two types of
sexual function disorders, 14 (13.86%) of them had
452

The patients were divided into two groups on the basis
of SD being present or absent and the FSFI scores of
these two groups were compared and the difference
between scores was very significant (P = 0.001).
Table 5a shows that FSFI score was 57.06 ± 19.20 in
patients with SD and 69.38 ± 11.72 in patients without
SD. High FSFI scores indicated low SD and low scores
indicated high SD.

One of the objectives of the study was to compare the SD
among the individual group of psychotropics (atypical
antipsychotics and SSRIs). The numbers of patients
on SSRI’s (n = 5) and atypical antipsychotics (n = 12)
were very small. As the numbers of patients on a
specific medicine were very small, the patients on all
antipsychotics and patients on all antidepressants were
clubbed together for statistical analysis. Table 4 shows
that the number of patients who were on combination
of antidepressants and benzodiazepines and had SD
was 27 (65.85%); which was the mid‑range compared
to the number of people on antipsychotics (n = 15) who
had SD eight (53.33%) and to the number of people
on antidepressants (n = 17) who had SD 14 (82.35%).
The higher prevalence of SD among patients on
antidepressants is consistent with the study carried
out by Ernst et al.[24]
To compare the SD among patients receiving
antipsychotics and antidepressants, comparisons of
Indian Journal of Psychological Medicine | Sep - Oct 2016 | Vol 38 | Issue 5
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FSFI scores and “sexual function details”/“DSM‑IV‑TR
classified sexual disorders” were made. The comparisons
were also made according to whether antipsychotic drug
was used or antidepressant drug was used or a common
combination of antidepressants and benzodiazepines
was used. The results of these comparisons were
statistically not significant.
All medications whether single or in combination did
cause SD and/or sexual disorder in at least one‑third
of the patients. As statistically significant difference
was not visible and as number of patients treated
with each specific type/combination of psychotropics
was small, a definite comment could not be made
on the propensity of individual type/combination of
psychotropics to cause SD or type of SD. The study
emphasizes the need to carry out a study on larger
number of patients who are on single psychotropic to
get better insight into the relationship between the
psychotropic and its sexual side effects. This will help
in improving the compliance and quality of life for the
patients on the psychotropics.

CONCLUSION
The prevalence of SD among female patients who
were on one or more psychotropic medications is very
high (68.32%). A number of patients on the single
psychotropic drug was so small that a definite inference
could not be drawn about the causal relationship
between the specific drug and the type/prevalence of
the SD. The study emphasizes the need to carry out
similar studies on larger number of patients who are on a
psychotropic drug to get better insight into the problem.
The understanding gained will help in ensuring better
compliance and improved quality of life for patients
on psychotropics.
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ABSTRACT
Background
To successfully initiate and maintain breastfeeding for a longer duration, the World Health Organization's Ten Steps to Successful
Breastfeeding recommends total avoidance of artificial teats or pacifiers for breastfeeding infants. Concerns have been raised that offering
the pacifier instead of the breast to calm the infant may lead to less frequent episodes of breastfeeding and as a consequence may reduce
breast-milk production and shorten duration of breastfeeding.
Objectives
To assess the effect of restricted versus unrestricted pacifier use in healthy full-term newborns whose mothers have initiated breastfeeding
and intend to exclusively breastfeed, on the duration of breastfeeding, other breastfeeding outcomes and infant health.
Search methods
We searched the Cochrane Pregnancy and Childbirth Group's Trials Register (30 June 2016) and reference lists of retrieved studies.
Selection criteria
Randomised and quasi-randomised controlled trials comparing restricted versus unrestricted pacifier use in healthy full-term newborns
who have initiated breastfeeding.
Data collection and analysis
Two review authors independently assessed trials for inclusion and risk of bias, extracted data and checked them for accuracy. The quality
of the evidence was assessed using the GRADE approach.
Main results
We found three trials (involving 1915 babies) for inclusion in the review, but have included only two trials (involving 1302 healthy full-term
breastfeeding infants) in the analysis. Meta-analysis of the two combined studies showed that pacifier use in healthy breastfeeding infants
had no significant effect on the proportion of infants exclusively breastfed at three months (risk ratio (RR) 1.01; 95% confidence interval
(CI) 0.96 to 1.07, two studies, 1228 infants), and at four months of age (RR 1.01; 95% CI 0.94 to 1.09, one study, 970 infants, moderate-quality
evidence), and also had no effect on the proportion of infants partially breastfed at three months (RR 1.00; 95% CI 0.98 to 1.02, two studies,
1228 infants), and at four months of age (RR 0.99; 95% CI 0.97 to 1.02, one study, 970 infants). None of the included trials reported data on
the other primary outcomes, i.e. duration of partial or exclusive breastfeeding, or secondary outcomes: breastfeeding difficulties (mastitis,
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cracked nipples, breast engorgement); infant's health (dental malocclusion, otitis media, oral candidiasis; sudden infant death syndrome
(SIDS)); maternal satisfaction and level of confidence in parenting. One study reported that avoidance of pacifiers had no effect on cry/
fuss behavior at ages four, six, or nine weeks and also reported no effect on the risk of weaning before age three months, however the data
were incomplete and so could not be included for analysis.
Authors' conclusions
Pacifier use in healthy term breastfeeding infants, started from birth or after lactation is established, did not significantly affect the
prevalence or duration of exclusive and partial breastfeeding up to four months of age. Evidence to assess the short-term breastfeeding
difficulties faced by mothers and long-term effect of pacifiers on infants' health is lacking.

PLAIN LANGUAGE SUMMARY
Effect of restricted pacifier use on duration of breastfeeding in full-term infants
What is the issue and why is it important?
A pacifier, used to calm an infant, has become a cultural norm in many parts of the world. Unlimited pacifier use might cause nipple
confusion in newborn and hence early termination of breastfeeding. We wanted to explore the effect of restricting the use of a pacifier on
the duration of breastfeeding.
What evidence did we find?
We updated the search on 30 June 2016. We identified three studies, with a total of 1915 babies. One study could not be included in the
analysis and so findings are based on two studies involving 1302 infants. The mothers in the studies were motivated to breastfeed recruited
immediately after birth and at two weeks of life, respectively. We found that unrestricted use of a pacifier did not affect the proportion of
infants exclusive or partial breastfeeding at three and four months. The studies were remarkably consistent. We judged this to be moderatequality evidence. There was no information on the effect of pacifier use on any breastfeeding difficulties experienced by the mothers,
maternal satisfaction, infant crying and fussing and infant problems such as otitis media and dental malocclusion.
What does this mean?
In motivated mothers, there is moderate-quality evidence that pacifier use in healthy term breastfeeding infants before and after lactation
is established does not reduce the duration of breastfeeding up to four months of age. However, there is insufficient information on the
potential harms of pacifiers on infants and mothers. Until further information becomes available on the effects of pacifiers on the infant,
mothers who are well-motivated to breastfeed should be encouraged to make a decision on the use of a pacifier based on personal
preference.
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Pacifier use versus pacifier restriction for increasing duration of breastfeeding

Comparison: no restriction in pacifier use
Outcomes

Proportion of infants exclusively
breastfed at 4-6 months

Illustrative comparative risks* (95% CI)
Assumed risk

Corresponding risk

Control

Pacifier use versus
pacifier restriction

Study population
743 per 1000

751 per 1000
(699 to 810)

Outcome not reported

Breastfeeding difficulties

Outcome not reported

Maternal satisfaction and level of
confidence in parenting

Outcome not reported

Infant otitis media

Outcome not reported

Infant dental malocclusion

Outcome not reported

No of Participants
(studies)

Quality of the
evidence
(GRADE)

Comments

RR 1.01
(0.94 to 1.09)

970
(1 study)

⊕⊕⊕⊝
moderate 1

Not downgraded for study limitations (lack of blinding of the intervention as there was blinding
of the outcome assessor and outcome is objective)

*The basis for the assumed risk (e.g. the median control group risk across studies) taken from the included studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio.
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
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Patient or population: healthy full-term newborns whose mothers have initiated breastfeeding and intend to exclusively breastfeed
Settings: multi-centre trial carried out at 5 tertiary centres in Argentina
Intervention: restricted pacifier use
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BACKGROUND
Description of the condition
The World Health Organization (WHO) Expert Consultation
recommends that infants be exclusively breastfed (the infant
receives only breast milk with no other liquids including
water or solids) up to the first six months of life and as a
dietary supplement thereafter. In order to successfully initiate
and maintain breastfeeding for a longer duration, and avoid
supplementary feeding, the WHO's Ten Steps to Successful
Breastfeeding recommends artificial teats or pacifiers should not be
given for breastfeeding infants (WHO 1998).
The pacifier, a non-nutritive sucking device, which is also called
the dummy or teether is a smooth rubber or plastic object that
is given to an infant to suck on, in an attempt to provide comfort
and to stop crying. Its use has been documented since 1000 B.C.
(Kramer 2001; Levin 1971). Infants have a biological need to suck,
which includes non-nutritive sucking (NNS) on fingers, thumbs, and
pacifiers (Neifert 1995). NNS is considered normal for infants and
it often starts in the womb. The prevalence of NNS in a society
depends on ethnic and social-economic factors and childcare
practices and has become a cultural norm in many parts of the
world as a device used to calm the infant (Barros 1995).
Pacifiers are often believed to be harmless or even necessary and
beneficial for infants' development (Victora 1997), especially for
preterm infants. They provide a calming effect and have been
used for pain and anxiety prevention. A meta-analysis of seven
case-control studies (Hauck 2005) demonstrated an association
between pacifier use and a reduction in the risk of sudden infant
death syndrome (SIDS). Many hospitals have traditionally provided
pacifiers at birth.
Some observational studies (Levi 2002; Ullah 2003; Vogel 2001)
suggest that early infant exposure to a pacifier may interfere
with breast-milk production and lead to early discontinuation of
breastfeeding by three to six months (Boccolini 2015; Mascarenhas
2006) and overall breastfeeding by 12 months (Scott 2005). This is
perhaps due to less frequent episodes of breastfeeding, ineffective
sucking on the breasts which may lead to increased breastfeeding
difficulty and thus, decreased maternal motivation to breastfeed.

Description of the intervention
For this review, the intervention is the restriction of pacifiers in
breastfeeding infants. With restricted pacifier use, mothers should
be advised to initiate breastfeeding early, breastfeed their infant
on demand and to avoid offering the pacifier or artificial teats
unless medically indicated for a short duration. Information might
be given on the possible effects of pacifier use on breast-milk
production, including the possibility of nipple confusion and the
effect of reduced sucking at the breast. Mothers could be taught
alternative methods to manage their infants' fuss and cry instead
of using a pacifier to calm and soothe them. Using a pacifier
between the feeds sparingly or occasionally for a short duration to
calm the infant from pain or anxiety when other effort has failed
or for the control of procedural pain is thought to be unlikely
to affect the frequency of breastfeeding (Vogel 2001), or cause
breastfeeding difficulty (Ullah 2003) and hence, it should be left
to the mother's discretion to decide on their infant's need after
ensuring that breastfeeding frequency is not compromised. The
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control intervention is unrestricted pacifier use where a pacifier
could be offered liberally to the infant to suck on for many hours a
day between the feeds without any clear medical reason.

How the intervention might work
It has been suggested that avoidance or restricted daily usage of
pacifier in breastfeeding infants, especially in the first few weeks of
life until breastfeeding is fully established, is beneficial in increasing
the duration of breastfeeding (Boccolini 2015; Levi 2002) as it allow
infants to be exclusively breastfed without interference. Studies
have shown that breast-milk production and supply are maintained
by frequent suckling of the breast and nipple stimulation by the
infant (Aarts 1999; Neville 1988). In order to breastfeed successfully,
infants must learn to attach and suckle properly at the breast.
Effective breast sucking technique requires the infant to have a
wide open mouth, with the tongue under the areola and requires
slow and deep sucks, whereas sucking on a pacifier is superficial
sucking, with short and fast sucks using minimal effort (Gomes
2006; Righard 1992).
The difference in oral dynamics between sucking on the breasts and
sucking on a pacifier might cause 'nipple confusion', which might
lead to ineffective sucking of breast milk (Gomes 2006; Neifert
1995). Incorrect latching onto the breasts and superficial sucking
on the mother's nipple may lead to a cracked nipple and mastitis,
which might further impede breastfeeding. In addition, frequent
and prolonged use of pacifier might lead to the development of a
preference for an artificial teat instead of the mother's nipple. As
a consequence, it would not only reduce a mother's breast-milk
production causing early weaning of breastfeeding (Howard 1999;
Righard 1998), but it might also increase the fuss and cry due to
inadequate breast-milk supply, which might result in the mother
supplementing her infant with formula milk.
Interestingly, there is evidence to suggest that the pacifiers may
have a positive effect on breastfeeding. This might be because they
may help to take the infant off the breast and thereby increase the
interval between feedings and possibly increase breast-milk intake
by the infant (Victora 1997). Observational evidence also indicates
that occasional use of the pacifier has no effect on breastfeeding
duration compared to daily pacifier use (Ullah 2003; Vogel 2001)
and thus it remains unclear whether pacifiers are an independent
causal factor for reducing breastfeeding duration.

Why it is important to do this review
Conventional wisdom and that derived from observational studies
holds that pacifiers interfere with breastfeeding and significantly
decrease breastfeeding duration, but this association has not been
confirmed by high-quality studies (Kair 2013; O'Connor 2009).
There is some evidence that pacifiers may have a beneficial
effect in preventing SIDS including in breastfed infants (Hauck
2005) and many practitioners and hospitals recommend their use
during sleep time. However, some breastfeeding advocates have
expressed concern that promotion of pacifier use to be protective
against SIDS, is inconsistent with promotion of breastfeeding. A
more recent meta-analysis of 18 case-control studies (Hauck 2011)
suggested that breastfeeding itself might also be protective against
SIDS, especially when breastfeeding is exclusive. Other studies
have suggested an association between long-term sucking on the
pacifier and increased risk of recurrent acute otitis media (Jackson
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1999), oral candidiasis (Darwazeh 1995) and dental malocclusion
(Caglar 2005). However a systematic review (Pinelli 2000) reported
that decreasing the use of the pacifier around age two and
discontinuing by age four might minimise the development of
malocclusion.

1. Prevalence or proportion of infants being fully or partially
breastfed at three, four and six months of age.
2. Duration of full or exclusive breastfeeding (months) as defined
by Labbok 1990.
3. Duration of any or partial breastfeeding (months).

Nevertheless, pacifier use is a cultural norm and a lifestyle choice.
The current available evidence is not yet clear yet on the impact of
pacifier use on breastfeeding duration or exclusivity. It also remains
unclear whether early breastfeeding cessation and a maternal
intention to wean the infant from exclusive breastfeeding precedes
the use of a pacifier or vice versa. It is possible that a mother
may have experienced breastfeeding difficulties early and intended
to stop breastfeeding by introducing the pacifier to the infant in
preparation to take on bottle feeding.

Secondary outcomes

Therefore, the aim of this review is to study the effect of restricted
pacifier exposure in healthy infants whose mothers have initiated
breastfeeding and intend to exclusively breastfeed, on the duration
of breastfeeding and infant health.

OBJECTIVES
To assess the effect of restricted pacifier use versus unrestricted
pacifier use in healthy full-term newborns whose mothers have
initiated breastfeeding and intend to exclusively breastfeed, on the
duration of breastfeeding, other breastfeeding outcomes and infant
health.

METHODS
Criteria for considering studies for this review
Types of studies
All randomised controlled trials including quasi-randomised trials
and cluster-randomised trials. Cross-over trials were not eligible for
inclusion.
Types of participants
Healthy full-term newborns whose mothers have initiated
breastfeeding and intend to exclusively breastfeed regardless of
whether they were born at home or in hospital. We planned to
exclude studies including newborns exposed to bottle feeding prior
to enrolment.
Types of interventions
Advice against pacifier use (restricted) compared with unrestricted
or actively encouraged use of a pacifier in breastfeeding infants
from postpartum period till six months of age.
Types of outcome measures
Definition of breastfeeding and partial breastfeeding
Full or exclusive breastfeeding is defined as no food (solid or
liquid including water) other than breast milk. Almost exclusive
breastfeeding allows infrequent supplemental liquids, other than
milk formula, and in partial breastfeeding other milk supplements
are regularly given along with breastfeeding (Labbok 1990).
Primary outcomes
Duration of breastfeeding as measured by one of the following.

1. Breastfeeding difficulties (cracked nipples, breast engorgement,
mastitis).
2. Maternal satisfaction and level of confidence in parenting.
3. Episodes/frequency of infant crying and fussing per day.
4. Incidence of sudden infant death syndrome (SIDS).
5. Infant oral candidiasis.
6. Infant otitis media.
7. Infant dental malocclusion.

Search methods for identification of studies
The following methods section of this review is based on a standard
template used by the Cochrane Pregnancy and Childbirth Group.
Electronic searches
We searched the Cochrane Pregnancy and Childbirth Group’s Trials
Register by contacting their Information Specialist (30 June 2016).
The Register is a database containing over 22,000 reports of
controlled trials in the field of pregnancy and childbirth. For full
search methods used to populate the Pregnancy and Childbirth
Group’s Trials Register including the detailed search strategies for
CENTRAL, MEDLINE, Embase and CINAHL; the list of handsearched
journals and conference proceedings, and the list of journals
reviewed via the current awareness service, please follow this
link to the editorial information about the Cochrane Pregnancy
and Childbirth Group in the Cochrane Library and select the
‘Specialized Register ’ section from the options on the left side of
the screen.
Briefly, the Cochrane Pregnancy and Childbirth Group’s Trials
Register is maintained by their Information Specialist and contains
trials identified from:
1. monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL);
2. weekly searches of MEDLINE (Ovid);
3. weekly searches of Embase (Ovid);
4. monthly searches of CINAHL (EBSCO);
5. handsearches of 30 journals and the proceedings of major
conferences;
6. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.
Search results are screened by two people and the full texts
of all relevant trial reports identified through the searching
activities described above are reviewed. Based on the intervention
described, each trial report is assigned a number that corresponds
to a specific Pregnancy and Childbirth Group review topic (or
topics), and is then added to the Register. The Information
Specialist searches the Register for each review using this topic
number rather than keywords. This results in a more specific search
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(2) Allocation concealment (checking for possible selection bias)

We searched the reference lists of retrieved studies.

We described for each included study the method used to conceal
allocation to interventions prior to assignment and assessed
whether intervention allocation could have been foreseen in
advance of, or during recruitment, or changed after assignment.

We did not apply any language or date restrictions.

We assessed the methods as:

Data collection and analysis

• low risk of bias (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes);
• high risk of bias (open random allocation; unsealed or nonopaque envelopes, alternation; date of birth);
• unclear risk of bias.

Searching other resources

For methods used in previous versions of this review, see Jaafar
2011; Jaafar 2012.
For this update, we planned to use the following methods to
assess the one report identified as a result of the updated search.
Unfortunately, no new studies were included in this update.
The following methods section of this review is based on a standard
template used by Cochrane Pregnancy and Childbirth.
Selection of studies
Two review authors independently assessed for inclusion the
potential study identified as a result of the search strategy. We
resolved any disagreement through discussion or, if required, we
consulted the third review author.
Data extraction and management
We designed a form to extract data. In the previous version
of this review (Jaafar 2012), for eligible studies, two review
authors extracted the data using the agreed form. We resolved
discrepancies through discussion or, if required, we consulted
the third review author. Data were entered into Review Manager
software (RevMan 2014) and checked for accuracy.
When information regarding any of the above was unclear, we
planned to contact authors of the original reports to provide further
details.

(3.1) Blinding of participants and personnel (checking for
possible performance bias)
We described for each included study the methods used, if any, to
blind study participants and personnel from knowledge of which
intervention a participant received. We considered that studies
were at low risk of bias if they were blinded, or if we judged that
the lack of blinding unlikely to affect results. We assessed blinding
separately for different outcomes or classes of outcomes.
We assessed the methods as:
• low, high or unclear risk of bias for participants;
• low, high or unclear risk of bias for personnel.
(3.2) Blinding of outcome assessment (checking for possible
detection bias)
We described for each included study the methods used, if any, to
blind outcome assessors from knowledge of which intervention a
participant received. We assessed blinding separately for different
outcomes or classes of outcomes.
We assessed methods used to blind outcome assessment as:

Assessment of risk of bias in included studies

• low, high or unclear risk of bias.

In the previous version of this review (Jaafar 2012), two review
authors independently assessed risk of bias for each study using the
criteria outlined in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011). Any disagreement was resolved by
discussion or by involving a third assessor.

(4) Incomplete outcome data (checking for possible attrition
bias due to the amount, nature and handling of incomplete
outcome data)

(1) Random sequence generation (checking for possible
selection bias)
We described for each included study the method used to generate
the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.
We assessed the method as:
• low risk of bias (any truly random process, e.g. random number
table; computer random number generator);
• high risk of bias (any non-random process, e.g. odd or even date
of birth; hospital or clinic record number);
• unclear risk of bias.

We described for each included study, and for each outcome or
class of outcomes, the completeness of data including attrition
and exclusions from the analysis. We stated whether attrition and
exclusions were reported and the numbers included in the analysis
at each stage (compared with the total randomised participants),
reasons for attrition or exclusion where reported, and whether
missing data were balanced across groups or were related to
outcomes. Where sufficient information was reported, or could be
supplied by the trial authors, we planned to re-include missing data
in the analyses which we undertook.
We assessed methods as:
• low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups);
• high risk of bias (e.g. numbers or reasons for missing
data imbalanced across groups; ‘as treated’ analysis done
with substantial departure of intervention received from that
assigned at randomisation);
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• unclear risk of bias.
(5) Selective reporting (checking for reporting bias)
We described for each included study how we investigated the
possibility of selective outcome reporting bias and what we found.
We assessed the methods as:
• low risk of bias (where it is clear that all of the study’s prespecified outcomes and all expected outcomes of interest to the
review have been reported);
• high risk of bias (where not all the study’s pre-specified
outcomes have been reported; one or more reported primary
outcomes were not pre-specified; outcomes of interest are
reported incompletely and so cannot be used; study fails to
include results of a key outcome that would have been expected
to have been reported);
• unclear risk of bias.
(6) Other bias (checking for bias due to problems not covered by
(1) to (5) above)
We described for each included study any important concerns we
had about other possible sources of bias.
(7) Overall risk of bias
We made explicit judgements about whether studies were at high
risk of bias, according to the criteria given in the Handbook (Higgins
2011). With reference to (1) to (6) above, we planned to assess
the likely magnitude and direction of the bias and whether we
considered it is likely to impact on the findings. In future updates,
we will explore the impact of the level of bias through undertaking
sensitivity analyses - see Sensitivity analysis.
Assessment of the quality of the evidence using the GRADE
approach
For this update (2016) the quality of the evidence was assessed
using the GRADE approach as outlined in the GRADE handbook
in order to assess the quality of the body of evidence relating to
the following outcomes for the main comparisons of unrestricted
pacifier versus no pacifier use in breastfeeding infants.
Primary outcomes
1. Prevalence or proportion of infants fully breastfed four to six
months of age.
2. Duration of full or exclusive breastfeeding (months).

Cochrane Database of Systematic Reviews

imprecision, indirectness and publication bias) to assess the
quality of the body of evidence for each outcome. The evidence can
be downgraded from 'high quality' by one level for serious (or by
two levels for very serious) limitations, depending on assessments
for risk of bias, indirectness of evidence, serious inconsistency,
imprecision of effect estimates or potential publication bias.
Measures of treatment effect
Dichotomous data
For dichotomous data, we presented results as summary risk ratio
with 95% confidence intervals.
Continuous data
Had we encountered continuous outcomes, we would have
reported the mean difference if outcomes were measured in the
same way between trials. We would have used the standardised
mean difference to combine trials that measured the same
outcome, but used different methods.
Unit of analysis issues
Cluster-randomised trials
Had we identified any cluster-randomised trials, we would have
included them in the analyses along with individually-randomised
trials. We would have adjusted their sample sizes or standard
errors using the methods described in the Handbook [Section
16.3.4 or 16.3.6] using an estimate of the intracluster correlation
co-efficient (ICC) derived from the trial (if possible), from a
similar trial or from a study of a similar population. If we had
used ICCs from other sources, we would have reported this and
conducted sensitivity analyses to investigate the effect of variation
in the ICC. If we had identified both cluster-randomised trials
and individually-randomised trials, we planned to synthesise the
relevant information. We would have considered it reasonable to
combine the results from both if there was little heterogeneity
between the study designs and the interaction between the effect of
intervention and the choice of randomisation unit was considered
to be unlikely.
We would have also acknowledged heterogeneity in the
randomisation unit and performed a sensitivity analysis to
investigate the effects of the randomisation unit.
Cross-over trials
Cross-over trials were not eligible for inclusion.
Other unit of analysis issues

Secondary outcomes
1. Breastfeeding difficulties such as cracked nipples, breast
engorgement, mastitis.
2. Maternal satisfaction and level of confidence in parenting.
3. Infant otitis media.
4. Infant dental malocclusion.
We used GRADEpro Guideline Development Tool to import data
from Review Manager 5.3 (RevMan 2014) in order to create a
’Summary of findings’ table. A summary of the intervention
effect and a measure of quality for each of the above outcomes
was produced using the GRADE approach. The GRADE approach
uses five considerations (study limitations, consistency of effect,

Had the included studies recruited twins, we would have reported
the proportion of twins in the study and described how these were
dealt with in the randomisation process.
Dealing with missing data
For included studies, levels of attrition were noted. In future
updates, if more eligible studies are included, the impact of
including studies with high levels of missing data in the overall
assessment of treatment effect will be explored by using sensitivity
analysis.
For all outcomes, analyses were carried out, as far as possible, on an
intention-to-treat basis i.e. we attempted to include all participants
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randomised to each group in the analyses. The denominator for
each outcome in each trial was the number randomised minus any
participants whose outcomes were known to be missing.
Assessment of heterogeneity
We assessed statistical heterogeneity in each meta-analysis using
the Tau2, I2 and Chi2 statistics. We regarded heterogeneity as
substantial if an I2 was greater than 30% and either the Tau2 was
greater than zero, or there was a low P value (less than 0.10)
in the Chi2 test for heterogeneity. Had we identified substantial
heterogeneity (above 30%), we planned to explore it by prespecified subgroup analysis.
Assessment of reporting biases
In future updates, if there are 10 or more studies in the metaanalysis, we will investigate reporting biases (such as publication
bias) using funnel plots. We will assess funnel plot asymmetry
visually. If asymmetry is suggested by a visual assessment, we will
perform exploratory analyses to investigate it.
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However, we were unable to carry out subgroup analysis in this
update due to lack of data.
In future updates, if subgroup analysis is possible, we will assess
subgroup differences by interaction tests available within RevMan
(RevMan 2014). We will report the results of subgroup analyses
quoting the Chi2 statistic and P value, and the interaction test I2
value.
Sensitivity analysis
We planned to carry out sensitivity analyses to explore the effect of
trial quality assessed by concealment of allocation, high attrition
rates, or both, with poor quality studies being excluded from the
analyses in order to assess whether this makes any difference to
the overall result. However, we were unable to carry out sensitivity
analysis due to lack of data in this update.

RESULTS
Description of studies

Data synthesis

Results of the search

We carried out statistical analysis using the Review Manager
software (RevMan 2014). We used fixed-effect meta-analysis for
combining data where it was reasonable to assume that studies
were estimating the same underlying treatment effect: i.e. where
trials were examining the same intervention, and the trials’
populations and methods were judged sufficiently similar.

For the previous version of this review (Jaafar 2012), we identified
nine reports of five randomised controlled trials (RCTs). We
included three studies and excluded two. For this update we
identified one new trial report, which we excluded (Feldens 2013).

If there was clinical heterogeneity sufficient to expect that
the underlying treatment effects differed between trials, or if
substantial statistical heterogeneity was detected, we planned to
use random-effects meta-analysis to produce an overall summary,
if an average treatment effect across trials was considered
clinically meaningful. The random-effects summary would have
been treated as the average of the range of possible treatment
effects and we would have discussed the clinical implications of
treatment effects differing between trials. If the average treatment
effect was not clinically meaningful, we planned not to combine
trials. If we had used random-effects analyses, the results would
have been presented as the average treatment effect with 95%
confidence intervals, and the estimates of Tau2 and I2.
Subgroup analysis and investigation of heterogeneity
Had we identified substantial heterogeneity, we would have
investigated it using subgroup analyses and sensitivity analyses.
We would have considered whether an overall summary was
meaningful, and if it was, we would have used random-effects
analysis to produce it.
We planned to carry out the following subgroup analyses:
1. primiparous versus multiparous mother;
2. vaginal delivery versus cesarean section.
We planned to use the following outcomes in subgroup analyses:
1. duration of full breastfeeding (months);
2. duration of any or partial breastfeeding (months);
3. prevalence or proportion of infants being fully or partially
breastfed at three, four and six months of age.

Included studies
See Characteristics of included studies. We included three studies
involving 1915 babies (Jenik 2009; Kramer 2001; Schubiger 1997).
However, only two of these studies (involving 1302 babies: Jenik
2009; Kramer 2001) contribute data to the analyses.
Jenik 2009: a multicentre trial evaluated pacifier use in
breastfeeding infants once lactation was well-established to see
whether it reduced the prevalence or duration of breastfeeding. A
total of 1021 mothers highly motivated to breastfeed were recruited
and randomly assigned to whether pacifier was offered (n = 528) or
not offered (n = 493). The study was designed as a non-inferiority
trial and only mothers who were already successfully breastfeeding
at two weeks and who indicated their intention to continue to do
so for at least three months were enrolled. Mothers with breast
problems that could interfere with breastfeeding (sore nipples,
mastitis, inverted nipples, breast surgery) were not included.
Participating mothers were interviewed at one, two, three, four,
five, six, eight, 10 and 12 months after birth or until breastfeeding
ended. Interviews were conducted by a research assistant using
a structured questionnaire designed to assess exclusive or any
breastfeeding prevalence, duration of breastfeeding and whether
the baby had used a pacifier. The primary outcome was prevalence
of exclusive breastfeeding at three months. The main secondary
outcomes were the prevalence of exclusive and any breastfeeding
and duration of any breastfeeding. Primary analysis was by
intention-to-treat. Comparison between the two groups in the
study did not show any difference in the baseline characteristics
namely the infant birthweight, mode of delivery, maternal age and
education, and onset of breastfeeding.
Kramer 2001: a double-blind RCT, examined whether or not regular
pacifier use is related to weaning by three months of age. A total
of 281 healthy breastfeeding women who intended to breastfeed
their infant longer and their healthy term singleton infants were
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recruited in the immediate postnatal period prior to discharge from
hospital and randomised to one of two counselling interventions
provided by a trained research nurse. In the experimental group
(n = 140) the mother was asked to avoid pacifier use when the
infant cried or fussed and to first offer the breast and, failing that,
to try carrying or rocking the infant. In the control group (n =
141) all options were discussed for calming the infant, including
breastfeeding, carrying, rocking and pacifier use. To ascertain the
outcome, mothers were asked to complete a validated behaviour
diary on three consecutive days, when their infants were four, six
and nine weeks of age. Study mothers were interviewed at three
months by a research assistant who was blinded to the intervention
status of the mother. A total of 258 (91.8%) mother-infant pairs
completed three months follow-up.
Schubiger 1997: a multicentre prospective randomised trial
evaluating whether avoidance of bottles and pacifiers in the first
five days of life affected long-term breastfeeding performance. In
order to participate, hospitals were required to have established
functioning breastfeeding programmes with early initiation of
breastfeeding, lactation consultants, unrestricted rooming-in and
a policy of restricted infant formula supplements. A total of 602
healthy term infants of mothers who intended to stay in the
hospital for five days postpartum and planned to breastfeed for
three months or more were selected and randomly assigned to the
experimental group (n = 294) where breastfeeding was encouraged
and pacifiers and all forms of artifical teats were forbidden,
and to the control group (n = 308) where pacifiers were offered
without restriction to breastfeeding infants. In both groups, the
fluid supplements during the first five days, consisting of a 10%
dextrin-maltose solution, were allowed when medically indicated
and it was given by cup or spoon in the experimental group and
by bottle in the control group. Upon discharge from hospital it was
left to the mothers of both groups to decide whether or not to use
pacifier and/or bottle. Questionnaires were sent to the mothers at
two, four and six months to request feedback on breastfeeding,
introduction of supplementary nutrition and use of pacifiers. For
the hospital outcomes at five days of life only 180 in the experiment
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group were analysed after 114 (39%) were excluded for protocol
violations, of which 70 were due to use of pacifier. In the control
group there were 17 (5.5%) exclusions for protocol violations at
five days of life. Follow-up data at two, four and six months was
collected from the 70 infants who had protocol violations for use
of pacifier and were included in the analysis. In addition, loss to
follow-up of 23 (restricted pacifier) and 13 (controls) was reported.
It is not clear whether this applies to all three time points.
In the previous version of the review, we excluded Schubiger 1997
from the analysis due to it being at high risk of bias for incomplete
outcome data, with incomplete outcome data of nearly 40% in the
intervention group, which exceeded our pre-specified 20% attrition
limit. However, in this update we have updated the methods and
re-assessed this study. We decided we would now include this
study in the analysis and examine the effect of high attrition by
conducting sensitivity analysis. However, there were insufficient
data for our pre-specified outcomes to be included in the analysis
due to unclear denominators for the four- and six-month time
points. We have contacted the authors for clarification of these
data.
Excluded studies
We excluded three studies from the review (Collins 2004; Feldens
2013; Howard 2003). One study (Collins 2004) compared the use of
bottles and pacifiers versus cup feeding in preterm breastfeeding
infants who wanted to breastfeed their infant. Howard 2003
compared the effect of early versus late pacifier use in term
infants on duration of breastfeeding. The intervention for the other
excluded study identified during this update, (Feldens 2013) was
home visits to advise mothers about breastfeeding and pacifier
use and the outcome was the risk of pacifier use. For further
information, see Characteristics of excluded studies.

Risk of bias in included studies
See Figure 1 for a 'Risk of bias' graph and Figure 2 for a 'Risk of bias'
summary.

Figure 1. Figure 1: 'Risk of bias' graph: review authors' judgements about each risk of bias item presented as
percentages across all included studies.
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Figure 2. 'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.

Allocation

Incomplete outcome data

Two included studies employed computerised central
randomisation (Jenik 2009; Kramer 2001). Both studies used
consecutively numbered, opaque sealed envelopes but in the
third trial (Schubiger 1997), the method of randomisation was not
described and we rated this trials as 'unclear'. All three studies were
at low risk of allocation concealment.

Overall, the dropout rate was less than 10% from both arms, i.e.
4.9% versus 4.5% in Jenik 2009, 9.3% versus 7.1% in Kramer 2001,
respectively. However, in Schubiger 1997, the total dropout rate
(lost to follow-up and protocol violations) was 22% versus 9.7%,
respectively. We judged this imbalance to be high risk of bias.

Blinding
Two studies reported blinding of research nurse and outcome
assessors (Jenik 2009; Kramer 2001). In both studies blinding of
the care-giver was not mentioned. It would not be feasible to
blind participants to the intervention. One study did not mention
whether there was any blinding (Schubiger 1997).

Selective reporting
We detected no selective reporting and all expected outcomes were
reported.
Other potential sources of bias
There were no other potential sources of bias identified for two
studies (Jenik 2009; Kramer 2001). We judged Schubiger 1997 to
be at high risk of bias in this domain because we had to impute
the figures for the primary outcomes from percentages and others

Effect of restricted pacifier use in breastfeeding term infants for increasing duration of breastfeeding (Review)
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

11

Cochrane

Library

Trusted evidence.
Informed decisions.
Better health.

from a graph. In addition, the exact denominators for the primary
outcomes are unclear.

Effects of interventions
See: Summary of findings for the main comparison Restriction
of pacifier use versus no restriction for increasing duration of
breastfeeding
Comparison: Restricted or no pacifier use versus unrestricted
pacifier use
Primary outcomes
We included two out of three RCTs enrolling 1302 healthy fullterm breastfeeding infants for meta-analysis (Jenik 2009; Kramer
2001). Both of the trials contributed to at least one of the
primary outcomes, i.e. proportion of infants partially or exclusively
breastfed at three and four months of age. Comparison between
restricted pacifier use (intervention) and unrestricted pacifier use
(control) revealed that there was no difference in the proportion of
infants exclusively breastfed at three months (risk ratio (RR) 1.01;
95% confidence interval (CI) 0.96 to 1.07, two studies, 1228 babies,
I2 = 0%, (Analysis 1.1)) and at four months of age (RR 1.01; 95%
CI 0.94 to 1.09, one study, 970 babies, moderate-quality evidence
(Analysis 1.3)). There was also no difference in the proportion of
infants partially breastfed at three months (RR 1.00; 95%; CI 0.98
to 1.02, two studies, 1228 babies, I2 = 0%, (Analysis 1.2)), or at four
months (RR 0.99; 95% CI 0.97 to 1.02, one study, 970 babies (Analysis
1.4)). Thus, restricted or no pacifier use in full-term breastfeeding
infants after birth or after the establishment of lactation did not
significantly affect the prevalence or duration of exclusive or partial
breastfeeding up to the age of four months.
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Our review suggests that, in highly-motivated mothers, pacifier
use was not associated with a reduction in the rate or duration
of exclusive or partial breastfeeding, regardless of whether the
pacifier was introduced before or after lactation was established.

Overall completeness and applicability of evidence
Mothers enrolled into these trials were highly motivated to
continue breastfeeding. Jenik 2009 used extremely restrictive
inclusion criteria resulting in inclusion of mothers who had
successfully established breastfeeding after two weeks, and
excluding those with problems that could interfere with
breastfeeding, while Kramer 2001 enrolled mothers after childbirth
before lactation was established. These differences in inclusion
criteria could partly explain the differences in breastfeeding rates
seen at the end of the intervention period. This difference i.e. 34% in
Kramer 2001 compared with more that 85% in Jenik 2009, suggests
that the effect of the intervention would be similar across a range
of breastfeeding rates. The findings of our review suggest that
pacifier use before or after breastfeeding is established does not
affect duration of breastfeeding when mothers are motivated to
breastfeed their infants. The finding of this review, however, may
not apply to mothers who are less motivated or who have no desire
to breastfeed their infants longer.
This review was unable to evaluate any of our pre-specified
secondary outcomes (the effect of pacifier use on breastfeeding
difficulties faced by the mothers, and the effect of pacifier on longterm infant health, e.g. dental malocclusion, otitis media, dental
caries and sudden infant death syndrome (SIDS)). Further trials are
needed to evaluate these effects.

DISCUSSION

The WHO 'Ten Steps To Successful Breastfeeding' are valuable
guidelines for hospitals. Some recommendations however are
based on observational studies. The use of pacifier is a common
practice in many populations and thus, without having a solid
scientific evidence of its impact on breastfeeding duration,
this recommendation should also incorporate evidence from
randomised controlled trials. It should be noted that our review
provides evidence on which to base recommendations for women
who are motivated to breastfeed. The WHO Ten Steps To Successful
Breastfeeding of necessity needs to make recommendations taking
into account all levels of motivation of women using a birthing
facility. The American Academy of Pediatrics task force on SIDS
recommends that parents might consider the use of a pacifier at
nap and bedtime after breastfeeding is firmly established (AAP
2011). Our evidence does not contradict this recommendation.

Summary of main results

Quality of the evidence

We identified three randomised controlled trials (RCTs) (involving
1915 babies) for inclusion in the review. We were only able
to include two multicentre RCTs in the analysis. These two
trials involved six tertiary hospitals from two different countries,
enrolling a total of 1302 women. Meta-analysis of the two trials
showed that pacifier use in healthy breastfeeding infants had no
significant effect on the proportion of infants exclusively breastfed
at three months, and at four months of age, and also had no effect
on the proportion of infants partially breastfed at three months and
at four months of age. All of these effect estimates are very close
to 1, the line of no effect, and the confidence intervals (CIs) are all
remarkably narrow suggesting true evidence of no effect.

Our primary outcome was the proportion of infants with partial
or exclusive breastfeeding at three, four or six months. Of these,
we judged the longer durations of breastfeeding to be more
important and although there were data from two included studies,
for the outcome exclusive breastfeeding at four to six months,
there was only one study. We therefore rated the quality of
evidence as moderate for this outcome. However we noted that
the primary outcome of duration of breastfeeding reported in
four ways (exclusive and partial breastfeeding at three and four
months), consistently showed evidence of no effect with extremely
narrow confidence intervals. We did not downgrade for the lack
of blinding of the intervention because in both studies there was
blinding of the outcome assessor. In addition, we judged duration

None of the included studies reported data on the other primary
outcomes, i.e. duration of partial or exclusive breastfeeding.
Secondary outcomes
Kramer 2001 reported that avoidance of pacifiers had no effect on
cry/fuss behavior at ages four, six, or nine months and had no effect
on the risk of weaning before age three months. However, the data
were incomplete for analysis. None of the included studies reported
data on breastfeeding difficulties (mastitis, cracked nipples, breast
engorgement); infant's health (dental malocclusion, otitis media,
oral candidiasis, sudden infant death syndrome (SIDS)); and
maternal satisfaction and level of confidence in parenting.
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of breastfeeding to be an objective outcome that would not be
influenced by the lack of blinding. We were unable to assess other
GRADE outcomes because they were not reported in the trials:
duration of full breastfeeding (months); breastfeeding difficulties
such as cracked nipples, breast engorgement, mastitis; infant otitis
media; infant dental malocclusion.

Potential biases in the review process
We were able to conduct an extensive search according to the
methods of Cochrane Pregnancy and Childbirth. Since pacifier use
is a non-pharmacological intervention we believe there is a low
risk of publication bias, although as noted in feedback previously
posted, there is evidence of industry involvement in one of our
included studies, (see Feedback). A potential bias of this review is
that we analysed only two (1302 participants) of our three included
studies involving 1915 participants. In an earlier version we prespecified we would not include studies in our analysis if there was
an attrition rate of 20% or higher because we considered such
studies to be an extreme risk of attrition bias. For this update
the criteria for attrition bias have been updated according to the
current recommendations for dealing with attrition (Higgins 2011).
An earlier version of this review aimed to assess the effect
of pacifier use compared with no pacifier use. After receiving
feedback (Feedback 1) on this version it became apparent that
our question would be better stated as it is currently, to assess
the effect of restricted pacifier use. This eliminated a potential
issue of contamination between the groups which was raised in the
feedback. This post hoc change could be regarded as a potential
bias of the review.

Agreements and disagreements with other studies or
reviews
The proposed mechanism for the relationship between reduced
breastfeeding and pacifier use is that when infants use pacifiers
they tend to suck on the breast less, and as a result the milk supply
is reduced, and subsequently fails. Our review contradicts the
finding of a meta-analysis of 31 cross-sectional and cohort studies
(Karabulut 2009) enrolling several thousand infants that reported
the use of pacifiers was associated with shortened duration of
exclusive and of any breastfeeding before six months of age
(RR 2.02; 95% CI 1.62 to 2.51 and RR 2.76; 95% CI 2.08 to 3.7,
respectively). However, the Karabulut 2009 review did not include
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any randomised controlled trials, including the two studies in this
review.

AUTHORS' CONCLUSIONS
Implications for practice
In motivated mothers, there is moderate-quality evidence that
pacifier use in healthy term breastfeeding infants before and
after lactation is established does not reduce the duration of
breastfeeding up to four months of age. However, there is
insufficient information on the potential harms of pacifiers on
infants and mothers. In the light of the current review, until further
information becomes available on the effects of pacifiers on the
infant, mothers who are well-motivated to breastfeed should be
encouraged to make a decision on the use of a pacifier based on
personal preference.

Implications for research
Further research is recommended to address the effect of pacifier
use on duration of breastfeeding that include less-motivated
women. We also recommend well-designed randomised controlled
trials to assess the rate of breastfeeding difficulties faced by
mothers associated with pacifier use and the long-term effect of
pacifier use on mother and infant health.
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Jenik 2009
Methods

A multicentre, non-inferiority, RCT. The randomisation was carried out centrally with consecutively
numbered, sealed, opaque envelopes containing random-generated numbers constructed by an independent statistician.

Participants

1021 mothers highly motivated to breastfeed their term newborns of birthweight 2500 g or more and
who regained weight by 15 days postpartum, were assigned to offer or not to offer pacifiers as part of
the advice given on how to comfort crying infants. Mothers with breast problems that could interfere
with breastfeeding were not included in the study. The study did not state whether twins were included.

Interventions

The group offered pacifiers (n = 528) received a package containing 6 silicone pacifiers and a written
guide for parents. They were also informed that other pacifiers could be use according to their preference.
The group that were not offered pacifier use (n = 493) received a guide with other alternatives for comforting a crying baby.
At the 3-month assessment, complete data for 499 mother-infants pairs in the group offered pacifiers
and 471 in the group not offered pacifiers were available for the main outcome analysis.

Outcomes

Primary outcomes: the prevalence of exclusive breastfeeding at 3 months.
Secondary outcomes: prevalence of exclusive and any breastfeeding at specified ages and duration of
any breastfeeding.

Notes

The study was carried out at 5 tertiary centres in Argentina. The author stated that the sponsor (International Children Medical Research Association, Switzerland) had no role in any part of the study. However, they acknowledge helpful advice from Peter Weiss, a consultant from a pacifier manufacturer
who may be the same Peter Weiss who is the vice president of the funding body.

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

It is reported that the randomisation was carried out centrally with random
generation conducted by an independent statistician.

Allocation concealment
(selection bias)

Low risk

Consecutively numbered, sealed opaque envelopes were used to conceal a
randomly-generated assignment. A series of 500 envelopes was given to research assistants at each participating hospital with instructions to open the
envelopes in numerical sequence and to assign the dyads to the corresponding group.

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Not reported.

Blinding of outcome assessment (detection bias)
All outcomes

Low risk

Outcome assessors were 'blinded to the group assignment'.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

4.9% (26/528) participants in 'offer pacifier' group and 4.5% (22/493) in the
non-offer pacifier group were lost to follow-up due to various reasons.

Selective reporting (reporting bias)

Low risk

None detected.

Comment: participant binding is not feasible.
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Other bias

Low risk

None detected.

Kramer 2001
Methods

Double-blinded RCT.

Participants

A total of 281 healthy breastfeeding women who were motivated to breastfeed and their healthy term
singleton infants recruited in the immediate postpartum period prior to hospital discharge.

Interventions

Participants were randomly allocated to 1 of 2 counselling interventions provided by a research nurse
trained in lactation counselling. A basic breastfeeding promotion package was included in both the intervention and control groups.
The intervention group (n = 140) were "asked to avoid pacifiers when the infant cried or fussed" and
suggested alternative ways to provide comfort.
The control group (n = 141) "all options were discussed for calming an infant" including pacifier use.

Outcomes

Mothers were asked to complete a validated behaviour diary on 3 consecutive days, at 4, 6 and 9 weeks
of age. Study mothers were interviewed at 3 months.
Primary outcome measures: rate of early weaning at 3 months, 72-hour infant behaviour logs detailing
frequency and duration of crying and fussing and pacifier use at 4, 6, 9 weeks.

Notes

The trial was carried out from January 1998 to August 1999 on women giving birth at the Royal Victoria
Hospital, a McGill University-affiliatted maternity hospital in Montreal, Quebec.

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Low risk

"Randomisation within each stratum was accomplished using computer-generated random numbers in blocks of 4." "Women were stratified by parity and
if multiparous according to whether they had breastfed previously."

Allocation concealment
(selection bias)

Low risk

"The assigned allocation was contained in an opaque envelope opened by a
research nurse after the consent was obtained."

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Not reported.

Blinding of outcome assessment (detection bias)
All outcomes

Low risk

"Study mothers were interviewed at 3 months by a research assistant who was
blinded to the intervention status of the mother."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

8.2% (23/281) participants, i.e. 13/140 from pacifier-avoidance group, 10/141
from pacifier-advised group lost to follow-up and did not complete the trial.

Selective reporting (reporting bias)

Low risk

None detected.

Other bias

Low risk

None detected.

Comment: blinding of the participants is not feasible.
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Schubiger 1997
Methods

Multicentre prospective randomised trial (from 10 centres).

Participants

A total of 602 healthy full-term infants (> 37 weeks of gestation, birthweight 2750 g to 4200 g) of mothers who intended to stay in the hospital for 5 days postpartum and planned to breastfeed for more than
3 months. The study did not state whether twins were included.

Interventions

UNICEF group (n = 294): "bottles, teats and pacifiers were strictly forbidden"; "supplements if medically
indicated were administered by cup or spoon".
Standard group (n = 308): "pacifiers were offered to all infants without restriction. Supplements were
conventionally offered by bottle after breastfeeding".
In both groups, the fluid supplements during the first few days consisted of a 10% dextrin-maltose solution. Fluid supplements were considered to be medically indicated in the following situations: babies
agitated or screaming after breastfeeding; signs of dehydration (no urine output over 4 hours after day
1); symptoms of hypoglycaemia with blood glucose < 2 mmol/L. In the standard group fluids were more
liberally offered.
About 180 participants in the UNICEF group and 291 participants in the standard group completed the
protocol. Almost 40% of the participants in the UNICEF group violated protocol during the first 5 days
in the hospital.
Upon discharge from the hospital, it was left to the mothers of both groups to decide whether to use a
pacifier and/or bottle.

Outcomes

Incidence of breastfeeding at day 5, and at 2, 4, 6 months, proportion of fully or partially breastfeeding
on day 5, sucking behaviour (good, mediocre, insufficient), incidence of fever, incidence of phototherapy. Questionaires administered to mothers at 2, 4, and 6 months were used to collect breastfeeding
outcomes after hospital discharge.

Notes

Study conducted in Switzerland. Results were reported in 2 separate publications with slight differences in the presentation of results. This study however was not included for analysis due to high attrition bias (almost 40% loss of participants in the intervention group) due to protocol violation in the first
weeks of the study.

Risk of bias
Bias

Authors' judgement

Support for judgement

Random sequence generation (selection bias)

Unclear risk

"Sealed protocol forms were centrally randomised."

Allocation concealment
(selection bias)

Low risk

Blinding of participants
and personnel (performance bias)
All outcomes

Unclear risk

Randomising participants in the same room or ward rather than comparing
routines of one ward to another - not feasible to blind participants.

Blinding of outcome assessment (detection bias)
All outcomes

Unclear risk

Blinding of clinician and outcome assessor is not described. However it is unlikely that they were blinded to the intervention.

Comment: The method of random sequence generation is not described.
"Sealed protocol forms were centrally randomised."
Comment: Allocation concealment incompletely described but likely to have
been present.
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Incomplete outcome data
(attrition bias)
All outcomes

High risk

The rate protocol violators is approximately 15% and 5.5% respectively and
the rate of lost to follow-up is 7.8% and 4.2%. Thus, the total dropout rate is
22% versus 9.7%, respectively after 70 protocol violaters due to pacifier use included into the analysis.
The other protocol violaters were due to bottle feeding, failure to spoon/cup
feed, early discharge and others.

Selective reporting (reporting bias)

Low risk

Protocol not available. All expected outcomes reported.

Other bias

High risk

Primary outcome data have to be imputed from percentages and exact denominators at 4 and 6 months follow-up are unclear.

RCT: randomised controlled trial

Characteristics of excluded studies [ordered by study ID]
Study

Reason for exclusion

Collins 2004

This RCT aimed to determine the effect of artificial teats and cup on breastfeeding in preterm infants and not term infants, our pre-specified inclusion criteria.

Feldens 2013

This was an RCT examining the effect of home visits for the purpose of giving breastfeeding advice
as well as advice about pacifier use. The control group treatment was not described. The primary
outcome was pacifier use.

Howard 2003

This RCT evaluated the effect of bottle feeding and pacifier use versus cup feeding and delayed
pacifier use in breastfeeding infants. Infants in both the intervention and the control group used
pacifiers and hence there is no comparison between pacifier use and non-pacifier use in breastfeeding infants. The study is excluded because the study population do not meet our inclusion criteria, as it included women who did not intend to breastfeed. Furthermore, the results for breastfeeding duration are presented as adjusted odds ratios and the primary data are not reported. Additionally, our review did not have an outcome 'breastfeeding at 5 weeks', as this is too short a duration to be clinically meaningful.

RCT: randomised controlled trial

DATA AND ANALYSES
Comparison 1. Restricted pacifier use versus unrestricted
Outcome or subgroup title

No. of
studies

No. of
participants

Statistical method

Effect size

1 Proportion of infants exclusively breastfed at 3
months

2

1228

Risk Ratio (M-H, Fixed, 95% CI)

1.01 [0.96, 1.07]

2 Proportion of infants partially breastfed at 3
months

2

1228

Risk Ratio (M-H, Fixed, 95% CI)

1.00 [0.98, 1.02]
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Outcome or subgroup title

No. of
studies

No. of
participants

Statistical method

Effect size

3 Proportion of infants exclusively breastfed at 4
months

1

970

Risk Ratio (M-H, Fixed, 95% CI)

1.01 [0.94, 1.09]

4 Proportion infants partially breastfed at 4
months

1

970

Risk Ratio (M-H, Fixed, 95% CI)

0.99 [0.97, 1.02]

Analysis 1.1. Comparison 1 Restricted pacifier use versus unrestricted,
Outcome 1 Proportion of infants exclusively breastfed at 3 months.
Study or subgroup

Jenik 2009
Kramer 2001

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

Weight

Risk Ratio
M-H, Fixed, 95% CI

406/471

428/499

90.56%

1[0.96,1.06]

46/127

44/131

9.44%

1.08[0.77,1.51]

598

630

100%

1.01[0.96,1.07]

Total (95% CI)

Total events: 452 (Restricted pacifier use), 472 (Unrestricted pacifier use)
Heterogeneity: Tau2=0; Chi2=0.21, df=1(P=0.65); I2=0%
Test for overall effect: Z=0.41(P=0.68)
Favours pacifier use

1

Favours restriction

Analysis 1.2. Comparison 1 Restricted pacifier use versus unrestricted,
Outcome 2 Proportion of infants partially breastfed at 3 months.
Study or subgroup

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

Weight

Risk Ratio
M-H, Fixed, 95% CI

Jenik 2009

468/471

494/499

82%

1[0.99,1.02]

Kramer 2001

103/127

107/131

18%

0.99[0.88,1.12]

598

630

100%

1[0.98,1.02]

Total (95% CI)

Total events: 571 (Restricted pacifier use), 601 (Unrestricted pacifier use)
Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%
Test for overall effect: Z=0.15(P=0.88)
Favours pacifier use

1

Favours restriction

Analysis 1.3. Comparison 1 Restricted pacifier use versus unrestricted,
Outcome 3 Proportion of infants exclusively breastfed at 4 months.
Study or subgroup

Jenik 2009

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

354/471

Weight

M-H, Fixed, 95% CI

371/499

Favours pacifier use

100%

1

Risk Ratio

1.01[0.94,1.09]

Favours restriction

Effect of restricted pacifier use in breastfeeding term infants for increasing duration of breastfeeding (Review)
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

20

Cochrane

Library

Trusted evidence.
Informed decisions.
Better health.

Study or subgroup

Cochrane Database of Systematic Reviews

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

Total (95% CI)

471

Weight

Risk Ratio
M-H, Fixed, 95% CI

499

100%

1.01[0.94,1.09]

Total events: 354 (Restricted pacifier use), 371 (Unrestricted pacifier use)
Heterogeneity: Not applicable
Test for overall effect: Z=0.29(P=0.77)
Favours pacifier use

1

Favours restriction

Analysis 1.4. Comparison 1 Restricted pacifier use versus unrestricted,
Outcome 4 Proportion infants partially breastfed at 4 months.
Study or subgroup

Jenik 2009

Total (95% CI)

Restricted
pacifier use

Unrestricted
pacifier use

Risk Ratio

n/N

n/N

M-H, Fixed, 95% CI

Weight

Risk Ratio
M-H, Fixed, 95% CI

452/471

482/499

100%

0.99[0.97,1.02]

471

499

100%

0.99[0.97,1.02]

Total events: 452 (Restricted pacifier use), 482 (Unrestricted pacifier use)
Heterogeneity: Not applicable
Test for overall effect: Z=0.52(P=0.61)
Favours pacifier use

1

Favours restriction

FEEDBACK
Di Mario, 6 July 2011
Summary
Pacifier use and breastfeeding [1] is an issue that is highly relevant to health professionals and families, for example this topic was the
most accessed among Evidence Updates registrants (http://plus.mcmaster.ca/EvidenceUpdates) and it is relevant to one of the ten steps
to successful breastfeeding of the WHO-UNICEF Baby Friendly Hospital Initiative [2].
We believe that this Cochrane review, stating that pacifier does not reduce breastfeeding rates, is severely flawed and biased and therefore
should be promptly revised. Here below is our criticism in detail.
The analysis is based only on two randomized controlled trials (RCTs) [3,4]. Validity of the review authors conclusions is limited as they
have excluded from the review a third RCT which shows an association between pacifier use and breastfeeding discontinuation at four
weeks [5]. The reason for this exclusion is reported as being that both groups were exposed to pacifier. Actually, the intervention group
was exposed to pacifier soon after birth while the control group was advised to avoid pacifiers up to five weeks of life of the newborn.
Therefore, data comparing breastfeeding practice before five weeks of life could have been appropriately included in the review, or at least
commented on.
In addition, the two studies included in the review were not designed to answer the clinical question about the effect of pacifier use
for healthy full-term newborns whose mothers have initiated breastfeeding and intend to exclusively breastfeed, on the duration of
breastfeeding. These two trials assessed the effects on breastfeeding of interventions aimed at reducing the use of pacifiers; they did not
assess the effect of pacifiers on breastfeeding. Mothers in the pacifier group used it in 71% of cases, while mothers in not pacifier group
used it in 44% of cases (overall rates). Contamination between two treatment arms points to no difference or inconclusive results. Your
conclusions of a null effect of pacifier on breastfeeding success based only on two studies with high contamination rate are therefore falsely
reassuring.
Major problems of the studies included in the review are insufficiently discussed. The larger of the two included studies (1021 infants out
of a total of 1302) [3], has exclusion and inclusion criteria so strict that the population observed is extremely selected, limiting the external
validity of the conclusions, which is not even mentioned. For example, participating hospitals had established breastfeeding programs,
with early initiation of breastfeeding, lactation consultants, and unrestricted rooming-in. Mothers were encouraged to avoid pacifier use
until breastfeeding was well established. At term healthy infants, exclusively breastfeeding, whose mothers reported an intention to
breastfeed for at least three months, not using pacifiers and with lactation well established at the age of 2 weeks were included. Exclusion
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criteria were breast problems that could interfere with breastfeeding (persistently sore nipples, mastitis, earlier breast surgery, and severely
flat or inverted nipples). Mothers who communicated a preference in the introduction or not of a pacifier were also excluded. Further
evidence that this study assessed an extremely selected population of women is the remarkably high rate of exclusive breastfeeding at
three months for both groups (> 85%), much higher than the rate of exclusive breastfeeding at three months commonly seen in Europe
(e.g. 47% in Italy in 2008, and in Sweden ranging between 68% at four months and 79% at two months in 2002) [6,7]. Finally the authors
of the study powered the sample to perform an analysis based on intention to treat, but as the trial was non-inferiority, the ‘according to
protocol’ analysis would have been more appropriate [8]. Unfortunately, as the authors admit, the study sample was not sufficiently large
to adequately perform this analysis.
The second RCT included in the review also suggests that the null effect of pacifier on breastfeeding could be a false conclusion [4]. As there
was a high contamination rate, results are presented based on actual exposure (observational analysis) in addition to the analysis based
on randomized groups. This observational analysis showed a significant difference between pacifier users and not users for weaning by 3
months (RR: 1.9; 95%CI: 1.1, 3.3). Although observational studies are not reliable for assessing the association between pacifier use and
breastfeeding practice, due to residual confounding and reverse causality, we think that RCTs with low compliance and high contamination,
as in this study, cannot provide a valuable answer, especially when no differences among groups are detected. None of these issues were
adequately discussed in this Cochrane review.
Finally, we believe that a potentially very relevant conflict of interest in one of the trials included [3] was not mentioned: the authors of
the study report as a funding source an association (the International Children Medical Research Association) whose characteristics are
unclear, since it is not possible to find any information on it in the web. The only other citation of this association we have traced is a letter
by Dr Peter PW Weiss to Pediatrics [9] criticizing a paper that reported a relationship between reduced pacifier use and reduced acute
otitis media incidence. Is he maybe the same Peter Weiss, consultant for a manufacturer of pacifiers, that appears in the acknowledgment
section of the trial report [3]? A Dr Peter Weiss is also the vice-president (the president is unknown) of the International Children Medical
Research Society, which is, maybe, another name of the International Children Medical Research Association, created in Switzerland by a
company founded by the same manufacturers of pacifiers. Should this be made clear to the readers of the Cochrane review?
Our view is that these issues raise questions about the validity of the conclusions of this Cochrane review. Considering that Cochrane
reviews represent a seal of quality among health professionals and the public, we think that it is responsibility of the Cochrane
Collaboration to scrutinize the evidence selection, its critical appraisal and the validity of the conclusions, specially for a hot topic relevant
for public health, as is the case for breastfeeding.
Simona Di Mario1, Adriano Cattaneo2, Vittorio Basevi1, Nicola Magrini1
1 NHS CeVEAS, NHS Centre for the Evaluation of the Effectiveness of Health Care, WHO Collaborating Centre for Evidence-based Research

Synthesis and Guideline Development in Reproductive Health, Emilia-Romagna, V. le L. Muratori 201, Modena, Italy, 41100
2 Unit for Health Services Research and International Health, WHO Collaborating Centre for Mother and Child Health, Institute of Child
Health, IRCCS Burlo Garofolo, Trieste, Italy
References
1. Jaafar SH, et al. Pacifier use versus no pacifier use in breastfeeding term infants for increasing duration of breastfeeding. Cochrane
Database Syst Rev. 2011 Mar 16;3:CD007202.
2. Kramer MS, et al; PROBIT Study Group (Promotion of Breastfeeding Intervention Trial). Promotion of Breastfeeding Intervention Trial
(PROBIT): a randomized trial in the Republic of Belarus. JAMA 2001;285:413-20.
3. Jenik AG, et al; Pacifier and Breastfeeding Trial Group. Does the recommendation to use a pacifier influence the prevalence of
breastfeeding? J Pediatr 2009;155:350-4.e1.
4. Kramer MS, et al. Pacifier use, early weaning, and cry/fuss behavior: a randomized controlled trial. JAMA 2001;286:322-6.
5. Howard CR, et al. Randomized clinical trial of pacifier use and bottle-feeding or cupfeeding and their effect on breastfeeding. Pediatrics
2003;111:511-8.
6. Cuoghi C, et al. Prevalence of breastfeeding in Emilia-Romagna Region in 2008. [Prevalenza dell'allattamento al seno in Emilia-Romagna.
Ricerca anno 2008] Fifth Edition. Bologna: Regione Emilia-Romagna; 2010 [Italian].
7. Statistics Health and Diseases. Breast-feeding, children born 2002. The National Board of Health and Welfare. Centre for epidemiology.
Stockholm 2004 [Swedish, English summary].
8. Gøtzsche PC. Lessons from and cautions about noninferiority and equivalence randomized trials. JAMA 2006;295:1172-4 9. Weiss PP,
Nowak AJ. Pacifier as a risk factor for acute otitis media. Pediatrics 2002;109:351-2.
Reply
We thank De Mario et al for their comments, and have responded in the order they made their comments.
We disagree that our review is ‘severely flawed and biased’. The protocol and review have been prepared according to Cochrane methods.
The study by Howard et al is excluded because the study population do not meet our inclusion criteria, as it included women who did
not intend to breastfeed. Also, the results for breastfeeding duration are presented as adjusted odds ratios and the primary data are not
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reported. Finally, our review did not have an outcome ‘breastfeeding at five weeks, as this is too short a duration to be clinically meaningful.
Whilst preparing this response we noticed that the text in ‘types of participants’ was not as explicit as the text in our objectives. We have
therefore modified ‘types of participants’ so that it matches the objectives.
We agree our review is about the effect of recommending restricted pacifier use. For clarification we have modified the title of the review,
and the background text. This clarification also means that contamination between the two intervention groups is no longer an issue. In
addition, we disagree that contamination could have been the reason for the null effect. If the high baseline rate of pacifier use had any
diluting effect on the final pooled results it would be very small, as the relative risks were consistently close to 1.00 with extremely tight
confidence intervals. This is now clarified in the discussion.
Di Mario, Cattaneo, Basevi and Magrini wrote: Major problems of the studies included in the review are insufficiently discussed. The larger of
the two included studies (1021 infants out of a total of 1302) [3] has exclusion and inclusion criteria so strict that the population observed is
extremely selected, limiting the external validity of the conclusions, which is not even mentioned. For example, participating hospitals had
established breastfeeding programs, with early initiation of breastfeeding, lactation consultants, and unrestricted rooming-in. Mothers
were encouraged to avoid pacifier use until breastfeeding was well established. At term healthy infants, exclusively breastfeeding, whose
mothers reported an intention to breastfeed for at least three months, not using pacifiers and with lactation well established at the age
of two weeks were included. Exclusion criteria were breast problems that could interfere with breastfeeding (persistently sore nipples,
mastitis, earlier breast surgery, and severely flat or inverted nipples). Mothers who communicated a preference in the introduction or not
of a pacifier were also excluded. Further evidence that this study assessed an extremely selected population of women is the remarkably
high rate of exclusive breastfeeding at three months for both groups (> 85%), much higher than the rate of exclusive breastfeeding at three
months commonly seen in Europe (e.g. 47% in Italy in 2008, and in Sweden ranging between 68% at four months and 79% at two months
in 2002) [6,7]. Finally the authors of the study powered the sample to perform an analysis based on intention to treat, but as the trial was
non-inferiority, the ‘according to protocol’ analysis would have been more appropriate [8]. Unfortunately, as the authors admit, the study
sample was not sufficiently large to adequately perform this analysis.
The report of Jenik 2009 does state this was a non-inferiority trial. Whilst an ‘according to protocol analysis’ might have been appropriate
for this trial, that is not relevant for this review as we specified we would use intention-to-treat analysis, which complies with Cochrane
methods. We have included a paragraph in the discussion about external validity of the included trials.
We agree that the high contamination between intervention groups in Kramer 2001 may have had a diluting effect, and have included this
in the discussion.
Jenik 2009 states that the sponsors had no role in any part of the study. However, the report does acknowledge helpful advice from Peter
Weiss. We agree this may be the same Peter Weiss who is the vice president of the funding body, as well as a consultant for a pacifier
company. We have now included this information in the Table of ‘Characteristics of Included Studies’.
Contributors
Jacqueline J Ho, Sharifah Halimah Jaafar, Shayesteh Jahanfar

Paulussen, 21 March 2012
Summary
There is a mistake in this review. In the table of characteristics of included studies, Kramer 2001 is stated to have 140 women in the
intervention group (avoid pacifiers), and 141 women in the control group (use a pacifier). Under incomplete data it states data were
available for 127 women in the intervention group (avoid pacifiers) and 131 in the control group (use a pacifier). In the data analysis, data
for this study from the intervention and control group are switched. It should be 44/131 for the use pacifier group (not 46/127) and 46/127
for the avoid pacifier group (not 44/131). This means that the total and risk ratio are also incorrect.
[Feedback received from Valérie Paulussen, 7 February 2012]
Reply
We thank Valérie Paulussen for pointing out this mistake, which we have now corrected in this update. The correction does not alter or
change the finding and conclusion of the review.
Contributors
Sharifah Halimah Jaafar
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Date

Event

Description

30 June 2016

New search has been performed

Search updated 30 June 2016 and one new study was identified
and excluded. We updated and rearranged the Background under the standard headings. We have also rearranged the 'Risk of
bias' assessment under standard headings. This resulted in a decision to move one study previously in our qualitative analysis,
to our quantitative analysis. We selected outcomes for inclusion
in a 'Summary of findings' table and included the 'Summary of
findings' table in this updated version of the review. We rewrote
the Plain language summary in a structured format. We also corrected a typographical error in our feedback to Di Mario et al.

30 June 2016

New citation required but conclusions
have not changed

For this update we identified one new trial report, which we excluded (Feldens 2013).

HISTORY
Protocol first published: Issue 3, 2008
Review first published: Issue 3, 2011

Date

Event

Description

1 May 2012

New citation required but conclusions
have not changed

Review updated and title changed from "Pacifier use versus no
pacifier use in breastfeeding term infants for increasing duration
of breastfeeding" to "Effect of restricted pacifier use on breastfeeding duration", as detailed in the authors' response to feedback - see Feedback 1.

1 May 2012

Feedback has been incorporated

Authors' response to feedback from Di Mario added (see Feedback 1); and feedback from Paulussen and authors' response
added (see Feedback 2).

14 March 2012

New search has been performed

Search updated. No new trial reports identified.

22 December 2011

Feedback has been incorporated

Comments from Simona Di Mario, Adriano Cattaneo, Vittorio Basevi and Nicola Magrini added - see Feedback.

CONTRIBUTIONS OF AUTHORS
Sharifah Halimah is the main author and guarantor for the review. She wrote the first draft of the protocol; provided a clinical and policy
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CORRESPONDENCE
3. No child had any chronic respiratory disease.

history against Haemophilus influenzae B.
6. Follow-up of the patients as regarding the treatment
course was not carried out in this study.

4. Sample collection of the cases was done following
admission to the hospital and initiation of the
investigation procedure. The first dose of empirical
antibiotic therapy was already administered.

LAHARI SAIKIA
Department of Microbiology,
Assam Medical College and Hospital, Dibrugarh, Assam, India.
lahari.saikia@gmail.com

5. We admit the limitation of missing immunization

decreased vertebral height. Intelligence Quotient on
Binet-Kamat test gave a score of 57, indicating mild
intellectual disability. Cytogenetic analysis by Giemsa
showed a normal karyotype (46, XX). The patient was
started on Quetiapine and recorded a reduction of more
than 50% in BPRS-C scores at 6 weeks on a dose of 50
mg, indicating significant response to therapy.

Rubinstein-Taybi Syndrome with
Psychosis
Rubinstein-Taybi syndrome is characterized by a broad
thumb and bulbous hallux, short stature, intellectual
disability and distinctive facial features [1]. It is a rare
neuro-developmental disorder with a reported prevalence
of 1 in 1,25,000 births [2]. Psychosis in RTS is highly
infrequent with only a few scattered case reports [3]. A
comprehensive literature search yielded only one case
report of non-affective psychosis [4].

The association of psychosis with Rubinstein-Taybi
syndrome is rare and only a handful of cases have been
reported in literature. A novel study from Japan
determined that variation in the promoter region of the
same CREB gene may modify gene expression and
contribute to schizophrenic psychosis [5]. The rare cooccurrence of psychosis in this syndrome thus opens up a
narrow window of opportunity to identify the common
genetic changes that result in this combined phenotypic
manifestation. This, in turn, may generate fresh insight
into the genetic markers of childhood psychosis.

A 15-year-old girl was admitted to our department
with spells of irritability and aggression for last 20 days.
These episodes were accompanied by abnormal behavior
like singing aloud and pacing. She appeared fearful, and
was clinging to her mother. Upon detailed evaluation,
there were no well- formed delusions and no clear-cut
affective component could be distinguished. Therefore, a
diagnosis of non-affective psychosis (Hallucinatory
psychosis; ICD F28) was made. Behavioral problems
were rated on the Brief Psychiatric Rating scale for
Children (BPRS-C) on admission and 6 weeks later on
follow-up.

Funding: None; Competing interest: None stated.
*JOEL PHILIP AND NM PATIL
Department of Psychiatry,
Jawaharlal Nehru Medical College,
Belagavi 590 010,
*drjoel911@gmail.com
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Clinical examination showed short stature, with a
height of 129 cm (below 50th percentile). The thumbs
were broad and flattened, as were the terminal phalanges
of the other digits. The great toes were short and bulbous.
There was microcephaly and typical facies, with a low
hairline, hypertelorism, bushy eyebrows, broad nose and
open mouth. Thoraco-lumbar scoliosis was noted.
Muscle tone was low globally. Multiple keloids were
present over the left scapular region and popliteal regions
of both knees. Findings were consistent with a diagnosis
of Rubinstein-Taybi syndrome.
Investigations revealed normocytic hypochromic
anemia. MRI spine showed thoraco-lumbar scoliosis and
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Abstract
AIM: Lymph node yield (LNY) is a valid marker of prognosis in oral cancer. Precise estimation of LNY in Indian patients with T3/T4 gingivobuccal
sulcus squamous cell carcinoma (GBS‑SCC) has not been well documented. Hence, the primary objective of the study was to determine the
LNY in patients with T3/T4 SCC of mandibular GBS, and the secondary objective was to study the association of LNY with clinicopathological
factors such as tumor thickness, histological differentiation, number of positive nodes, and extracapsular spread (ECS). MATERIALS AND
METHODS: Study patients comprised biopsy proven T3/T4 SCC of mandibular GBS that underwent unilateral surgery (composite or bite
composite resection with level I to level V‑neck dissection and pectoralis major flap reconstruction) at our center between January 2012 and
October 2014. Grossing of surgical specimens was done as per the guidelines established by the Royal College of Pathologists (December
2009). The data were analyzed using SPSS software (22nd version) and Chi‑square test. RESULTS: The surgical specimens of 106 patients
yielded 2329 lymph nodes with the mean LNY of 21.97 ± 5.57. Higher mean LNY of over 21 was significantly associated with ECS, number
of positive nodes, delay in surgery over 15 days, skin involvement by the tumor, and presence of oral potentially malignant disorders.
CONCLUSION: With the single surgeon, pathologist and same surgical procedure, the mean LNY in Indian patients with T3/T4 SCC of
mandibular GBS is 21.97 ± 5.57. Although clinicopathological factors affect the estimation of LNY, further studies are needed to validate
the findings of this study.
Key Words: Factors, gingivobuccal sulcus, lymph node yield, squamous cell carcinoma

Introduction
Gingivobuccal sulcus (GBS) is a major subsite for oral
squamous cell carcinoma (SCC) in the Indian subcontinent,
and these tumors are known to recur locoregionally the
following treatment.[1,2] Accurate pathological staging is a
critical factor in determining the prognosis in these patients.
Like SCC of any other oral subsite, lymph node metastasis
is a single most important independent prognostic factor
in patients with GBS‑SCC. [2] Apart from tumor node
metastasis (TNM) staging, recent studies have shown the
importance of other lymph node associated factors such as
the exact number of positive nodes, total number of harvested
nodes in the neck dissection, and the presence of extracapsular
spread (ECS) as determinants of prognosis in oral SCC.[3]
Lymph node ratio (LNR) has emerged not only as a marker
of prognosis[4,5] but as a reliable tool in determining the
extent of cancer spread, extent of clearance, and the need
for adjuvant therapy following surgery for cancers of the
stomach, esophagus, bladder, and colorectum, in addition to
head and neck cancer.[5‑10] The LNR has been successfully
validated as a strong predictor of survival in oral cancer.[4]
However, accurate estimation of LNR depends on the lymph
node yield (LNY) which has been shown to vary depending
on anatomical, surgical, and pathological factors.[4,5,11]
Although previous studies have thoroughly evaluated the
efficacy of LNR and LNY as prognostic markers in oral SCC,
there is a lack of uniformity in these studies with regard to
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specific oral subsite of SCC, TNM stage‑specific distribution
of cases, neck dissection procedure, and standardization
of harvesting lymph nodes from the neck dissection
specimens.[4,5,11,12] To date, there is a lack of specific data
regarding LNY and LNR in advanced GBS‑SCC.
Locally, advanced GBS‑SCC is the most common malignancy
at our center and bite composite resection with comprehensive
neck dissection, and pectoralis major myocutaneous flap
reconstruction has remained as a surgical procedure of choice
for this type of cancer due to the workload, nonavailability
of microvascular expertise, and socioeconomic reasons. Thus,
removal of sternocleidomastoid muscle to facilitate inset of
pectoralis major myocutaneous flap and clearance of level I
to level V cervical lymph nodes is commonly done at our
center for most of the node‑positive necks. This enables us to
assess the LNY in locally advanced GBS‑SCC. The primary
objective of this prospective study was to determine the LNY
in T3/T4 GBS‑SCC. The secondary objectives were to study
the association of LNY with age, tumor thickness, histological
differentiation, number of positive nodes, and ECS.
Materials and Methods
The ethical clearance was obtained, and the patients with
biopsy proven, T3/T4 SCC that have classical extension into
the mandibular GBS as defined by the previous studies[1,2] were
included. These patients were operated at our center between
January 2012 and October 2014 and had undergone en bloc
This is an open access article distributed under the terms of the Creative Commons
Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows others to remix,
tweak, and build upon the work non‑commercially, as long as the author is credited
and the new creations are licensed under the identical terms.
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composite or bite composite resection, modified comprehensive
neck dissection with clearance of level V to level I neck nodes
as per the decision of tumor board. The modifications in neck
dissection included preservation of the internal jugular vein
and/or spinal accessory nerve whenever it was oncologically
safe. The patients with recurrence, previous therapy, tuberculosis
or chronic inflammatory diseases of head and neck and those
with non‑SCC were excluded from the study.
The clinical details included were demographic characteristics,
clinical extent of the tumor, cTNM (AJCC 2009), findings in
the high‑resolution contrast computed tomography scan, and
comorbidities. The pathological details obtained were pT3 or
pT4 status, histological differentiation, gross tumor thickness,
skin infiltration by the tumor, total number of lymph nodes
harvested per specimen, and number of positive nodes and
nodes with ECS.
The surgical specimens were oriented by the operating surgeon,
and nodal levels were identified as defined by their anatomical
extent. Following dissection of each nodal level, suture ligatures
bearing labels marked with nonwashable ink were tied around
each dissected group of lymph nodes to demarcate the
individual levels. After completion of en bloc dissection, the
specimens were washed in flowing water to remove blood clots
and loose tissues. The individual levels were transected, and
the lymph nodes from each level were harvested by a senior
pathologist. These nodes were transferred to separate labeled
bottles denoting individual nodal level, completely immersed
in 10% of buffered formalin solution.
The grossing of the specimens was performed as per the
modified standard protocol established by the Royal College
of Pathologists, Standards and Datasets for reporting head
and neck cancers (December 2009).[13] The specimens were
sectioned after 48 h of fixation, and all the lymph nodes in
the specimens were processed. The lymph nodes >2 mm
in size were sectioned along the long axis and those
with <2 mm in size, transverse sections were made. Four µm
sections of all the lesional and lymph node sections were
stained by routine eosin and Hematoxylin and Eosin staining.
Methods of statistical analysis

The data were entered in Microsoft Excel sheet and analyzed
using IBM SPSS software (22nd version, IBM Corp., 2013.
Armonk, New York, USA). The difference in LNY in
different groups of clinicopathological variables was analyzed
using Chi‑square test. The P ≤ 0.05 was considered
statistically significant.
Results
The patient and surgical variables studied are mentioned
in Table 1. This study included 106 subjects with T3 and
T4 SCC of mandibular GBS. The mean age of the patients
was 51.95 + 11.72 years and ranged between 22 and
90 years. Overall, 76.41% of the patients were males and
23.58% were females. There were 64.15% (68 patients)
in T4a stage and 35.84% (38 patients) in T 3 stage, with
54.71% (58 patients) showing skin involvement. The mean
tumor size was 4.1 cm × 3.6 cm (14.8 cm 2). Overall,
2329 lymph nodes were harvested from 106 patients that
underwent unilateral neck dissections, and the mean LNY
240

Table 1: Patient and surgical variables
Variables

All patients
n=106, (%)

Age (years)
Range
Mean
Males
Females
Duration* (days)
<15
>15
Side of disease
Right
Left
Premalignant disorders
Absent
Oral submucous fibrosis
Leukoplakia
Erythroplakia
Neck dissection type
Modified neck dissection**
Radical neck dissection
Total positive nodes
SD
Mean
LNY
Mean
SD
Total
LNR
Mean
SD

22-90
51.95
81 (76.41)
25 (23.58)
51 (48.11)
55 (50.14)
59 (55.66)
47 (44.33)
32 (30.18)
50 (47.16)
16 (15.09)
8 (7.54)
87 (82.07)
19 (17.92)
306
29.8
2.89
21.94
5.57
2329
0.0-0.43
0.12
0.122

*Time between the patient’s first visit to the hospital and surgery;
**Preservation of spinal accessory nerve and/or internal jugular vein.
LNY=Lymph node yield; LNR=Lymph node ratio; SD=Standard deviation

was 21.97 ± 5.57. The percentage distribution of LNY at
various nodal levels in the neck is shown in Figure 1.
The pathological variables are shown in Table 2. The mean
tumor thickness was 1.2 cm and in 36.79% of the patients,
the tumor thickness ranged from 0.4 to 0.9 cm whereas in
63.20% of patients, the tumor thickness was over 1 cm.
ECS of the tumor in the lymph nodes was seen in 41.50%
of patients.
In 71.7% of patients, only level I nodes were positive; in
37.74% of patients, level I and level II nodes were positive;
in 29.25% of patients, level I, level II, and level III were
positive; in 16.98% of patients, all the nodal levels from
level I to level IV were positive; whereas, in 9.43% of
patients, all the nodal levels from level I to level V were
positive.
Overall in 106 patients, the total number of patients with
pN+ status was 70.75% (75 patients) whereas the number
of patients with pN0 status were 29.25% (31 patients). The
mean LNR was 0.12.
When Chi‑square test was used to see the association of
clinicopathological variables and LNY, ECS, number of
positive nodes, delay in surgical treatment for more than
Indian Journal of Cancer | April–June 2016 | Volume 53 | Issue 2
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Discussion
When the protocol for grossing the specimen proposed by
the Royal College of Pathologists[13] was followed, the mean
LNY in our patients was 21.94 (range 10–42). Whereas, as
per the Royal College of Pathologists,[13] in the absence of
previous chemotherapy, radiotherapy or neck dissection, and
radical neck dissection yields 20 lymph nodes (range 10–30)
on an average. The range of lymph nodes retrieved in our
study was comparable to that proposed by the Royal College
of Pathologists[13] although the surgical procedure in our
study, in the majority of cases, was modified neck dissection.

Figure 1: Percentage distribution of lymph nodes in the neck in 106 patients
with T3/T4 squamous cell carcinoma of the mandibular gingivobuccal
sulcus. Image modified with permission from Som PM, Curtin HD, Mancuso
AA. An imaging‑based classification for the cervical nodes designed as an
adjunct to recent clinically based nodal classifications. Arch Otolaryngol
Head Neck Surg. 1999 Apr; 125(4):388‑96

Table 2: Pathological variables and their
association with lymph node yield
Variables
Differentiation
Well
Moderate
Poor
Tumor thickness (cm)
0.4-0.9
1.0-1.9
>2.0
Pathological T stage (S)
pT3 cases
pT4 cases
Skin involvement (S)
Present
Absent
Extracapsular spread (S)
Present
Absent
Number of positive nodes (S)
None, pN0
1-4
>5
Delay in treatment (S)
1-15
16-30
OPMD* (S)
Absent (n=32)
OSF* (n=50)
Leukoplakia (n=16)
Leuko erythroplakia (n=8)

All patients
n=106 (%)

Mean LNY

SD

52 (49.05)
47 (44.33)
7 (6.60)

21.33
22.85
20.86

5.88
5.38
3.89

39 (36.79)
48 (45.28)
19 (17.92)

21.84
22.04
20.07

5.52
5.64
5.48

38 (35.84)
68 (64.15)

20.63*
22.72*

4.75
5.88

58 (54.71)
48 (45.28)

24.14**
19.35**

5.75
4.05

44 (41.50)
62 (58.49)

23.68**
20.76**

5.03
5.65

31 (29.24)
48 (45.28)
27 (25.47)

18.45***
23.02***
21.97***

4.38
6.00
5.57

51 (48.11)
55 (51.88)

18.94***
24.78***

3.76
5.52

32 (30.18)
50 (47.16)
16 (15.09)

17.44***
25.56***
18.56

2.74
5.05
3.42

8 (7.54)

24.50

2.97

*P<0.05; **P<0.01; ***P<0.001. OPMD=Oral potentially malignant disorders;
OSF=Oral submucous fibrosis; S=Significant; SD=Standard deviation; LNY=Lymph
node yield

15 days after diagnosis, skin involvement by the tumor, and
presence of oral potentially malignant disorder (OPMD)
were significant factors that contributed to higher LNY
[Tables 1 and 2].
Indian Journal of Cancer | April–June 2016 | Volume 53 | Issue 2

The role of pathologists, surgeons, pathology technicians,
method of handling the surgical specimen and the extent
of training of these specialists have shown to influence the
harvest of lymph nodes from the surgical specimens, thereby
affecting the overall LNY. [14‑16] The surgical technique
is yet another factor contributing to the variability of
LNY.[11,12] Thus, a wide variation exists in the reports on
the LNY and LNR in the current literature. However, in
our study, the lymph node dissection and their retrieval
from surgical specimens were done by the most experienced
single surgeon and single pathologist, to prevent the bias
in most of the studies. Despite specific consensus‑based
definitions of various neck dissection procedures in the
current literature,[17] there is still a possibility of variation
in the neck dissection fields by the surgeons, depending on
the individual judgment, expertise, and decision‑making.
Comparing the LNYs obtained by a uniform, standard neck
dissection procedure among different centers can help in
determining the factors responsible for varied reports.
Nevertheless, on multivariate analysis, a significant variation in
the rate of lymph node metastasis among Asian and non‑Asian
gastric carcinoma patients was found in a study,[18] the literature
is sparse with regard to the contribution of racial and ethnic
factors in the variability of cervical lymph node metastasis in
head and neck cancer. Furthermore, data on the reference range
of cervical lymph nodes, based on cadaveric studies, are derived
from the non‑Asian population,[11] and to date, the literature
is sparse with regard to the reference range of cervical lymph
node counts in Indian population. When compared to the
available western data on the cervical lymph node counts,[11,15]
we had slightly lower counts which could be attributed to
racial factors and possibly low body mass index (BMI) in
our patients, in view of their high alcohol consumption,
smoking, and tobacco chewing habits. The previous studies
have reported low BMI in oral cancers patients, which were
associated with alcohol consumption and tobacco use.[19,20]
The number of locally advanced GBS‑SCC patients with
pN0 status in our study was 29.2% which was lower than
that reported by Walvekar et al.[1] However, the mean LNY
increased significantly with the increase in the number of
positive nodes. The immunological response that has been
shown by the previous studies [21] could have contributed
to the overall increase in the LNY. The ECS of tumor in
the lymph nodes was associated with increase in the LNY.
Although the contribution of ECS in increasing the LNY
in head and neck cancer has not been clearly elucidated, the
association of ECS with increase in the number of positive
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nodes has been shown in patients with breast cancer following
axillary clearance, especially in large‑sized tumors. [22] The
presence of ECS in a lymph node can channelize the passage
of tumor cells into surrounding lymphatic vessels, thereby
increasing the number of positive nodes and overall LNY.
The delay in surgical treatment over 16 days to 30 days after
the diagnosis of oral SCC was associated with an increase in
the mean LNY compared to the patients that were treated
within 15 days of diagnosis. The possibility of disease
progression during the waiting period can be considered
as a leading cause of metastatic lymphadenopathy, although
it was not confirmed in this study by a second imaging to
document a definitive disease progression during waiting
period before surgery, as reported by Waaijer et al.[23]
The age, sex, and tumor differentiation were not significantly
associated with increase in the mean LNY as the distribution
of patients with respect to these factors was not uniform. In
addition to this, the lack of larger sample size was a drawback
of this study. We did not include the BMI as a parameter
that can contribute to the variability of LNY. The mean LNY
was slightly higher in patients with tumor thickness >1 cm,
the differences were not statistically significant, and the
mean LNY remained above 20 in both cases. However,
the involvement of skin by the infiltration of tumor and
patients with locally advanced SCC of lower GBS presenting
with orocutaneous fistula showed a higher LNY. Apart
from the locally advanced primary tumor, the inflammatory
response resulting from secondary infections in a chronic
nonhealing oral ulcer could have triggered the increased LNY.
Furthermore, the role of inflammatory response has been
shown by studies as key feature in the pathogenesis of oral
submucous fibrosis (OSF) that was seen in a majority of our
patients presenting with SCC of mandibular GBS.[24] This
condition is often associated with trismus, poor oral hygiene,
and multiple ulcerations in the oral mucosa. The mean LNY
in these patients was significantly higher than the patients
with SCC of mandibular GBS presenting without a clinical
evidence of OPMD. Thus, the role of inflammatory response
in oral tissues secondary to OSF and its associated conditions
leading to increased mean LNY cannot be ruled out.
Conclusion
In patients with locally advanced SCC of mandibular GBS,
the mean LNY was 21.94. The presence of ECS, positive
nodes for metastasis of SCC, delay in treatment of more
than 15 days following diagnosis of SCC, skin infiltration
by the tumor or presence of orocutaneous fistula and
association of OPMD, especially OSF were significant
factors that contributed to higher LNY. Further studies
with larger sample size, incorporating multivariate statistical
analysis, are required to validate the findings of this study.
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Letter to the Editor
Role of regional catheters for postoperative analgesia
following reconstructive surgeries for breast cancer
Sir,
Reconstructive work following breast onco surgeries is on
the rise as it provides oncological safer resections with
larger margins and immediate esthetic results. [1] These
surgeries include large donor areas from the abdomen.
Hence, postoperative pain management is challenging.[2] We
discuss two such representative cases which were successfully
managed with regional catheters.

and abdominal pannus, regional catheters can be planned
accordingly. With the knowledge of abdominal blocks and
relevant ultrasound anatomy, the choice can range from
subcostal TAP, standard TAP or a combination with RS
block.[3] With promising evidence emerging for the use of
regional catheters for laparotomies,[4] this technique should
be considered a safe, feasible opioid sparing technique for
pain relief following breast reconstructive surgeries with
abdominal donor sites.
Financial support and sponsorship

Nil.

A 30‑year‑old, American Society of Anesthesiologists‑I
(ASA‑I), female diagnosed with phyllodes tumor was
planned for radical mastectomy with deep inferior epigastric
perforator flap reconstruction. Intraoperatively, a 16‑gauge
tuohy needle was placed between internal oblique and
transverses abdominus muscle superolateral to the incision,
on either side, using a sterile ultrasound probe‑38x (13–6
MHz) linear array transducer with in plane needle technique.
The transversus abdominus plane (TAP) was confirmed with
hydrodissection and 16‑gauge multiorifice epidural catheter
was threaded around 5 cm in the plane. The patient received
15 cc of 0.25% bupivacaine on either side eight hourly basis
along with round the clock acetaminophen and diclofenac.
No rescue boluses of opioids were needed. Catheters were
removed on day 3. Average pain score at rest 1/10 (10‑worst
pain), at movement ‑ 2/10.
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A 58‑year‑old, ASA I female underwent radical mastectomy
for fungating growth in left breast extending from
infraclavicular region till infra‑mammary crease. The defect
was closed with a right vertical rectus abdominis muscle
flap. Under ultrasound guidance, a subcoastal TAP catheter
was placed on the right side and rectus sheath (RS) catheter
placed on the left side. At the end of surgery and every
eight hourly patient received 20 cc of 0.25% bupivacaine
through the RS catheter and 15 cc through the TAP
catheter along with oral acetaminophen and diclofenac. The
worst pain score recorded at movement was 3/10.

4.

Pain management after reconstructive surgeries is often
opioid‑based. Epidural analgesia causes steal phenomenon
and hypotension causing diversion of blood to normal
tissues away from the denervated flap. [2] In addition,
there are concerns with the concomitant administration of
antiplatelet and anticoagulant drugs. As the site of harvest
for the pedicle flap depends on the extent of resection
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ABSTRACT
Background and objectives: In the recent times, medico-legal cases are on the rise. This pa�ern is
of important for those who are concerned with their documentation. Hence the present study is
undertaken to know the pa�ern of medico-legal cases.
Methods: One year cross-sectional study was conducted at KLES’S DR. Prabhakar Kore Hospital &
MRC, Belgaum from and a total of 2120 cases were studied.
Results: Out of 2120 cases, RTA constituted the maximum of 68.8%. Maximum number of victims
(33.5%) was between 21-30 years and 75.2 % of victims were males. More than 50% of incidents
occurred in urban areas and the mortality rate was 9%. Occupants of motor cycle (59.8%) cases were
the highest number of victims involved in RTA. The agriculturists were the highest (43.1%) in number
among the victims and agrochemicals (67.0%) were the commonest type of poison. Maximum (69.5%)
cases of burns were due to dry heat and the most common cause of burns was flame (45.2%). Majority
of assault cases (71.0%) were by hard blunt weapon. Most common animal species involved in bites
were snakes (53.3%). Maximum number of mechanical asphyxia cases was due to hanging (52.4%).
Conclusion and interpretation: The results could be useful in interpreting the types and strategic
planning can be made accordingly for the benefit of the community.
Keyword: Medico-legal case; Road traffic accident; Burns; Poisoning; Assault; Bites and stings; Mechanical
asphyxia.

INTRODUCTION
Medico-legal case is a medical case with legal
implications or a legal case requiring medical
expertise.1
In recent days, medico-legal cases are on the rise.
This may be due to increased vehicular traffic density,
un-employment, high income disparities, substance
abuse, meager infrastructure facilities, insurance/
compensations, etc.2
Corresponding author:
Dr. Ajay Kumar T S
Assistant Professor
Sri Devaraj Urs Medical College, Kolar
E mail: ajaytsk@rediffmail.com

Pa�ern of Medico-legal cases is of importance
for those, who are directly or indirectly related with
Law and Order, who treat them and also who are
concerned with the etiology, manner of causation and
their documentation.2 If pa�ern of cases that present
to an emergency or elective setup is known, one can
get be�er acquainted with more types of medico-legal
cases and have be�er understanding for them. As a
result of which, a medical practitioner shall be more
comfortable in dealing with such cases.

METHODOLOGY
This cross-sectional study was carried out at
KLES’S Dr. Prabhakar Kore Hospital and MRC,
Belgaum from 1st January 2009 to 31st December 2009

Medico-legal Update,January-June- 2016, Vol.16, No. 1

comprising all cases which were registered at the
medico-legal register.
In this study, the information regarding the biodata of the victim like age, sex, domicile, time and
place of incident were gathered by interviewing the
patient or patient’s a�endants either in casualty or in
the wards of the hospital. The medico-legal records
were also referred for additional information.

cases of rural areas. Out of 192 cases that expired, RTA
constituted the maximum of 110 cases (57.3%). (Table
3, 4 & 5)
Table 1. Distribution of Medico-legal cases
according to type

The data obtained was recorded in the predesigned and pre-tested proforma, which comprised
relevant data and analyzed.

RESULTS
It was observed that RTA constituted the
maximum of 1459 (68.8%) cases followed by Poisoning
167 (07.9%) cases. The maximum 711 (33.5%) victims
were in the age group of 21-30 years and 1596 (75.2 %)
males outnumbered the females of 524 cases (24.8%).
(Table 1 & 2)
Of total 2120 cases, 610 (28.8%) occurred between
4.01pm – 08 pm. The majority of cases 1219 (57.5%)
were from urban areas when compared to 901 (42.5%)

Medico-legal
cases

Male

Female

Total (%)

RTA

1164

295

1459 (68.8%)

Poisoning

85

82

167 (07.9%)

Burns

52

43

95 (04.5%)

Assault

68

11

79 (03.7%)

Bites and
Stings

39

21

60 (02.8%)

Mechanical
Asphyxia

14

07

21 (01.0%)

*Others

174

65

239 (11.30%)

Total

1596
(75.2%)

524
(24.8%)

2120 (100%)

* The fall from height, fall of weight, bull gore
injury, suspected self-inflicted injuries, unusual
occurrences in a factory, criminal abortions were
included in others category.

Table 2. Distribution of Medico-legal cases according to age and sex
Age
(in years)

Male

Female

Total (%)

≤ 10

67

48

115(5.4%)

11-20

172

87

259 (12.2%)

21-30

548

163

711 (33.5%)

31-40

416

114

530 (25%)

41-50

209

69

278 (13.1%)

51-60

143

28

171 (8.1%)

>60

41

15

56 (2.7%)

Others

Mechanical
Asphyxia

Bites and
Stings

Assault

Burns

Poisoning

RTA

Table 3. Distribution of Medico-legal cases according to time of occurrence

Time of occurrence

167

Total (%)

6.01 am-12 pm

291

42

46

21

22

10

81

513 (24.2%)

12.01pm-4pm

305

43

21

13

07

03

94

486 (22.9%)

4.01 pm- 8 pm

458

37

21

22

22

04

46

610 (28.8%)

8.01 pm-6 am

405

45

07

23

09

04

18

511 (24.1%)

168
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Others

Mechanical
Asphyxia

Bites and
Stings

Assault

Burns

RTA

Domicile
Status

Poisoning

Table 4. Distribution of Medico-legal cases according to the Domicile pa�ern

Total
n (%)

Urban

934

55

42

21

22

14

131

1219 (57.5%)

Rural

525

112

53

58

38

07

108

901(42.5%)

Others

Mechanical
Asphyxia

Bites and
Stings

Assault

Burns

RTA

Outcome

Poisoning

Table 5. Distribution of Medico-legal cases according to the outcome

Total
n (%)

Recovered

1349

149

71

75

57

08

219

1928 (91.0%)

Expired

110

18

24

04

03

13

20

192 (09.0%)

Table 6. Distribution of RTA cases according to Age and Sex
Age

Male

Female

≤ 10

32

23

Total
n (%)
55 (03.8%)

11-20

118

35

153 (10.5%)

21-30

426

87

513 (35.2%)

31-40

297

65

362 (24.8%)

41-50

153

51

204 (14.0%)

51-60

109

25

134 (09.1%)

61-70

21

05

26 (01.8%)

71-80

08

04

12 (0.8%)

Table 7. Distribution of RTA cases according to educational status of the victims
Educational status

Total
Number

Percentage

Illiterate

265

18.2

Education upto 5th class

374

25.6

Education upto 8th class

312

21.4

Education upto 10 class

270

18.5

Intermediate

105

7.2

Graduate and above

118

8.1

Not applicable (<5 years )

15

01

1459

100

th

Total

169
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Table 8. Distribution of RTA cases according to type of the victims:

Driver

85

23

50

10

06

15

05

10

38

12

40

03

54

107

01

22

55

00

00

04

00

01

08

00

183
(12.5%)

59
(4.1%)

872
(59.8%)

236
(16.2%)

35
(2.4%)

Back Seater

Front Seater

Back Seater

117

Back Seater

594

Pillion rider

56

Rider

143

Pedestrian

Front Seater

AnimalDriven
Vehicle

Heavy Motor
Vehicle

Driver

Medium Motor
Vehicle

Front Seater

Pedal cyclist

Light Motor
Vehicle

Driver

Total

Female

Male

Sex

Motor
cyclist

62
(4.2%)

12
(0.8%)

Table 10.Distribution of Poisoning
according to type of poison consumed:
Poison Type
Agro chemicals

Table 9.Distribution of poisoning
according to occupation of the victims:
Occupation of Victims
Agriculturist
Laborer
Student
Employee in Service
Un-employed
Not applicable (<5 years)
Total

Total
Number
72
39
28
14
08
06
167

cases

Total
Number

Percentage

112

67.0

Bromodialone

08

04.8

Medicinal drugs

30

18.0

Phenolic compounds

06

03.6

Vegetable irritants

04

02.4

Kerosene

03

01.8

Heavy metal

02

01.2

Alcohol

02

01.2

cases

Percentage
43.1
23.3
16.8
8.4
4.8
3.6
100

Total – 95 Cases

170
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Table -11 Distribution of Burn cases according
to causative agent:
Causative agent

Total
Number

Percentage

Flame

43

45.2

Electricity

12

12.75

Chemicals

08

8.4

Hot objects

01

1.1

Lightning

03

3.1

Steam

01

1.1

Hot water

17

17.9

Hot milk

05

5.3

Hot oil

03

3.1

Molten metal

02

2.1

Table -14 Distribution of Asphyxia cases
according to Type:
Type

Table -12 Distribution of Assault cases according
to type of Weapon:
Type of Weapon

Total
Number

Percentage

Blunt

62

78.6

Sharp cu�ing

16

20.2

Firearms

01

1.2

Table -13 Distribution of Bites and Sting cases
according to Species:
Species

Total
Number

Percentage

Dog

09

15.0

Cat

02

3.3

Monkey

03

5.0

Bear

01

1.7

Snake

32

53.3

Scorpion

07

11.7

Honey Bee

03

5.0

Unknown

03

5.0

Total
Number

Percentage

Hanging

11

52.4

Strangulation

03

14.2

Suffocation

05

23.9

Drowning

02

9.5

Out of total 1459 (100%) RTA cases, 1164 (79.8%)
were males and 295 (20.2%) were females. Maximum
number of victims 513 (35.2%) were seen in the age
group of 21-30 years and more than 2/3rd of victims
were between 21-50 years. The maximum 374 (25.6%)
victims had education up to 5th class. The occupants
of motor cycle with 872 (59.8%) cases were involved
in RTA and the commonest cause of death was head
injury comprising 65 (59.1%) cases. (Table 6, 7, 8 &
Fig 1)
It was observed in 167 (100%) poisoning cases,
85 (50.9%) were males and 82 (49.1%) were females.
The maximum 71 (42.6%) cases belonged to Class V
socio economic status and the agriculturist 72 (43.1%)
were the highest in number among the victims and
commonly consumed was agrochemicals with 112
(67.0%) cases. (Table 9, 10 & Fig 2)
Out of 95 (100%) burn cases, 52 (54.7%) were
males. 81 (85.2%) victims had only superficial burns
and the common cause was due to flame with 43
(45.2%) cases. (Table 11 & Fig 3)
Among the 79 (100%) assault cases, 86.1% (68
cases) were males. The maximum 56 (71.0%) cases
were caused by hard blunt weapon and Head and
face, neck was the most commonly injured region
with 30 (38.0%) cases. (Table 12 & Fig 4)
In 60 (100%) bites and stings cases, 39 (65%) were
males and 21 (35%) were females. The snakes were
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the commonly involved species in 32 (53.3%) cases
and the lower limb were the most common body part
affected with 35 (58.2%) cases. (Table 13 & Fig 5)
Out of 21 asphyxial death cases, 14 (66.7%) were
males and 07 (33.3%) were females. The hanging 11
(52.4%) cases was the most common type of asphyxia.
(Table 14)

DISCUSSION
In the present study, RTA constituted the
maximum of 1459 (68.8%) cases. The maximum
number of victims 711 (33.5%) was in the age
group of 21-30 years. The males 1596 cases (75.2
%) outnumbered the females of 524 cases (24.8%).
Our result is consistent with the study conducted at
Mangalore. 2
The male dominance may be due to the
paternalistic nature of our society where males keep
themselves most of the time outdoors and lead a more
active life.
In a study conducted at Mangalore,2 the maximum
numbers 125 (26.8%) occurred between 6 am- 12 pm,
which is contrary to our study where the maximum
cases 610 (28.8%) occurred between 4.01pm – 08 pm.
The majority of victims 1219 (57.5%) were from
urban area and this could be due to the larger section
of population concentrated in urban areas due to
modernization and industrialization. This result is
supported by the study conducted in Nagpur. 3
In this study, the overall mortality rate was 9%.
This less mortality rate could be due to the study
which was conducted at a tertiary referral center.
It was observed in our study that people with
lower levels of education (up to 5th class) were
involved more in RTA with 374 (25.6%) cases. Similar
results were reported by others also.2, 4 However,
this relationship between education and road traffic
accidents may not be casual.
In our study, the occupants of motor cycle 872
(59.8%) cases were the highest number of victims
involved in RTA and our result is similar to the study
conducted at Nagpur3. The reason could be due
to higher speed, which can be achieved over short
distance and less stability of vehicle. However, the
studies conducted in Delhi5 and Pondicherry 4 showed
maximum numbers of victims were pedestrians.
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Out of 110 fatal cases of RTA, the commonest
cause of death was head injury comprising 65
(59.1%) cases followed by hemorrhagic shock 26
(23.6%). This result is similar to the study conducted
in Pondicherry 4, while a study conducted in Delhi
5
showed hemorrhagic shock as the most common
cause of death.
The present study along with many other studies,
gives the picture that it’s the youth between the ages
of 20-30 years with 50 (30%) cases who are more prone
for poisoning. In most of these youths, it is suicidal
intent rather than accidental.
Among the victims of poisoning, maximum
number 71 (42.6%) belonged to Class V status and
least numbers 02 (01.2%) cases in Class I. Similar
results were reported by Gupta et al8 and Prakash et
al. 9 The victims of low socioeconomic class are more
vulnerable as they may be under continuous financial
and stress during life.
In the present study, the agriculturist 72 (43.1%)
were the highest in number among the poisoning
victims. Similar views are shared by Bharadwaj et al
7
and Gupta et al8. However, the study conducted in
Bangalore, 6 revealed maximum numbers of victims
were laborers.
The poisoning by agrochemicals 112 (67.0%) were
seen in maximum numbers of victims and this result
is similar to study conducted in Gujurat 8 where as in
Harayana 7 it was found that aluminum phosphide
was most common type of poisoning.
The maximum victims 75 (67%) were due to
poisoning by Organophosphorus compounds, which
is also reported by Vanaja et al6 and Prakash et al9.
Out of 95 cases of burns, the most common cause
was due to flame with 43 (45.2%) cases and this could
be due to traditional household practice, lack of safety
system and the prevailing socio-cultural determinant.
Similar result have been reported from the study
conducted in Indore.10
Among 79 assault cases, 68 (86.1%) were males
and it is the fact that by nature male indulge in more
violent activities. The majority of 56 (71.0%) assault
cases were caused by hard blunt weapon and head,
face and neck was the most commonly injured region
in 30 (38.0%) cases. The head is the target of choice
involving blunt trauma when the intention is to kill.
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and Manual. 1 ed. New Delhi: Jaypee Medical
Publishers Pvt. Ltd; 2008.

These results are supported by the study conducted
in Mangalore. 2
With respect to bites and stings of 60 (100%)
cases, the snake bites 32 (53.3%) cases were the
most common. However, in the study conducted at
CHC, Himachal Pradesh, 11 wasp and bee bites were
common followed by snake bite. The most common
body part affected was the lower limb with 35 (58.2%)
cases. In this part of the study, the area being malnad
and agriculture is the main occupation, the laborers
and farmers are commonly exposed to the common
species, being snake.
In a study conducted at KMC, Manipal 12 hanging
was the most common type of asphyxia and is similar
to our study with 11 (52.4%) cases.
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of Indian Academy of Forensic Medicine 2005;
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SC. Pa�ern of poisoning cases admi�ed at a
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CONCLUSION
This study helps to interpret the types of medicolegal cases. The medico-legal cases are on the rise and
this cost a lot not only to the individuals affected and
their families but also to the nation. The incidence of
medico-legal cases must be reduced as it is involving
the most productive age group leading to substantial
socio-economic impact on the society.
The various preventive measures can be employed
to minimize the medico-legal cases like creating
awareness among public about safety measures, first
aid education and timely treatment.
This study will provide an insight to the policy
makers, law custodians and the community to look
into the specific aspects of the cases and to take
measures accordingly for the benefit of the community
and people at large.
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Abstract
Aims. Epithelial mesenchymal transition (EMT) is a crucial process for acquisition of malignant phenotype, aggressiveness, and
metastatic capacity in neoplasms. It is characterized by loss of epithelial markers and gain of mesenchymal markers. Studies
on EMT and its potential association with the histological grading are sparse in oral squamous cell carcinoma (OSCC). This
study aims to evaluate the expression of EMT-associated proteins—E-cadherin, β-catenin, and N-cadherin—in different
grades of OSCC. Methodology. In all, 60 cases of OSCC further subdivided into 20 cases each of well-, moderately, and
poorly differentiated OSCCs were stained immunohistochemically with E-cadherin, β-catenin, and N-cadherin antibodies.
The differences in the expression were evaluated using χ2 and Fisher exact tests, whereas Spearman’s correlation was used
to analyze the correlation between the markers. Results. A reduced E-cadherin expression noted in 40% of the OSCCs
was associated with reduced β-catenin expression in 66.6% of the cases and increase in the expression of mesenchymal
N-cadherin seen in 80% of cases. This expression pattern demonstrated a significant association with histological grades.
A membrane to cytoplasmic shift of E-cadherin (73.3%) and β-catenin (78.3%) increased with histological grade. A negative
correlation was observed with the E-cadherin and N-cadherin localization, though it did not reach statistical significance.
Conclusion. OSCC tissues had high levels of EMT phenotype as compared with the normal oral mucosa. This phenotype was
characterized by reduced E-cadherin and β-catenin expression and overexpression of N-cadherin. Aberrant localization of
the studied proteins was a hallmark for depicting EMT.
Keywords
E-cadherin, β-catenin, N-cadherin, epithelial mesenchymal transition, oral squamous cell carcinoma, immunohistochemistry

Introduction
The incidence of oral squamous cell carcinoma (OSCC) is
escalating globally.1 It is the third most common malignancy in south central Asia, with India depicting a continually rising tendency because of the rampant tobacco and
areca nut habits, leading to oral cancer being an important
reason for mortality. More than 80 000 new cases are diagnosed every year, with nearly three-fourth of the patients
presenting with advanced stage of the disease.1,2 Despite
extensive research undertaken on its pathogenesis and
management, the 5-year survival rate of these patients has
not improved and remains less than 50%.2 Oral cancers are
characterized by loss of cell-to-cell adhesion, allowing the
cells to invade into the adjacent tissues and ultimately
metastasize to the regional lymph nodes as well as distant
sites, resulting in poor prognosis. There is an urgent need

to identify molecular characteristics in a primary tumor
that can help predict more aggressive tumors.3
Epithelial mesenchymal transition (EMT) is a complex
and reversible biological process, wherein an epithelial
cell alters its polarity and adhesive ability to assume a
mesenchymal phenotype characterized by enhanced
migratory capacity, invasive potential, elevated resistance
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Table 1. Bryne’s Invasive Tumor Front Grading System.
Morphological
Feature
Degree of
keratinization
Nuclear
polymorphism
Number of mitoses
(high-power field)
Pattern of invasion

1

2

3

4

Highly keratinized
Moderately keratinized Minimal keratinization No keratinization (0%-5%)
(>50% of the cells)
(5%-20% of the cells)
(5%-20% of the cells)
Little nuclear
Moderately abundant
Abundant nuclear
Extreme nuclear polymorphism
polymorphism
nuclear polymorphism
polymorphism (25%- (0%-25% mature cells
(>75% mature cells) (50%-75% mature cells) 50% mature cells)
0-1
2-3
4-5
>5
Pushing, welldelineated
infiltrating borders
Marked

Infiltrating, solid cords,
bands, and/or strands

Small groups or cords Marked and widespread cellular
of infiltrating cells (n
dissociation in small groups of
> 15)
cells(n < 15) and/or in single cells
Slight
None

Host response
Moderate
(lymphoplasmacytic
infiltrate)
Malignancy score: 4-8 = Well differentiated, 9-12 = Moderately differentiated, 13-16 = Poorly differentiated

to apoptosis, and increased production of extracellular
matrix components. Thus, it provides the cancer cells the
ability to break through the basement membrane, invade
into the stroma, and ultimately metastasize.4,5 This was
first discovered by Elizabeth Hay in 1968 and subsequently has been seen to occur during development and
embryogenesis, tissue fibrosis, and carcinogenesis.4,6
EMT has been, thus, suggested to be a crucial process
involved in acquisition of malignant phenotype, aggressiveness, and metastatic capacity, being involved in the
initiation and progression of several cancers such as breast
cancer, prostate cancer, lung cancer, and colorectal cancers
as well as in head and neck squamous cell carcinoma.4,7
This underlines the importance of detection of this process
to improve clinical decision making, therapeutic strategies, and ultimately patient outcome.6-8 EMT has been
associated with loss of epithelial markers and gain of mesenchymal cell properties depicted by abnormal expression
of E-cadherin, β-catenin, and N-cadherin, which are considered to be prototypical markers for EMT.8
E-cadherin is a key cell adhesion molecule that binds to
its cytoplasmic adaptor protein β-catenin. This association
between E-cadherin and β-catenin makes them partners in
cell-cell adhesion as well as in signal transduction involving several functions, including polarity, growth, differentiation, and cell growth. In addition, β-catenin also serves
as a transcriptional cofactor in Wnt signaling.9,10 Any
alteration in E-cadherin or β-catenin can affect cell adhesion and contribute to tumorigenesis via EMT.11
Expression of inappropriate cadherins in epithelial cells
is yet another way in which tumor cells alter their adhesive
functions. Gain of N-cadherin, a nonepithelial cadherin usually found in mesenchymal cells and neural tissue is also
considered to be an important marker for EMT.12 Aberrant
expression of N-cadherin has been reported to be pro-onco-

genic and enhances tumor cell invasion and migration, leading to tumor progression in numerous epithelial cancers.11
Studies on EMT and its potential association with the
histological grading of this neoplasm are sparse in OSCC
and are predominantly concentrated on tongue squamous
cell carcinoma.13-15 The present study aims to evaluate the
expression of EMT-associated proteins E-cadherin,
β-catenin, and N-cadherin in different grades of OSCC.

Material and Methods
Tissue Material
A total of 60 formalin-fixed paraffin-embedded tissue blocks
of clinically and histologically diagnosed cases of OSCC
were included in the study. Normal oral mucosa (10 tissue
blocks) obtained from gingiva and vestibular mucosa after
extraction of impacted teeth were used as controls. The diagnoses were confirmed by 2 oral pathologists using hematoxylin and eosin–stained sections. They were further subdivided
histopathologically into well (WDSCC), moderately
(MDSCC), and poorly (PDSCC) differentiated squamous cell
carcinomas based on Bryne invasive front grading (Table
1).16 The cases and controls were stained immunohistochemically with E-cadherin, β-catenin, and N-cadherin antibodies.

Immunohistochemistry
Paraffin-embedded tissue blocks were cut into 4- to 5-µm
thick pieces and taken onto 2%, 3-aminopropylethoxysilane
solution (APES; Sigma Aldrich, St Louis, MO) adhesivecoated slides. The sections were then deparaffinized and
rehydrated through xylene and descending grades of alcohol. Antigen retrieval was done using a commercial microwave antigen retrieval system where the sections were
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placed in a container containing 10 mM sodium citrate buffer (pH = 6.0) at 96°C for 3 cycles of 6 minutes each
(EZ-Retriever System, Biogenex Life Sciences, San Ramon,
CA) for E-cadherin, 4 cycles of 6 minutes each for β-catenin,
and 5 cycles of 6 minutes each for N-cadherin. After rinsing
in phosphate-buffered saline, the sections were treated with
peroxidase block consisting of 3% H2O2 in water for 15
minutes to block the endogenous peroxidase activity. This
was followed by a power block for 20 minutes to block any
nonspecific antigenic sites. The sections were then incubated at room temperature with optimally prediluted antibody against E-cadherin (Biogenex, USA: Clone 36) for 45
minutes, β-catenin (Biogenex, USA: Clone E-247) for 60
minutes, and N-cadherin (Biogenex, USA: Clone
EPR1792Y) for 90 minutes. After washing with phosphatebuffered saline, the sections were then incubated with OneStep Polymer-HRP reagent for 30 minutes. Visualization
was performed using freshly prepared DAB (di-amino benzadine tetrahydrochloride).The slides were counterstained
with Harris hematoxylin, subsequent to which sections were
dehydrated, cleared, and mounted with Di-butyl Pthalate
Xylene (DPX). Control slides were run concurrently with
the study specimens. Normal epithelium served as a positive
control for E-cadherin and β-catenin, whereas the fibroblasts known to be reactive to N-cadherin were used as the
internal positive controls.

Immunohistochemical Analysis
Immunostained slides were examined to identify the cell types
(epithelial cells or mesenchymal) expressing the studied antibodies. Only epithelial expression was analyzed for all the
parameters at the invasive front of all the tumors. The percentage of immunopositive cells was scored as follows: 0 = No
positive cells; 1 = 1%-25% cells; 2 = 25%-50% cells; and 3 =
>50% positive cells. Furthermore, scores 0, 1, and 2, which
suggested <50% expression, were considered as reduced
expression for E-cadherin and β-catenin, whereas expression
>50% (score 3) was graded as preserved expression.17 For
N-cadherin, positive expression regardless of the score was
considered positive because it is rarely expressed in epithelial
cancers.18 The localization of the stain was recorded as 0 = No
positivity; 1 = Membrane; 2 = Cytoplasmic; 3 = Membrane
and cytoplasmic; and 4 = Nuclear positivity. Furthermore, the
intensity of immunoexpression was scored as 0 = No stain; 1
= Mild stain; and 2 = Intense stain.19 All hematoxylin/eosin
and immunohistochemical-stained sections were evaluated by
2 observers to eliminate interobserver bias, and any disagreements were resolved at a Penta Head microscope.

Statistical Analyses
The differences in the expression of E-cadherin,
β-catenin, and N-cadherin were evaluated using χ2 and

Fisher exact tests. Spearman’s correlation was applied to
analyze the correlation between the studied markers. P
values less than .05 were considered to be statistically
significant.

Results
Percentage of Positivity
E-cadherin was positive in all the control normal mucosa
cases as well as in OSCCs (100%). The E-cadherin expression was well preserved (ie, >50% positivity) in normal
mucosa, whereas reduced expression (scores 1and 2,
<50%) was observed in 40% of OSCCs. Furthermore,
reduced E-cadherin expression was associated with increasing histological grade—that is, WDSCC (5%) to MDSCC
(10%), and PDSCC (20%; P = .01). β-Catenin exhibited
83.3% positivity in OSCCs, out of which 66.6% showed
reduced β-catenin expression, and 4 (6.7%) cases were
negative as compared with the well-preserved expression
observed in the normal mucosa (100%; P = .0001). The
reduction in β-catenin expression was associated with poor
histological grade, with 75% (15/20) of PDSCCs showing
<50% positivity. None of the normal epithelium demonstrated positivity for N-cadherin, though the connective tissue showed varying degrees of expression and 80% of
OSCCs demonstrated N-cadherin expression (Table 2). No
significant association was noted with the histological
grades; however, enhanced expression was noted in
WDSCCs and MDSCCs as compared with PDSCCs. A significant positive correlation was observed for the reduced
expression of E-cadherin and β-catenin (Spearman correlation coefficient = −0.418; P = .001) in OSCCs (Table 2;
Figures 1-3). Although E-cadherin and N-cadherin expression showed a positive correlation (Spearman correlation
coefficient = −0.123; P = .351) in OSCCs, it did not reach
statistical significance (Table 3).

Location
E-cadherin was prominently localized in the membrane in
the normal epithelium (100%), whereas a shift to cytoplasmic location along with membrane (score 3) was observed
in 73.3% of OSCCs (P < .001). The cytoplasmic shift was
significantly associated with histological grade in all the
cases of MDSCC and PDSCC, demonstrating this altered
localization (P < .001). A predominant membrane localization was observed for β-catenin also in the normal epithelium (100%); however, 81.6% of cases showed a cytoplasmic
shift (score 2 and 3) in OSCCs (P = .023). Nuclear expression was also noted in 1 case of MDSCC and PDSCC each.
The change from membranous to cytoplasmic and nuclear
expression was increasingly associated with poor histological grade (P = .426). N-cadherin expression was localized to
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Table 2. Percentage of Positivity of Immunoexpression for E-Cadherin, β-Catenin, and N-Cadherin in Various Study Groups.a
Study
Group
NOM
OSCC
WDSCC
MDSCC
PDSCC

β-Catenin

E-Cadherin
Cases
10
60
20
20
20

0
0
0
0
0
0

1
0
3
0
0
3

2
1
21
3
6
12

3

P Value

9
36
17
14
5

.18
.001b

0
0
4
0
2
2

1
0
20
5
5
10

2
0
20
7
8
5

3
10
16
8
5
3

N-Cadherin
P Value
b

.0001
.270

0

1

2

3

P Value

10
12
4
4
4

0
13
3
2
8

0
11
7
2
2

0
24
6
12
6

<.001b
.089

Abbreviations: NOM, normal oral mucosa; OSCC, oral squamous cell carcinoma; WDSCC, well-differentiated squamous cell carcinoma; MDSCC,
moderately differentiated squamous cell carcinoma; PDSCC, poorly differentiated squamous cell carcinoma.
a
0 = No positive cells; 1 = 1%-25% Positive cells; 2 = 25%-50% Positive cells; and 3 = >50% Positive cells.
b
P < .05, significant.

Figure 1. Depicts the hematoxylin and eosin–stained (A) and immunohistochemical expression (B, C, D) of studied antibodies in
well-differentiated squamous cell carcinoma. B. Intense membrane and cytoplasmic E-cadherin immunoexpression in well-differentiated
squamous cell carcinoma. Mild membranous expression of β-catenin (C) and N-cadherin (D) observed in the tumor cells.

the cytoplasm and membrane (score 3) in OSCCs (80%)
regardless of the histological grade (Table 4; Figures 1-3). A
negative correlation was observed with the E-cadherin and
N-cadherin localization (−0.019), whereas a positive correlation was seen on comparing E-cadherin and β-catenin
localization (0.088) in OSCCs (Table 3), though they did
not reach statistical significance.

Staining Intensity
A predominant intense E-cadherin expression extending
up to two-third of the layers was observed in normal epithelium, and 90% of OSCCs depicted intense staining.

PDSCCs showed significantly reduced staining intensity
as compared with WDSCCs and MDSCCs (P = .02).
β-Catenin showed an intense expression in the normal
epithelium (90%), whereas a reduced staining intensity
(score 1) was seen in 50% of OSCCs (n = 30), and 4 cases
were negative for its expression (P = .023). A progressive
reduction in staining intensity with increased histological
grade was also observed but did not reach statistical significance. N-cadherin stained intensely in 51.6% of
OSCCs and did not show much variation in relation to the
histological grade, with about half of the cases showing
reduced or negative expression (score 0, 1), whereas
around 51.6% showed intense expression (Table 5;
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Figure 2. Shows hematoxylin and eosin–stained moderately differentiated squamous cell carcinoma (A). Tumor cells exhibited
intense membranous E-cadherin expression (B) as well as mild expression of β-catenin (C) and N-cadherin (D).

Figure 3. Depicts the hematoxylin and eosin–stained (A) and immunohistochemical expression (B, C, D) of studied antibodies
in poorly differentiated squamous cell carcinoma; mild membrane and cytoplasmic E-cadherin (B), β-catenin (C), and N-cadherin
immunoexpression can be observed in the tumor cells.

Figures 1-3). A significant positive correlation between
E-cadherin and N-cadherin with respect to staining intensity (r = 0.310; P = .010) was noted, whereas a negative

correlation was observed between E-cadherin and
β-catenin (r = −0.206; P = .114), but this did not reach
statistical significance (Table 3).
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Table 3. Spearman’s Correlation for the
Immunohistochemical Variables Between E-Cadherin, βCatenin, and N-Cadherin in Oral Squamous Cell Carcinoma.
Study
Variable
Percentage
of positivity
Location
Intensity

E-Cadherin With
β-Catenin

E-Cadherin With
N-Cadherin

0.418 (P = .001)a

0.123 (P = .351)

0.088 (P = .803)
−0.206 (P = .114)

−0.019 (P = .886)
0.310 (P = .016)a

a

P < .05, significant.

Discussion
The present study evaluated the expression of EMT-related
proteins—that is, E-cadherin, β-catenin, and N-cadherin—
in OSCC cases. EMT has been considered to be a critical
mechanism responsible for acquisition of mesenchymal
properties by the epithelial cancer cells.4,5 Several pathways—that is, Transforming Growth Factor (TGF)-β, Wnt
signaling, Hedgehog, and Integrin signaling—can induce
the EMT program by primarily affecting E-cadherin
expression with consequent effects on the β-catenin and
N-cadherin levels.11,20
First, we have demonstrated that OSCC tissues had high
levels of EMT phenotype as compared with the normal oral
mucosa. This phenotype is characterized by reduced
E-cadherin and β-catenin expression and overexpression of
N-cadherin. A reduced E-cadherin expression noted in 40%
of the OSCC cases has been previously reported by several
authors and has been associated with reduced cell adhesion
and increased invasiveness.21,22 This loss of E-cadherin may
be attributed to the destabilization of the protein resulting
from the loss of binding of the β-catenins,21 which is plausible
because 66.6% of the cases demonstrated reduced β-catenin
expression. Furthermore, this reduced E-cadherin expression
was associated with a concomitant increase in the expression
of mesenchymal cadherin—that is, N-cadherin—seen in 80%
of cases. The positivity rate was significantly higher than that
reported in breast carcinomas (45%), gastric carcinomas
(21.2%), lung carcinomas (59.3%), and OSCC (37%),23-26
which highlights the important role of this protein in oral carcinogenesis. An important point to note is that no N-cadherin
expression was evident in normal tissues. This gain of
N-cadherin (de novo or neoexpression) may alter the adhesive function as a result of downregulation of E-cadherin or it
may have a direct and dominant influence on the phenotype
of epithelial cells despite their continued expression of
E-cadherin.23 N-cadherin expression in breast epithelial cells
is known to produce more motile and more invasive cells on
in vitro assays, and these cells tend to be more metastatic and
aggressive in vivo.27 N-cadherin expression downregulates
E-cadherin expression, a phenomenon known as cadherin
switching, resulting in a stroma-oriented adhesion profile,
with increased motility and invasiveness.23,24,27,28 Furthermore,

N-cadherin interacts with the Fibroblast Growth Factor
Receptor (FGFR) family, inducing a promigratory and invasive signaling cascade. This induction of N-cadherin, whereby
the tumor cells are released from E-cadherin–dependent cellcell adhesions and acquire a motile phenotype is thought to
reflect an EMT.28
Furthermore, the E-cadherin and β-catenin expression
showed a progressive reduction from WDSCC to MDSCC
to PDSCC. This is in accordance with studies by Freitas
et al,21 Baguti et al,29 and Laxmidevi et al,30 who also
reported this reduced expression with poor histological differentiation, which has been correlated with lymph node
metastasis, higher stage, and more invasive carcinoma.21
They suggested that this finding correlates with reduced
intercellular adhesion, predisposing to loss of epithelial differentiation accompanied by increased motility and invasiveness of the cancer cells.21,30 N-cadherin showed an
increased expression observed from WDSCCs to MDSCCs,
whereas it reduced in PDSCCs. A previous study has shown
a progressive increase in N-cadherin with higher histological grade in prostate cancer,31 whereas in our study, no such
association was noted, similar to reports in gastric cancer.24
The other important aspect of EMT is the aberrant localization of the studied proteins. A prominent shift from membrane
to cytoplasmic expression was observed in E-cadherin expression (73.3%). The adhesive function of E-cadherin critically
depends on the association with the cytoplasmic adaptor protein β-catenin that links the terminal tail of E-cadherin to the
actin cytoskeleton. Loss of this complex predisposes to the
cytoplasmic shift, leading to reduced cell adhesion. This cytoplasmic shift has been correlated previously with increased
histological grade, stage, lymph node metastasis, and invasive
carcinoma.9,10 A concomitant increase in cytoplasmic levels of
β-catenin was noted in 78.3% of cases, which suggests stabilization of the protein by inactivation of GSK3β. This free cytoplasmic β-catenin associates with T-cell Factor/Lymphoid
Enhancer Factor (TCF/LEF) family of transcription factors to
translocate to the nucleus, resulting in the activation of the
Wnt signaling as well as decreased adhesion caused by loss of
link with E-cadherin, thus, contributing to the aggressiveness
of the neoplastic cells.29,30 Nuclear expression was also noted
in 2 cases—1 each of MDSCC and PDSCC. The cellular
localization of β-catenin is an important indirect indicator of
its oncogenic activity because the loss of cell membrane
expression along with loss of E-cadherin expression is related
to loss of adhesiveness and invasive phenotype, whereas cytoplasmic expression suggests activation of Wnt signaling pathway followed by activation of genes involved in cell
proliferation.10 This reduced membranous expression and
cytoplasmic shift in both E-cadherin and β-catenin was associated with increased histological grade similar to previous
reports.30,32 N-cadherin showed simultaneous membrane and
cytoplasmic expression uniformly in all the grades of OSCC
similar to previous reports in gastric cancer, oral cancer, and
other cancers.23,24,25,27 A significant negative correlation was
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Table 4. Demonstrates the Location of E-Cadherin, β-Catenin, and N-Cadherin in Various Study Groups (χ2 and Fisher Exact
Test).a
Study
Group
NOM
OSCC
WDSCC
MDSCC
PDSCC

β-Catenin

E-Cadherin

N-Cadherin

Cases

0

1

2

3

4

P Value

0

1

2

3

4

P Value

0

1

2

3

4

P Value

10
60
20
20
20

0
0
0
0
0

10
16
16
0
0

0
0
0
0
0

0
44
4
20
20

0
0
0
0
0

<.001b

0
4
0
2
2

10
5
3
1
1

0
2
0
2
0

0
47
17
14
16

0
2
0
1
1

<.001b

10
12
4
4
4

0
0
0
0
0

0
0
0
0
0

0
48
16
16
16

0
0
0
0
0

<.001b

<.001b

.426

1.000

Abbreviations: NOM, normal oral mucosa; OSCC, oral squamous cell carcinoma; WDSCC, well-differentiated squamous cell carcinoma; MDSCC,
moderately differentiated squamous cell carcinoma; PDSCC, poorly differentiated squamous cell carcinoma.
a
0 = No positivity; 1 = Membrane; 2 = Cytoplasmic; 3 = Membrane and cytoplasmic expression; and 4 = Nuclear positivity.
b
P < .05, significant.

Table 5. Comparison of E-Cadherin, β-Catenin, and N-Cadherin Staining Intensity in the Study Groups (χ2 and Fisher Exact Test).a
Study
Groups
NOM
OSCC
WDSCC
MDSCC
PDSCC

β-Catenin

E-Cadherin
Cases
10
60
20
20
20

0
0
0
0
0
0

1
3
6
1
0
5

2
7
54
19
20
15

P Value
.080
.02b

0
0
4
0
2
2

1
1
30
9
9
12

2
9
26
11
9
6

N-Cadherin
P Value
b

.023
.35

0

1

2

P Value

10
12
4
4
4

0
17
6
3
8

0
31
10
13
8

<.001b
.483

Abbreviations: NOM, normal oral mucosa; OSCC, oral squamous cell carcinoma; WDSCC, well-differentiated squamous cell carcinoma; MDSCC,
moderately differentiated squamous cell carcinoma; PDSCC, poorly differentiated squamous cell carcinoma.
a
0 = No stain; 1 = Mild stain; 2 = Intense stain.
b
P < .05, significant.

observed with the E-cadherin and N-cadherin localization
(−0.019), suggesting that E-cadherin in membrane is shifting
to cytoplasm and is being replaced by the N-cadherin, predisposing to EMT.
E-cadherin and β-catenin exhibited an intense expression in normal oral mucosa as compared with OSCC. The
progressive reduction in the staining intensity of both
E-cadherin and β-catenin observed in our study is similar
to the findings of Hung et al32 and Laxmidevi et al.30 This
could be attributed to increased β-catenin degradation
resulting in poor binding to E-cadherin in poor histological grades, accounting for the variations in the intensity.30
N-cadherin showed intense expression in 51.6% of
OSCCs and was completely negative in normal oral
mucosa. This is an important marker suggesting the existence of EMT in OSCCs because no expression was seen
in normal oral mucosa specimens.
The study does have limitations, which include lack of
correlation with prognostic information such as survival
and recurrence because of the nonavailability of these data.
However, use of these markers to substantiate the histopathological grading can aid in defining the aggressive
potential. Additionally, because EMT is a phenomenon

more commonly associated with the invasive front, use of
Bryne’s criteria is valid for this purpose.

Conclusion
This study substantiates the existence of the EMT phenomenon in OSCCs and the possibility of supplementing
these specific markers for grading of OSCCs to define the
aggressive potential of these neoplasms. EMT was associated with reduced E-cadherin and β-catenin positivity and
concomitant increased N-cadherin expression in OSCCs,
which was associated with histological differentiation.
Furthermore, a prominent cytoplasmic shift in localization
of E-cadherin and β-catenin from the normal membranous
location and aberrant expression of N-cadherin was also
noted. These markers may have significant impact in
developing targeted therapy of OSCCs and require larger
prospective studies with clinicopathological variables to
further validate the findings of our study.
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a b s t r a c t
Objective: This article summarizes overview of cytokeratins in relation to fetal and adult epithelium along
with their functional signiﬁcance and characteristic expression patterns in tumors of head and neck.
Methods: We systematically reviewed all papers that were published in English using MEDLINE and the
MeSH term “cytokeratins”.
Discussion: Cytokeratins consist of 20 biochemically and antigentically different polypeptides having
molecular weights ranging from 40 kDa to 67 kDa with an isoelectric pH of 4.9–7.8. They are expressed
in highly speciﬁc patterns related to the epithelial type and stage of cellular differentiation. Moreover
with the emerging trend of immunohistochemistry technique, tumor diagnosis and characterization in
surgical pathology have been emphasized by studying cytokeratin proﬁle.
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1. Introduction
Cell is the smallest structural and functional unit of life. The
organelles in each and every cell appear to be organized in a similar way. So something in the cell is holding these organelles in
their places and is directing other organelles to follow deﬁned
routes and is also maintaining the cell shape and architecture. This
something is the cytoskeleton structure of cell, made up of intracellular ﬁlamentous proteins, which include microﬁlaments (6–8 nm),
intermediate ﬁlaments (10 nm) and microtubules (25 nm). Intermediate ﬁlament (IF) forms the major part and is relatively stable
component of cytoskeleton. In humans, 50 different IF genes are
expressed in different cells of the body.
Cytokeratins (K) are proteins of intermediate ﬁlaments found in
the intracytoplasmic cytoskeleton and is responsible for the structural integrity of epithelial tissue. A major role of these proteins is to
act as a resilient yet adaptable arrangement that empowers epithelial cells with the ability to sustain mechanical and non-mechanical
stresses [1]. Certain general principles of keratin gene expression
have been established; of which, the most striking is that at least
one member of each family is always co-expressed in any given
epithelial tissue. Identiﬁcation and discovery of these cytokeratins
and expression proﬁle of Keratin genes was started not only at adult
mucosa but also at different stages of epithelial cell development
during embryogenesis so as to know the precise function of the
molecule [2,3].
Cytokeratins consist of 20 biochemically and antigentically different polypeptides having molecular weights ranging from 40 kDa
to 67 kDa with an isoelectric pH of 4.9–7.8. These proteins have
been broadly divided into two subfamilies which are recognized by
basic proteins (52–67 kDa) numbered 1–8 and smaller (40–56 kDa),
more acidic proteins numbered 9–20. The expression patterns in
cells are highly conserved and any change in the intermediate ﬁlament expression pattern will reﬂect substantial changes in cellular
proteins between different cells and as an indication of the origin in
various tumors [4]. Recently, emphasis has been made to study the
cytokeratin proﬁle by immunohistochemistry technique for tumor
diagnosis and characterization in surgical pathology.
Nevertheless, the mutation of tumor cells is directly associated
with tissue speciﬁc fragility disorder and various proteins have
been put into the sea of discovery of this mutation. However, cytokeratins are important markers for the identiﬁcation for the tissue
speciﬁc differentiation. It has been established that the primary
tumor cells and the metastatic tumor cells share the identical pattern of cytokeratin expression, thereby facilitating to differentiate
between dissimilar tumors [5]. Hence, the aim of the present paper
is to highlight the molecule cytokeratin which is the most integrated and the most important molecule in focus of epithelial cells.

term “CYTOKERATIN” was coined by Franke et al. in 1978. The
ﬁrst attempt at providing a comprehensive keratin nomenclature
dates back to 1982. Moll et al. used 2D isoelectric focusing and
SDS-PAGE to map the keratin proﬁles of a large number of normal human epithelia, tumors, and cultured cells [8]. In 2006, a new
systematic nomenclature for keratins was created and now the proteins previously called “cytokeratins” are simply called keratins.
This nomenclature is in accordance with nomenclature of Human
Genome Organization (HUGO) for both gene and protein names [5].
3. Structure
Keratins have a highly homologous, central helical rod domain
ﬂanked by variably sized amino and carboxyl terminal domains.
DNAs of members of subfamily cross hybridize with one another.
The central rod domain of one keratin monomer bonds with
another keratin monomer and forms a coiled coil dimer. This dimer
associates with another dimer to form a tetramer. Many tetramers
join to form the ﬁnal intermediate ﬁlament of size around 10 nm.
The keratin forms a heterodimers, the ﬁlament being constructed
from a protein pair which consists of a type I and a type II keratin.
Intermediate ﬁlament proteins are characterized by a highly variable central alpha-helical rich rod-shaped domain and non-helical
N and C terminal globular domains at either end. Non-helical tail
domain is typical for all keratins except for K19 [2].
4. Types and pairing of keratins
Keratins (Ks) can be divided based on distribution, amino acid
sequence and charge and based on molecular weight (Fig. 1).
4.1. Based on molecular weight
The molecular weight of cytokeratins ranges from 40 kDa to
67 kDa, and based on this they are divided into low, intermediate, and high molecular weight keratins. Generally low molecular
weight pairings are seen in simple epithelia, the higher molecular

2. Discovery of cytokeratins
Historically, keratin research was started in regard to the studies of sheep hair (wool) keratins [6]. The term “cytokeratin”
began to be used in the late 1970s when the protein subunits of
keratin intermediate ﬁlaments inside cells were ﬁrst being identiﬁed and characterized. Steinert et al. in 1976 found spontaneous
self-assembly and polymerization, by dialysis in vitro of keratin
ﬁlaments from denatured, soluble keratin proteins [7]. Later the

Fig. 1. Diagrammatic representation of types of keratins based on molecular weight,
distribution and amino acid sequence and charge.
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weight parings are present in stratiﬁed non-keratinizing epithelia
and the highest molecular weight keratins are found in skin and
corneal epithelium.
4.2. Based on distribution
Two types are noted, called as soft and hard keratins. Soft keratins are epithelial cytokeratins, which are expressed in various
types of epithelia and are 20 in number, while hard keratins are
constituents of hard keratinizing structures such as hair and nails
[9].
4.3. Based on amino acid sequence
Type I and type II keratins are seen. Type I or acidic keratins are
numbered 9–20 and type II or basic are numbered 1–8. It is based
on the isoelectric pH which is the point at which protein does not
migrate in an electric ﬁeld and has got least migrating power.
4.4. Differences between type I and type II keratins
The major difference between type I and type II K is the molecular weight and isoelectric pH. Cytokeratin 1 (K1) has the highest
molecular weight and the highest isoelectric pH, while K19 has the
lowest molecular weight and a low isoelectric pH. Basic cytokeratins are 8 kDa larger than the acidic member. These cytokeratins
are expressed in combinations which characterize the type of
epithelium, i.e. each epithelial cell expresses speciﬁc pairs of type
I and type II keratins (with the exception of K19).
Thumb rules for keratin pairing [10]:
1. Keratins are expressed as pairs containing one member from
each subfamily.
2. The two members of each pair are in the same size rank or order
within their respective family, e.g. largest acidic keratin (K10) is
expressed with largest basic keratin (K1), i.e. K1 and 10.
Each epithelial cell expresses speciﬁc pairs of type I and type II
keratins (with the exception of K19). Unpaired lowest molecular
weight K19 is the type I keratin and is the smallest keratin and is
exceptional since it widely lacks the non-helical tail domain which
is typical for all other keratins [11] (Fig. 2 and Table 1).
4.5. Molecular weight and chromosomal localization of keratins
In the human genome, the keratin genes are clustered at two
different chromosomal sites, chromosome 17q21.2 (type I keratins,
except K18) and chromosome 12q13.13 (type II keratins including
K18) (Table 2).
5. Distribution of keratin in fetal tissues
Keratin expression during human fetal development has been
reported for various tissues. Vaidya et al. studied keratin expression
in fetal epidermis from the 10th week of gestation till birth and
observed K polypeptides typical of simple epithelia (K8, 18 and 19)
till 24 weeks after which these gradually disappeared and were
absent in adult epidermis [12].
Simple epithelial keratins are expressed in all cell layers during
the early stages, essentially in peridermal cells. In oral cavity from
the 14th week, K18 is present only in the taste buds, which may be
a reliable marker for this sensory organ. K4 and 13 are expressed
from 10th to 23rd week by both ventral and dorsal lingual epithelia
[13]. In one of the elaborative research of Vaidya et al. demonstrated
several K expression proﬁles during 16th–21st week in human fetal
tongue and buccal mucosa [12].

Fig. 2. Diagrammatic representation of keratins pairing.

Table 1
The distribution of type I and type II of keratins.
Type I cytokeratins

Type II cytokeratins

Acidic group (isoelectric point < 5.7)
Cytokeratins: 9–20
Mol wt: 40–56.5 kDa
Smaller cytokeratins

Basic group (isoelectric point > 6)
Cytokeratins: 1–8
Mol wt: 52–67 kDa
Larger cytokeratins

5.1. CK expression in human fetal tongue
16th week
18th week
20th week
21st week

1, 2, 6, 8, 16, 18
1, 8, 18
1, 2, 5, 6, 8, 10, 16, 18, 19
1, 8, 18

Table 2
The chromosomal localization and molecular weight of keratins.
Keratin names

Chromosomal localization

Molecular weight

K1
K2
K3
K4
K5
K6
K7
K8
K9
K10
K11
K12
K13
K14
K15
K16
K17
K18
K19
K20

12
12
12
12
12
12
12
12
17
17
17
17
17
17
17
17
17
12
17
17

67
65
64
59
58
56
54
52
64
56.5
56
55
51
50
50
48
46
45
40
46

80

C. Belaldavar et al. / Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology 28 (2016) 77–84

5.2. CK expression in human fetal buccal mucosa
16th week
18th week
20th week
21st week

1, 6, 7, 8, 16, 18, 19
1, 2, 8, 18
1, 6, 7, 8, 16, 18, 19
1, 6, 8, 16, 18

6. Keratin expression in odontogenesis
During odontogenesis, Hertwigs epithelial root sheath (HERS),
dental lamina, stellate reticulum, and ameloblast differentiation express different cytokeratins. Hence it is very important
to identify keratin proﬁle based on differentiation to implicate
it in identiﬁcation of odontogenic cyst and tumors. K7/K17 is
expressed in stellate reticulum and hertwig epithelial root sheet.
K10 is usually absent in tooth germ and can be considered
as a marker of differentiation/maturation of keratinocytes. K13
and K19, which are expressed in non-keratinized epithelium,
are seen in dental lamina and ameloblast differentiation, respectively. According to the study done by Crivelini et al., K14 is
the main intermediate ﬁlament of odontogenic epithelium, which
is observed in dental lamina, reduced enamel epithelium and
in almost all cells of the enamel organ. Its absence in regions
of advanced amelogenesis may suggest loss of K14 as a consequence of cellular secretory activity. K14 is considered as strong
label for inner enamel epithelium as an anchorage protein [14,15]
(Fig. 3, Table 3).

7. Keratin expression in adult epithelia
The various epithelia in the human body usually express
cytokeratins which are characteristic of the type and degree of maturation or differentiation within an epithelium; thus it is essential
to know which type of K expresses in which cell layer.
K5 and K14 are the major keratins expressed in the basal cell
layer of both keratinized and non-keratinized epithelia. In the
undifferentiated basal cell layer which contains stem cells, K5 and
K14 are strongly expressed and are down-regulated in the differentiating suprabasal cell layers, whereas K19 is expressed in basal cell
layer only in non-keratinized epithelium. In suprabasal cell layer
K1 and K10, K4 and K13 are normally expressed in keratinized and
non-keratinized epithelium, respectively. K8 and K18 are expressed
embryonically and in the simple epithelia. They are the ﬁrst keratins
to appear in embryogenesis and also the oldest keratins found during evolution. K6 and K16 are markers of fast cell turnover and are
usually expressed in keratinized epithelium [4,16] (Fig. 4, Table 4).
Table 3
The keratin expression in various part of the developing tooth.
Location of developing tooth

Keratin expression

HERS and stellate reticulum
Dental lamina
Strong label for inner enamel epithelium
(Anchorage protein)
Ameloblast differentiation marker
Absent in tooth germ (Marker for maturation
of keratinocytes)

K7/17
K13
K14

Fig. 3. Diagrammatic representation of keratins in developing tooth.

K19
K10
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Table 6
The expression of keratins in normal and tumors of salivary gland.
Myoepithelial cells
Basal cells of excretory ducts
Luminal ductal cells
Acinar cells and acinar cell carcinoma
Myoepithelioma
Monomorphic adenoma and Polymorphous
low-grade adenocarcinoma
Adenoid cystic carcinoma
Mucoepidermoid carcinoma

K14, K19
K13, K14, K16
K7, K18, K19
K8
K7, K14
K8
K7, K8, K14, K18, K19
K7, K8, K13, K14, K18

recognizable epithelial alterations. Hence the knowledge on alteration of cytokeratin expression is important [28]. According to
Lindberg et al. CK8/18 and suprabasal expression of K19 are correlated with the premalignant transformation in oral epithelium
[29].
Mild dysplasia, arising from non-keratinized epithelium-K1/10
synthesis, is enhanced and K4/13 is retained. This is explained
by the presence of K1/10 mRNAs, synthesis of which is increased
in dysplastic state. Moderate dysplasia from non-keratinized
epithelium-K1/10 ﬁlaments completely replace the K4/13 complex. Keratins K4/13 or K1/10 that are characteristically present in
suprabasal cell layers show reduced expression or loss in epithelial
dysplasia. Severe dysplasia – both K4/13 and K1/10 – are absent.
K5 and K14 are expressed in parabasal and spinous cell layers and
may reﬂect basilar hyperplasia in dysplastic epithelium, whereas
in normal epithelia these keratins are expressed only in basal cells
[17,30]. Su et al. found that K19 expression in epithelial dysplasia
varies from case to case but abundant nRNA appears to be consistent and suggested that K19 expression is diminished in the tissue
with higher degree of keratinization. Differing levels of K19 expression may indicate instability in this keratin gene in the course of
malignant transformation. Perhaps in WDSCC K19 was negative
and in PDSCC with K14 negative found to have enhanced K19. Hence
they suggested that synthesis of K19 was to compensate for the loss
of K14 so as to maintain the intermediate ﬁlament network [31].
The expression of K5 is a hallmark of squamous epithelium
and is predominantly seen in the basal/stem layers of stratiﬁed
epithelium. Stem cells of stratiﬁed epithelium have been repeatedly described as the major cellular targets for cancer causing
mutations and therefore might give in a long-term rise to the
development of SCCs. Stigbrand et al. showed positive correlation
between increased expression K8 and K18 and an increase in histological grade of anaplasia. A relationship between K8 and K18
expression and location of carcinoma cells at the tumor invasion
front or in other areas of stroma interaction has been reported
[32]. In normal fetal buccal mucosa and tongue epithelium until
27 weeks of gestation K8 and K18 are expressed [33]. Hence it
could be explained that 8/18 expression in tumor cells reincarnate
toward embryonic expression. Study done by Fillies et al. showed
that determination of the K8/18 and 19 expression in OSCC can be
correlated with its prognostic potential [34]. Furthermore in our
previous study we observed that expression of K8/18 was negative in all normal mucosa, and was enhanced in OSCC that was
progressing toward poorly differentiated than well differentiated
[35].
a. K14 expression is seen in all grades of OSCC irrespective of differentiation pattern.
b. K1, 4, 10, 13 expression seen in well differentiated and moderately differentiated OSCC.
c. K8, 18 enhance expression in poorly differentiated.
Suppression of differentiation keratins (1, 4, 10, 13) and expression of simple keratins (7, 8, 18) suggest the aggressive nature of
carcinoma and propensity for metastasis.
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10. Antibodies to keratins
In the early days of immunohistochemistry, most antikeratin
antibodies used in surgical pathology were not reactive to a speciﬁc
keratin; rather they were mixed monoclonal antibodies or polyclonal antibodies that reacted to several keratins. Currently, high
quality anti-keratin monoclonal antibodies to all of the 20 keratins
are commercially available [2,36].
The commonly used antibodies are Pan keratin cocktail, clone
LP34 antibody, pancytokeratin antibodies, AE1 and AE3 antibody,
and CAM5.2.
10.1. Pan keratin cocktail
The cocktail antibodies contain monoclonal antibodies to AE1,
AE3, CAM5.2 and 35 (SHI 1). It reacts to all epithelial tissues and
their tumors.
10.2. Clone LP34 antibody
This is a broad-spectrum monoclonal antibody that is reactive to
K5, K6, K8, K17, and K19. It is positive on both simple glandular and
stratiﬁed squamous epithelium. LP3 can be used as a pancytokeratin antibody to differentiate carcinoma from sarcoma, lymphoma
or malignant melanoma.
10.3. Pancytokeratin antibodies
This contains monoclonal antibodies to K5, K6, K8, and K18. They
recognize all epithelial tissues and their neoplasms.
10.4. AE1 and AE3 antibody
This antibody is a mixture of AE1 clone and AE3 clone. Monoclonal AE1 recognizes type I keratin, while AE3 recognizes type II
keratins. Thus, AE1 and AE3 are pan speciﬁc antibodies for human
keratins.
10.5. CAM5.2
This antibody reacts with K8 and K18. In normal tissue, it
stains simple and glandular epithelium. CAM5.2 stains most of the
epithelial-derived tissues and their tumors. It is useful for the differentiation of adenocarcinoma from squamous cell carcinoma.
11. Conclusion
Keratins by showing a complexity of expression constitute
important biological markers, which are linked to differentiation.
The proteins are stable, relatively resistant to degradation, show
great quality of expression and are very antigenic. These may serve
as markers of early alterations, indicative of premalignant and
malignant lesions. Nevertheless pathologists should be aware of
the existence of some rare neoplasms, which in spite of their mesenchymal origin may show positivity for keratins. The expression of
keratins in sarcoma is generally but not always accompanied by evidence of epithelial differentiation at light and electron microscopic
level, e.g. synovial sarcoma. Better understanding of keratin pattern
shifts during epithelial cell transformation and tumor progression
may be expected when the molecular regulatory mechanisms of
the expression of keratin have been explored.
Conﬂict of interest
None.
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LETTER TO THE EDITOR

A Proposed Classification to
Identify the Oral Manifestations
of Genodermatoses
Sir,

Dermatology, being the specialized study of skin

diseases, comprises of an important subdivision of the

practice of medicine not only because of the various

primary diseases affecting the skin, but also because of
the common cutaneous manifestations of deeper
visceral or systemic diseases.1

There are several dermatologic disorders that have a

genetic etiology or a genetic predisposition. Such
genetically determined skin disorders are termed as

“genodermatoses” (geno: genetic + dermatoses: skin
lesions).2

A genodermatoses can be defined as “a cutaneous
phenotype caused by a single mutation, which may be a
point mutation, deletion or a chromosomal aberration”.3

The epidermis of the skin and the amelodentinal (the

enamel and dentine) components of the teeth are
derived from a common embryologic neural origin of the
ectoderm. As a result, there exist many primary

cutaneous diseases which find their manifestations in
the oral cavity affecting the oral mucosa and dentition.4

Therefore, it is of utmost importance for a dentist to
recognize that not only some dermatoses exhibit
concomitant lesions of the oral mucous membranes but
also manifestations of some diseases may be preceded
by oral lesions.

There are a plethora of genodermatoses with prominent

Proposed calassification of oral genodermatoses

1. Genodermatoses affecting teeth and dentition
• Ichthyosis

• Sjogren-Larrson syndrome
• Incontinentia pigmenti

• Ehlers Danlos syndrome

• Focal dermal hypoplasia syndrome
• Gardner syndrome

• Ectodermal dysplasia

• Hyperimmunoglobulin E syndrome (Job syndrome)

2. Genodermatoses affecting periodontium and gingiva
•Ichthyosis

• Sjogren-Larrson syndrome

• Papillon Lefevre syndrome
• Tuberous sclerosis

• Chediak-Higashi syndrome
• Ehlers Danlos syndrome

• Focal dermal hypoplasia syndrome

3. Genodermatoses affecting oral mucosa
• Darier's disease

• Neurofibromatosis type 1 and 2
• Chediak-Higashi syndrome
• Ehlers Danlos syndrome
• Lipid proteinosis

• Focal dermal hypoplasia syndrome

• Multiple hamartoma syndrome (Cowden syndrome)
• Pachonychia congenita
• Epidermolysis bullosa

• Multiple endocrine neoplasia syndrome
• White sponge nevus

4. Genodermatoses affecting jaw bones and facies
• Mccune-Albright syndrome
• Ehlers Danlos syndrome
• Marfan syndrome

• Focal dermal hypoplasia syndrome
• Gardner syndrome

• Basal cell nevus syndrome

• Orofacial digital syndrome type I

5. Genodermatoses causing pigmentation of oral mucosa
• Carney complex

• Neurofibromatosis type 1 and 2
• Mccune-Albright syndrome
• Lipid proteinosis

• Pseudoxanthoma elasticum
• Peutz-Jeghers syndrome

• Congenital erythropoetic porphyria
• Hypomelanosis of ito

• Sturge-Weber syndrome

• Hereditary hemorrhagic telengiectasia syndrome

6. Genodermatoses with malignant potential
• Xeroderma pigmentosum
• Dyskeratosis congenita

and characteristic manifestations in both hard and soft

manifestations

been well identified and classified. Although oral

classification is required to segregate the manifestations

tissues of the oral cavity. These genodermatoses have
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of

genodermatoses

have

been

mentioned by various authors, a comprehensive

1
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of genodermatoses in oral cavity.4,5 This can enable

3. Kumar S, Sehgal VN, Sharma RC. Common genodermatoses.

the underlying genetic dermatopathy.

4. Freiman A, Borsuk D, Barankin B, Sperber GH, Krafchik B.

dentists and dermatologists or any clinician, to identify
We

hereby,

propose

a

classification

for

oral

Int J Dermatol 1996; 35:685-94.

Dental manifestations of dermatologic conditions. J Am Acad

manifestations of genodermatoses. We have attempted
to accrue various genodermatoses in one classification

suggesting their manifestation in hard and soft tissues of
the oral cavity.6,7 We have also included the diseases

with multiple manifestations in both teeth and oral
mucosa.

Through this classification, we bring to light the various

Dermatol 2009; 60:289-98.

5. Hand JL, Rogers RS. 3rd edition Oral manifestations of
genodermatoses. Dermatol Clin 2003; 21:183-94.

6. Bork K, Hoede N, Karting G. Diseases of the oral mucosa and
the lips. Saunders. p258-93.

7. Spitz JL. Genodermatoses: A clinical guide to genetic skin
disorders. 2nd edition. Lipincott Williams & Wilkins; 2005.

genodermatoses with oral manifestations which usually

go otherwise unnoticed. Therefore, we are identifying
and shedding light on the significance of oral

genodermatoses which can aid in early diagnosis of the
disease.
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CASE REPORT

Lymphocytoma cutis: diagnostic enigma for the maxillofacial surgeon
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Abstract (J Korean Assoc Oral Maxillofac Surg 2016;42:379-382)
Cutaneous lymphoid hyperplasia (CLH) is a cutaneous pseudolymphoma with a worldwide distribution, equally affecting all races and ethnic groups.
Due to its vast array of characteristics, it is most often missed in the differential diagnosis of firm to soft lumps on the head and neck. A systematic approach to the workup and diagnosis along with treatment of such lesions is discussed in this article. A 20-year-old Asian Indian female presented to our
Oral and Maxillofacial unit with a lump on the left side of her forehead for 1 month. Local examination revealed a 2.5×3.0 cm2, well circumscribed
swelling over the left para median region that was firm to doughy and non-tender. There was no other significant finding on general examination. Excisional biopsy of the lesion was performed, followed by histopathologic processing. The general etiology, pathogenesis, clinical presentation, differential diagnosis, clinical course, prognosis, treatment, and prevention have been discussed in line with the recent modalities of diagnosis and treatment
of CLH. Due to the overlapping clinical and histological characteristics of CLH with many other lesions, it is important to consider this lesion in the
differential diagnosis of cutaneous lesions.
Key words: Cutaneous lymphoid hyperplasia, Cutaneous pseudolymphoma
[paper submitted 2015. 10. 30 / revised 2015. 12. 11 / accepted 2016. 1. 17]

I. Introduction
Benign lymphoid hyperplasia (pseudolymphoma) has been
reported in the skin, lungs, orbit, and gastrointestinal tract,
but only rarely in soft tissues1. Cutaneous pseudolymphoma
is a term used to describe a skin lesion that bears a clinical
or histological resemblance to lymphoma. Many entities are
included under this umbrella based on their lymphoid composition, pattern of infiltration, and associated findings, including cutaneous lymphoid hyperplasia (CLH), pseudolymphomatous folliculitis, Kimura disease, Castleman disease,
and pseudo-mycosis fungoides. CLH has had a wide variety
of names, including Spiegler-Fendt sarcoid, lymphocytoma
cutis, and lymphadenosis benigna cutis. It has a worldwide
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distribution and affects all races and ethnic groups equally. It
occurs both in adults and children, with a slight female predominance2. Due to this vast array of characteristics, the lesion is most often not included in the differential diagnosis of
soft to firm lumps present on the head or neck. A systematic
approach to the workup and diagnosis of such distinct lesions
is discussed in this article.

II. Case Report
A 20-year-old Asian Indian female presented to our Oral
and Maxillofacial unit with a lump on the left side of her
forehead. The lump has been present for 1 month, and she
had developed a psychological complex due to the unaesthetic appearance. The lesion was initially 1×1 cm2 and had
eventually progressed to the presentation size over the month.
There was no history of associated fever, previous treatments,
unexplained weight loss, or malaise. The patient had no deleterious habits, and the family history was inconclusive for
any hereditary or genetic correlation.
General examination did not reveal any significant findings
such as similar lesions on the extremities, chest, or abdomen. On further local examination, a 2.5-cm-long and 3-cm-
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wide, well circumscribed swelling was seen over the left para
median region of the forehead, which was firm to doughy in
consistency and non-tender. The skin over the swelling was
normal and did not show any signs of inflammation or follicular change. The swelling had not displaced the skin below
the eyebrows and was not fixed to underlying structures.(Fig.
1) No neurological signs were present such as paresthesia or
hyperesthesia. No regional or distant lymph nodes were palpable. Routine blood and urine investigations were ordered
and were within the normal limits. Based on the clinical
features, a provisional diagnosis of a solitary cutaneous neurofibroma over the left paramedian forehead was made. The
differential diagnosis also included a myxoma and schwannoma of the regional neural bundle, all of which required a
similar line of initial treatment. The treatment plan included
an excisional biopsy due to the perceived benign nature of
the lesion. The patient underwent an excisional biopsy after
informed consent was obtained.
A horizontal incision was marked in a natural skin crease
above the left eye brow, taking care to avoid the hair follicles.
An incision was given identifying the layers till the capsule
of the lesion. Supracapsular blunt dissection commenced,
and it was noted that the lesion was encasing the supraorbital
nerve bundle.(Fig. 2) On further circumferential dissection,
the lesion was freed from the nerve sheath, which was found
to be clinically intact. Complete excision of the lesion was
achieved; following hemostasis, closure was performed in
layers.

The histopathological processing showed a highly cellular
tissue composed of dense aggregates of lymphocytes with
germinal center formation interspersed with abundant mast
cells in a scanty stroma. The stroma was composed of loose
to dense bundles of collagen fibers forming septae separating the lesional tissue into lobules and forming a capsule. Cut
and longitudinal sections of nerve bundles were also seen.
Endothelial-lined blood vessels with red blood cells (RBC)
and extravasated RBC were noted. These features were suggestive of lymphoid hyperplasia.
The patient underwent regular follow-up for 10 months,
and no signs of recurrence, hypoesthesia, or paresthesia were
noted.

III. Discussion
1. Etiology and pathogenesis
Most of the commonly diagnosed CLH are thought to be
due to idiopathic etiology; however, some may be associated
with bites or stings from arthropods, infections such as herpes
zoster and Borrelia burgdorferi , recent tattoos, vaccinations,
and use of gold jewelry2. Medications that can be associated
with CLH include phenytoin (hydatoin-associated pseudolymphoma syndrome), carbamazepine, phenobarbitols, cyclosporine, calcium channel blockers, and H1 and H2 antagonists.
Due to this variety of causative agents, the identification of
the etiologic factors of this lesion can be considered a very
enigmatic dilemma; our case was deemed to be idiopathic. It
has been proposed that rather than being the target of the immune response; these agents alter the lymphocyte reactivity
in a way to promote a typical CLH response.

Fig. 1. Clinical photograph of the swelling over the left supraorbital region.

Fig. 2. Intraoperative photograph of the lesion encasing the supraorbital nerve bundle.
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2. Clinical findings
Clinical history taking should include the symptomology
and duration of the lesion as well as the nature and pace of
progression. CLHs are usually slow growing lesions, mostly
painless, and have a slow pace of progression with an indefinite rate of growth. The history should also include the
so called lymphoma B symptoms such as fever of unknown
origin, unexplained weight loss, night sweats, fatigue, and
malaise. Our patient did not have any of these symptoms, further lessening the probability of this diagnosis. A general examination should be part of the routine analysis for cutaneous
lesions in order to rule out the distribution of skin lesions and
peripheral lymph nodes. Extracutaneous involvement should
be ruled out by complete blood count, general chemistry panel, and chest radiographs. These lesions are usually solitary
but may occur as papules, plaques, or nodules. They usually
have a firm to doughy consistency and range from red-brown
to violet in color. Use of topical and systemic corticosteroids
should be discontinued for at least 4 weeks before biopsy
as these agents attenuate the lymphoid infiltrates. The most
diagnostic area of biopsy in these lesions is the deepest portion. In our case, i.e., a solitary lesion, it was best to perform
an excisional biopsy as the inflammatory changes associated
with an incisional biopsy would change the local environment. If uncertainty remains regarding the diagnosis between
a pseudo and true lymphoma, further tests may be ordered,
such as computed tomography of the chest and abdomen and
bone marrow biopsies.
3. Differential diagnosis
The differential diagnoses for an acquired, long standing,
painless, firm to doughy lesion occurring on the forehead are
numerous, ranging from the benign solitary neurofibroma
to malignant lymphomas. The key diagnoses to include are
neurofibroma, lipoma, drug eruptions, infectious and inflammatory granulomas, and metastatic carcinoma. It is important
to always rule out cutaneous B-cell lymphoma (CBCL) and
leukemia cutis, as they are aggressive lesions, and treatment
can be completely tangential.
4. Clinical course and prognosis
These lesions can resolve spontaneously, if the etiologic
agents are removed, or might persist indefinitely, giving rise
to a poor aesthetic outcome. Nodular scabies is a well-known

clinical form of persistent CLH that presents as pruritic,
persistent nodules for months even after specific treatment.
Single standing lesions usually resolve after excisional biopsy. One of the most challenging outcomes is the close relationship with CBCL. Most patients subsequently diagnosed
with CBCL receive a previous diagnosis of CLH based on
biopsy results. Patients with papulosis, granulomatosis, and
lymphadenopathy have a high chance of developing lymphomas2. Some authors present this as a “concept of continuum,”
where the cutaneous pseudolymphomas, such as CLH, represent the benign end of the lymphoproliferative continuum,
with the intermediate form being clonal CLH, and the malignant extreme being true lymphomas. This concept is important when considering treatment options based on stage
in the continuum, and regular follow up is needed due to the
increased risk of clonally related lymphoma and the other
lymphoid abnormalities usually associated with this lesion3.
5. Treatment
CLH can be treated in a variety of ways based on the etiology. Lymphocytoma cutis, traditionally caused by B. burgdorferi , responds to cyclosporin therapy, as do some of the
idiopathic varieties. Glucocorticosteriods (topical, intra lesional 5-40 mg/mL 1 mL monthly or systemic 60/40/20 mg 5
days each tapered), hydroxychloroquine 200 mg twice daily,
and minocycline 50-100 mg twice daily have been used in
the past with varied success4. Some studies also support the
use of HIV antiviral triple therapy5 or topical tacrolimus6.
Radiotherapy has been shown to be effective but is mostly
considered a last resort. Recently, the use of pulsed dye lasers
and photodynamic therapy has been shown to be effective
in esthetic areas7. Our case was an atypical CLH; in most instances, these lesions cannot be distinguished from true lymphoma, and was hence treated as a localized lymphoma, i.e.,
excision, after the staging ruled out extra cutaneous disease.
Due to the local and distant recurrences after any of the above
treatments, this may have been followed by radiotherapy; this
was not so in our case due to the patient’s desires.
6. Prevention
Key to the prevention strategy of CLH is to avoid the ingestion of, or contact with, any of the causative agents in
patients with a suggestive clinical history, such as anticonvulsants, arthropods, gold jewelry, and hair dyes8.
Due to the overlapping clinical and histological character381
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istics of CLH with many other lesions, it is important to include and exclude this lesion in the differential diagnoses put
forward for suspected cutaneous lesions.
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ABSTRACT
Osteoblastomas are biologically benign tumors with limited growth potential and may show a wide range of clinical,
radiographic and histopathological findings. Osteoblastomas of the jaw may resemble other gnathic lesions including
osteoid osteoma, cementoblastoma, cement-ossifying fibroma, cemento-osseous dysplasia and osteosarcoma, offering a
unique diagnostic conundrum. Aggressive osteoblastoma, a rare variant of osteoblastoma characterized by the presence of
atypical histopathological features like epithelioid osteoblasts and exhibiting locally aggressive behavior is rarely reported in
the jaw bones. The accurate diagnosis and delineation of this entity from malignant bone tumors sometimes may be a
challenge. The case report emphasizes this entity, which has to be differentiated from low- grade osteosarcoma and
highlights the gravity of clinico-pathologic correlation in such lesions.
Key Words: Aggressive osteoblastoma, osteoblastoma, maxilla, epithelioid osteoblasts

Introduction
Osteoblastoma is an uncommon bone forming
tumor accounting to 1% of all bone tumors,
commonly found in vertebral columns and long
bones. It accounts to 15% of cases in maxillofacial
skeleton with greater frequency occurring in the
mandible (1). The spectrum of osteoblastoma
includes lesions characterized by trabeculae of
newly formed osteoid lined by plump osteoblasts
in a vascular background and a variant with high
cellularity, prominent blue osteoid, epithelioid
osteoblasts and mitosis designated as atypical
osteoblastoma or aggressive osteoblastoma (AO).
This subset of osteoblastoma has a locally
aggressive behavior with high rate of recurrence
but without metastatic potential (2). Dorfman and
Weiss described aggressive osteoblastoma as
borderline osteoblastic tumor with characteristic
epithelioid osteoblasts (3). Microscopic features
like focal presence of chondroid matrix, fine lacelike osteoid and mitosis necessitates a detailed
clinical, radiographic and histopathological work
up to rule out malignancy and is often arduous.
Aggressive osteoblastoma is rarely reported in the
jaw bones (4-7) with very few cases being reported
in the maxilla (8,9). Here, we report a case of

*

aggressive osteoblastoma of the maxilla in a 7-yr
old boy.

Case report
A 7-yr old boy presented with a slow growing
painless swelling on left upper jaw for one year.
Examination revealed a large, non-tender, hard
swelling measuring 3x4 cm on the palatal aspect
extending from maxillary left deciduous lateral
incisor to second molar (Figure 1a). General
examination revealed no other abnormality.
Orthopantomograph revealed well trabeculated
radiopaque mass with radiolucent rim. Computed
Tomography revealed a well circumscribed
predominantly lytic expansile lesion around 3x4
cm with speckled calcifications (Figure 1b).
Though a benign osteoblastic lesion was
considered, the concern here was to rule out
malignancy. An incisional biopsy disclosed a
highly cellular lesional tissue composed of sheets
of minimally pleomorphic epithelioid osteoblasts,
osteoclast like giant cells with abundant osteoid
formation. A striking presence of immature
spiculated blue bone was noted with focal
chondroid areas. The periphery showed
transformation of blue bone to a more organized
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Introduction

Amongst the other grafts, cartilage grafts are widely being
used in rhinoplasty to overcome certain irregularities on the
nasal dorsum and to achieve a smoother surface after
correction. But ironically these grafts tend to have memory
and revert to their original physique even after years of
implantation. This leads to postoperative distortion and
deformities [1, 2]. Erol’s [3] modification of diced cartilage
for dorsal nasal augmentation popularized the use of these
types of Turkish delight grafts. Nevertheless, clinical
studies reported that the long term follow up, crushed or
diced cartilage pieces wrapped in surgicel resorb after few
months resulting in irregularities of the nasal dorsum [4].
The comparison of diced and crushed cartilage grafts
without perichondrium and some with being wrapped in
surgicel or hyaluronidase have been widely studied in
previous papers [5, 6]. But the fate of implanted crushed
and uncrushed autologous auricular cartilage graft with
intact perichondrium on both the sides has not been evaluated as per our literature review. In the present study, an
attempt has been made to compare the fate of the crushed
and uncrushed autologous auricular cartilage with intact
perichondrium with respect to macroscopic and microscopic variances.
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Abstract To investigate the viability of the implanted
crushed and uncrushed auricular cartilage graft with intact
perichondrium with respect to macroscopic and microscopic parameters. Cartilage grafts from 8 white New
Zealand rabbits were harvested from the right auricle, with
intact perichondrial layers. There were two categories Pre
implant and Post-implant and two types, mildly crushed
and uncrushed cartilage graft. The cartilage grafts were
implanted into the subcutaneous pockets over the right
upper paraspinal area. At the end of 2 months, implanted
grafts were retrieved and examined histopathologically.
There was a difference among the both types of cartilages
in both the categories with respect to chronic inflammation,
fibrosis, cartilage mass viability and vascularization. The
mildly crushed auricular autologous cartilage with intact
perichondrium does not lose the viability and maintains the
structural integrity and thus increasing the clinical predictability for cosmetic correction of nose in rhinoplasty.
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and approved to conduct the research at central
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Animals were put into the individual cages a week before
the proposed surgery for the adaptation and the hair of the
operative site from the right auricle and the right upper
para-spinal area were shaved on the day of surgery with the
fresh blade and mild antiseptic solution (Savlon) was
applied. After the animal was anaesthetized, operative sites
were cleaned with antiseptic solution and draped with
sterile drapes. The operative sites were infiltrated with local
anesthetic agent with 26 gauge dental needle. Approximately 40 mm 9 10 mm cartilage graft was harvested
from each animal through the ventral surface of right auricle
(Fig. 1). The obtained cartilage with intact ventral and
dorsal perichondrial layers was sectioned with fresh 11 no.
blade into four pieces of each 10 9 10 mm size. Two pieces were mildly crushed in the cartilage crusher. One crushed and another uncrushed cartilage pieces as pre-implant
grafts were sent for histopathological analysis.
Then two separate stab incisions about 4 cm apart were
made in the skin of the upper paraspinal region and a
subcutaneous pocket was created at each site (Fig. 2). Then
one crushed and another uncrushed cartilage grafts were
implanted into the pockets separately. The incisions of both
donor and the recipient sites were sutured with 3–0 Vicryl
(Centisorb 910 Violet-Centenial Surgical Suture Ltd) and
the grafts were left at the recipient sites for 2 months.
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Fig. 1 Cartilage graft harvested through the ventral surface of right
auricle
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experimental animal house at KLE University’s J.N.
Medical College, Belgaum, Karnataka, India. The study
was carried out in compliance with the guidelines for the
animal experimentation of committee for the purpose of
control and supervision of experiments on animals
(CPCSEA). The adult male white New Zealand rabbits
aged between 12 and 15 months were procured from the
registered animal breeder (627/02/a/CPCSEA). All animals
used for this experiment received care according to the
guidelines for use of laboratory animals in medical colleges—ICMR-2001 (Indian Council of Medical Research).
Animals were housed individually in a controlled environment at a room temperature of 18 ± 1 °C and with
50–70 % relative humidity, with a 12 h light–dark cycle
and were taken care with food and water as per their body
weight. A total of 8 New Zealand rabbits, each weighing
approximately 1250 to 1500 gms, were acquired for the
study. Each rabbit was anaesthetized with intramuscular
route with mixture of freshly drawn injection of Ketamine
hydrochloride of 35 mg/kg (Aneket-Neon Lab) and Xylazine Hydrorochloride of 5 mg/kg (Xylaxin-Indian
Immunologicals LTD). Local anesthesia was given at
operating site with Lidocaine Hydrochloride with adrenaline (Xylocaine 2 % with adrenaline, 1:200,000, Astra
Zeneca Pharma, India Ltd).
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Fig. 2 Two incision sites for graft implant (right upper paraspinal
area)

Histopathological Staining
The grafts were explanted after 2 months, adhering to the
similar implantation operative protocol without sacrificing
the animals (Fig. 3) and the samples were fixed in 10 %
neutral buffered formalin for 24 h in separate coded containers. The entire specimen was examined histopathologically. The histopathologist was blinded to the specimens.
Two groups were categorized as pre-implant and post-implant. Each group had two types of grafts, one crushed and
another uncrushed. Specimens included in the study were
processed, embedded in paraffin and cut into 5 lm sections. The sections were stained with Haematoxylin–Eosin
(H & E), Masson Trichrome and Van Gieson Veerchoff
stain and were examined under light microscopy. The H &
E stained sections were used to evaluate chondrocyte viability and the status of the chondroid tissue. Masson trichrome tissue stain is an important indicator of collagen
content of the matrix. With this stain, a blue color in the
matrix marks collagen fibrils and was used to assess connective tissue. Cartilage graft viability was determined
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characteristics. Relatively the crushed cartilage was pliable, softer with intact perichondrium on both sides and
more vascularity was observed around the implanted
graft.
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Microscopic Examination
Uncrushed Cartilage
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Crushed Cartilage

Crushed cartilage showed few sparse islands of bare areas
without the perichondrium in both pre-implant and postimplant specimens indicating abraded areas because of
crushing but there were no damaged or fragmented areas.
All the other comparative parameters were statistically
significant and showed moderate—severe fibrosis, minimal
vascularization and moderate to severe inflammation
(Table 1).
Comparing to the crushed or uncrushed cartilages to
their counter parts in pre-implant and post-implants, the
P value was not significant (Table 2).
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based on the state of the chondroid matrix, specifically the
loss of matrix chondromasia and the loss of chondrocyte
nuclei from the lacunae. Absence of matrix chondromasia
and chondrocyte nuclei was considered to indicate nonviable chondroid tissue. The level of cartilage mass, fibrosis,
chronic inflammation and vascularization for each specimen was expressed as a percentage of the total tissue
present. The cartilage mass in the specimens were quantified as 1? when 0–25 % of the analyzed material was
recorded, 2? when 26–50 %, as 3? for 51–75 % and as
4? when 76 % and above. When evaluating the chronic
inflammation, presence of the lymphocytes were quantified
as absent, mild, moderate and severe depending on the
number of chronic inflammatory cells observed. For analyzing the fibrosis and vascularization density representing
0–25 % of the analyzed material were recorded as minimal
(1?), 26–50 % as moderate (2?), 51–75 % as moderate to
severe (3?) and 76 % and above as severe (4?). In addition to chondrocyte proliferation, viability and new cartilage cell formation were investigated. Histopathologic
findings for each group were recorded.
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Fig. 3 Area of graft explantation and area of healed donor site of
right auricle

Pre implant H and E stain of the uncrushed bare cartilage
revealed intact perichondrial covering both the sides and
showed no changes in any histopathological variances
where as in post-implant grafts, though all the variances
were statistically significant except chondrocyte proliferation but were only mild from 1? to 2? histopathologically.

Results
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Variances of histopathological data were analyzed statistically with Wilcoxon signed ranks test and Fischer’s exact
test. Comparisons were made among and within the groups.
Fischer’s exact test was used in the comparison of the
qualitative data in the study. Results were evaluated at a
P \ .05 significance level.
Macroscopic Observation
It was observed that the grafts were firmly embedded
into the deep fascia and were greyish and shining in
appearance. Both the grafts retained their cartilaginous

Discusssion
We the human beings are after the pursue of beauty of face
in general and the nose in particular. But ailing or ailed
noses may get deformed and are rendered free of ailment
before embarking on any corrections. Thus the maintenance of the harmony between the nose and the face is
obviously the aim of any corrective rhinoplasty [7].
Addressing the certain subtle irregularities over the dorsum
especially in thin skinned individuals during corrective
rhinoplasty is more challenging and at the same time
tedious because of various limitations. In cases of secondary rhinoplasty or a primary complicated rhinoplasty,
establishing a symmetric and smooth nasal dorsum is a
challenging part of the procedure. Especially in cases of
post traumatic deformity or asymmetric nasal bones,
establishment of the symmetric nasal dorsum is the most
difficult aspect of the surgery [8]. Another aim of the
surgery is to prevent an operated—on look by means of
camouflaging the graft. Many grafting techniques have
been described and used for this purpose in the past, but
none have been ideal [9–11].
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CR

UCR

1.

Chronic inflammation

.046*

.046*

2.

Fibrosis-collagen content

.005*

.005*

3.
4.

Vascular proliferation
Cartilage mass/collagen content

.005*
.007*

.005*
.007*

5.

Viability chondrocyte-loss of
condrocyte nuclei

.046*

.046*

6.

Perichondral proliferation/chondrocyte
proliferation

.058*

.058*

Wilcoxon signed ranks test
* Significant
Table 2 P value for pre implant and post-implant comparison of
types CR with UCR cartilage
Sl. no. Parameters

P value
P value
pre implant post-implant

1.

Chronic inflammation

NA

.608

2.

Fibrosis

NA

1

3.
4.

Vascular proliferation
NA
Cartilage mass/collagen content .007*

5.

Viability chondrocyte-loss
of condrocyte nuclei

1

6.

Perichondral proliferation/
chondrocyte proliferation

1
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1
1
1
1
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Fischer’s exact test
NA not applicable
* Significant
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There are numerous clinical and experimental studies in
the literature comparing the viability of crushed and diced
cartilage either wrapped in surgicel or fascia. The application of diced or crushed cartilage grafts on the nasal
dorsum were abandoned for a long period of time until they
were made popular again at the beginning of this century
by Erol [3]. As delineated in the ‘Turkish Delight’ technique, Erol prefers to harvest the cartilage from septal, alar,
conchal and costal origins and dice the cartilage into pieces
of 0.5–1 mm. This fine textured cartilage mass is then
wrapped in Surgicel to obtain a cylindrical form and is
moistened with rifampicin and parenteral blood. The surgicel wrapped diced cartilage is then inserted under the
nasal dorsal skin, into the nasal tip or into the lateral side
wall. Overcorrection is desirable as he states, because of
partial resorption.
Erol’s Turkish Delight technique applied to 2365
patients over 10 years demonstrated stable, long term
results [3]. However experimental studies conducted
afterward to evaluate the viability of the diced crushed
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Sl. no.

cartilage showed discrepant results [12, 13]. The studies
showed that the use of oxidized regenerated cellulose to
wrap diced or crushed cartilage grafts demonstrated no
evidence of proliferation thus reducing their clinical predictability because of negative effects on cartilage viability
and regeneration. This might be related to the finding that
surgicel cellulose fibers persist for long periods of time
after insertion in humans and that surgicel is degraded by
foreign body reaction rather than by hydrolyzed absorption
[1]. Humans do not possess a hydrolytic enzyme for
metabolizing the cellulose [14]. The wrapping procedure
may arrest the cartilage tissue oxygenation for up to 48 h,
which may give rise to a relative hypoxia in the early hours
after implantation. This relative hypoxia may result in loss
of regenerative potential. Daniel conducted a clinical study
using diced cartilage graft wrapped in surgicel, but this
study had to be halted abruptly at 4 months because of
unexpected absorption and clinical failure of all diced
cartilage grafts wrapped in surgical. However, Daniel and
Calvert used these grafts for contour to produce distinct
changes in the nasal profile. Their histological studies from
human specimens also indicated that a significant foreign
body reaction occurred in the diced cartilage grafts wrapped in surgicel but not in those grafts wrapped in fascia [4].
We have attempted a different and practical research on
animal model, comparing pre-implant and post-implant
crushed and uncrushed autologous auricular cartilage grafts
with intact perichondrium to know and understand the
behavior of the intended implanted autologous auricular
cartilage graft and to ascertain, whether the results are
extrapolatable in human beings in corrective rhinoplasty.
With this we were able to observe the histopathological
results in the same animal. We did not find any foreign
body reaction in any groups. Our findings are consistent
with the fact that surgicel wraps appear to incite an
inflammatory response and subsequent absorption of the
cartilage, whether diced or crushed [15]. The degree of
crushing has been shown to be an important factor in
cartilage viability and clinical predictability of autogenous
cartilage grafts. As the severity of crushing increases,
cartilage viability, chondrocyte proliferation and predictability of clinical outcome decreases [12]. Thus, we
used mildly crushed intact cartilage grafts in our experimental study and found no significant difference among
them. To note, all types of cartilage grafts showed viability,
mild chondrogenesis especially at the periphery just
beneath the perichondrium.
We are earnestly convinced that this study is of first of
its kind in the literature to compare the results of
histopathological changes of crushed and uncrushed cartilages grafts with both sides intact perichondrium. The
perichondrium acts like smooth sheath over the cartilage
and crushing the graft mildly makes it more adaptable over
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Table 1 P value for pre implant and post-implant comparison of
types CR and UCR cartilage
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In this study, we aimed to demonstrate the viability of
crushed and uncrushed autologous auricular cartilage grafts
with intact perichondrium in regard to histopathological
results. Thus we propose that with intact perichondrium
there would not be much difference between mild crushing
and non crushing and but to the advantage mild crushing
helps relative pliability and softening of the graft so that it
can be moldable over the dorsum and also promotes cartilage integrity and survival, thus increasing clinical predictability and avoiding the need for over correction. It is
important to keep in mind that this is an experimental
model in rabbits and similar procedures might result in
different findings in humans. Thus further studies are
needed to evaluate long-term effects and clinical applications in rhinoplasty procedures and authors intend to continue the research further for long term results.
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nasal dorsum to place it properly as a fascia and this type of
graft can be easily trimmed to allow for insertion into any
surgical site. Thus, chondrocytes have little capacity to
regenerate when injured and cartilage tissue that is not
supplied nutritionally is replaced by fibrous tissue [16]. In
the present study, this phenomenon has been evaluated
once again, especially in crushed cartilage grafts with
intact perichondrium.
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Abstract:
Background: The mainstay of periodontal therapy is mechanical removal of subgingival plaque. There is considerable
interest in supplementing it with the use of antibiotics and antiseptics. Many drawbacks are associated with these
adjunctive pharmacological regimens such as development of resistance to antibiotics and disruption of microflora
of the gastrointestinal tract. Hence, alternate means of killing subgingival bacteria are clearly desirable. One such
method is the use of laser. Aim: This study aimed to investigate antibacterial capabilities of gallium‑arsenic (Ga‑As)
laser on photosensitized periodontopathic organisms. The three bacteria selected for the study were Porphyromonas
gingivalis, Fusobacterium nucleatum, and Prevotella intermedia. Settings: The subjects for the study were selected
from the patients visiting the Department of Periodontics, Karnataka Lingayat Education Society’s Institute of Dental
Sciences, Belgaum. Design: In vitro study design. Materials and Methods: Subgingival plaque samples collected
from chronic periodontitis patients were cultured anaerobically for 72 h. Predetermined number of colonies of each
bacterium was taken and was then divided into cases and control groups. Both groups were photosensitized using
toluidine blue O (TBO) dye and the case groups were irradiated with Ga‑As laser. Bacterial colonies were then serially
diluted and were incubated for subculture. After incubation period, the number of viable bacterial count was performed.
Statistical Analysis: Wilcoxon‑signed rank test was carried out to determine significance of reduction on subsequent
dilution within the bacterial group. Mann–Whitney U‑test was performed to determine the significance of reduction
between cases and control of particular bacterial group. Results: The results revealed substantial reduction in the viable
bacterial count. F. nucleatum was found to be most sensitive to killing by laser irradiation followed by P. intermedia
and then P. gingivalis. Further, the TBO dye per se did not have any significant bactericidal effect. Conclusion:
Photodynamic Therapy may prove to be a promising method for eradicating periodontopathic bacteria in near future.
Key words:
Fusobacterium nucleatum, periodontitis, photodynamic therapy, Porphyromonas gingivalis, Prevotella intermedia
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ight has been used as a therapeutic agent for
many centuries. In ancient Greece, the Sun
was used in heliotherapy or the exposure of the
body to the Sun for the restoration of health.
Chinese used the Sun to treat conditions such
as rickets, skin cancer, and even psychosis. This
use of light for treatment of various pathologies
is referred as phototherapy.[1]
As long as 1900, it was recognized that the
microbes could be killed by visible light by
treating with a photosensitizing compound.
More recently, the idea of sensitizing bacterial
cells to killing by otherwise harmless doses of
visible light has been used as the basis of new
therapeutic modality known as photodynamic
therapy (PDT).[2] This involves the administration
of a photosensitizer which exhibits some
predilections for bacterial cells and then
irradiating with light. Singlet oxygen and free
radicals generated by irradiated photosensitizer
bring about the destruction of bacteria.

© 2016 Indian Society of Periodontology | Published by Wolters Kluwer - Medknow

Periodontal diseases are chronic infectious
condition resulting from accumulation of
bacterial biofilm on the tooth surface below
the level of gingival margin.[3] The mainstay of
periodontal therapy remains the physical removal
of subgingival plaque. However, mechanical
therapy alone may fail to eliminate the pathogenic
bacteria because of their location within gingival
tissue or in other areas inaccessible to periodontal
instrumentation. These limitations and the
improved biological understanding of periodontal
diseases have led to a move in emphasis from a
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pure mechanical approach to other methods which include
the use of antiseptics and antibiotics. Besides the development
of resistance, other problems associated with these adjunctive
pharmacological regimes are disruption of microflora of oral
cavity and gastrointestinal tract. Moreover, it is difficult to
achieve bactericidal concentration of antibiotics in periodontium
required for complete eradication of periodontopathic
organisms. Alternate means of killing subgingival bacteria
which could surpass these problems are clearly desirable. One
such method is the use of laser along with photosensitizer.
Main advantages of using laser for killing subgingival bacteria
are that bactericidal activity is achieved in seconds, which
minimizes the need for maintaining high concentration of
chemical within the lesion for long time.[2] In addition, killing
is mediated by free radicals singlet oxygen, so resistance
development would be unlikely and killing would be confined
to diseased lesion, so disturbances of microflora at other sites
would not occur.[2]
Periodontitis appears to be disease well suited to treatment
by PDT since such diseases (localized aggressive periodontitis
and chronic periodontitis) are essentially localized infections
and it is easy to access the periodontal pocket. Periodontitis
would be very amenable to treatment by PDT, wherein the
photosensitizer could be placed directly into the pocket which
could then be irradiated either through the thin gingival tissue
or through optical fiber placed directly into the pocket.[3]
Although PDT is more widely known for its application
in the treatment of neoplasms, there is also an interest in
antimicrobial PDT because a large number of microorganisms
(oral species) have been reported to be killed in vitro by this
approach.[2,3] Furthermore, the potential of some key virulence
factors (lipopolysaccharide and proteases) has also been shown
to be reduced by photosensitization.[4] Hence, an attempt has
been made in this study to investigate the bactericidal effect of
gallium‑arsenic (Ga‑As) laser (λ =904 nm) on photosensitized
predominant periodontopathogenic organisms.

MATERIALS AND METHODS
The subjects for the study were selected from the patients
visiting the Department of Periodontics, Karnataka Lingayat
Education Society’s (KLES’s) Institute of Dental Sciences,
Belgaum. Ethical clearance was taken before the study by
the Ethical Committee, KLES’s Institute of Dental Sciences,
Belgaum. A special pro forma was designed to obtain written
consent of patients for their voluntary participation in the
study and explaining the purpose of study in their vernacular
language.
Inclusion criteria
Patients diagnosed with chronic periodontitis (according to the
American Academy of Periodontology, 1999) with:
1. Patient having periodontal pockets >5 mm
2. Patients above 30 years of age
3. Patient should be dentate with more than 20 natural teeth.
Exclusion criteria
1. Patients with any medication during previous 48 h,
antibiotics within 3 months of sample collection
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2. Patients with systemic diseases/conditions
3. Smokers.
A total of thirty subgingival plaque samples were collected
from chronic periodontitis patients.
Sample collection
Procedure
After supragingival scaling, subgingival plaque was collected from
pockets >5 mm depth using sterile curettes under aseptic conditions.
Samples were then immediately transported to microbiology
laboratory using transport media, thioglycollate broth with Vitamin
K and hemin. Samples were cultured anaerobically for 72 h at 37°C
on blood agar, Brewer’s agar culture plates.
After 72 h, growth of bacterial colonies was seen on culture
plates.
Bacteria were identified based on colony characteristics,
hemolysis, pigmentation, and fluorescence. Three bacteria
selected for the study were Porphyromonas gingivalis,
Fusobacterium nucleatum, and Prevotella intermedia.
Colony count for the above three mentioned bacteria was
performed and expressed as colony‑forming unit (CFU)/ml.
Predetermined number of colonies (CFU/ml) of each bacteria
was taken equally as control and case groups (for P. intermedia
500 colonies, P. gingivalis 400 colonies, F. nucleatum 300 colonies
taken initially).
To both groups, 30 µl of 100µg/ml of toluidine blue O (TBO) dye
was added and only the case groups were exposed to Ga‑As diode
laser for 1 min in noncontact mode. Bacterial colonies of cases
and control groups were then serially diluted (in thioglycollate
broth) in 1:10, 1:50, and 1:100 ratio and subcultured under the
same culture conditions and incubated for 72 h. After incubation
period, again, the number of viable bacterial count was performed
using magnified glass and expressed as CFU/ml to determine
the bactericidal effect of Ga‑As laser. The above‑mentioned
procedure was done in an identical manner for each of the
bacterial group selected for the study.
Laser parameters used in study
1. Wavelength = 904 nm
2. Power output = 11 mW
3. Frequency–microwave – position = 11
4. Time = 60 s
5. Position of laser probe = noncontact mode.
Statistical analysis
The study was statistically analyzed using SPSS software
version 15.0 (SPSS Inc., Chicago, IL, USA). Mean values and
standard deviation were calculated. Wilcoxon‑signed rank
test was performed to determine significance of reduction on
subsequent dilution within the bacterial group. Mann–Whitney
U‑test was performed to determine the significance of reduction
between cases and control of particular bacterial group.

RESULTS
A different bactericidal effect of the three bacterial groups investigated
was obtained in the present study. Mean reduction values for
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P. gingivalis: Control = 395.0 ± 11.37 CFU/ml, cases = 299.67 ± 12.45
CFU/ml [Table 1, Figure 1]. Mean reduction values for F. nucleatum:
Control = 293.67 ± 12.17 CFU/ml, cases = 211.67 ± 18.21 CFU/ml
[Table 2, Figure 2]. Mean reduction values for P. intermedia: control
= 494.67 ± 13.58 CFU/ml, cases = 369.0 ± 36.99 CFU/ml [Table 3,
Figure 3]. Within the framework of this study, the reductions obtained
in F. nucleatum (29.44%) were markedly greater than that of
P. gingivalis (25.08%) and P. intermedia (26.20%) [Table 4].

DISCUSSION
The term “PDT” was established as early as 1900 by Raab, who
realized that interaction between acridine dye and visible light
in the presence of oxygen, killed paramecia.[5]
PDT is based on the principle that a photoactivable substance,
the photosensitizer binds to the target cell and can be activated
by light of suitable wavelength. During this process, free
radicals are formed (singlet oxygen) which then produce an
effect that is toxic to the cell.[4,5]

Figure 1: Bactericidal effect on Porphyromonas gingivalis (A) control (dye only)
and (B) cases (dye + laser)

PDT involves the use of low‑power laser light with appropriate
wavelength to kill cells or microbes previously treated with
photosensitizer. The photosensitizer interacts with the outer
wall at the surface of several types of bacteria to increase their
permeability and allows a significant amount of photosensitizer
to accumulate at the level of cytoplasmic membrane.[6]
PDT has been used as a means of eradicating periodontopathic
bacteria and photosensitizer have been tested in vitro and
in vivo in combination with low‑power laser to determine their
bactericidal effect. A number of studies have shown that not
only can this approach be used to kill bacteria but it can also
be used to reduce the impact of bacterial virulence factors.[4]
The present study aimed to investigate the bactericidal
effect of Ga‑As laser (λ =904 nm) on predominant anaerobic
periodontopathic bacteria. The results of the present
investigation have shown that short‑term (60 s) exposure to
light from Ga‑As laser (λ =904 nm, power output = 11 mW)
has bactericidal effect on bacteria present in subgingival
plaque samples once they have been sensitized using TBO dye.
Significant reduction in bacterial count has also been seen on
subsequent dilution (P < 0.0001).

Figure 2: Bactericidal effect on Fusobacterium nucleatum (A) control (dye only)
and (B) cases (dye + laser)

The results of the present study were in agreement with
previous reports of bactericidal effect of lasers.[7‑14] Sarkar
and Wilson have shown that 7.3 mW helium‑neon (He‑Ne)
laser irradiation for 30 s significantly reduce the viable
count of aerobic and anaerobic bacteria with 100% reduction
in black‑pigmented anaerobes such as P. gingivalis and
F. nucleatum.[11] Furthermore, Wilson and Dobson observed
significant bactericidal effects of 7.3 mW He‑Ne laser irradiation
on pure culture of periodontopathic bacteria photosensitized
with TBO dye and methylene blue.[12]
Selection of an effective photosensitizer is essential for the
success of the technique. Wilson et al. 1993 have screened a
number of chemical compounds for their ability to sensitize
oral bacteria to killing by low‑power laser from He‑Ne laser.
Sixteen of the compounds tested were able to act as lethal
photosensitizer of Streptococcus sanguis. Some of the most
effective photosensitizer were TBO and methylene blue

Figure 3: Bactericidal effect on Prevotella intermedia (A) control (dye only) and (B)
cases (dye + laser)

which rendered periodontopathogenic species of P. gingivalis,
F. nucleatum, and Aggregatibacter actinomycetemcomitans
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Table 1: Mean reduction in bactericidal effect of Galium Arsenic (Ga‑As) laser (λ=904nm) on P.gingivalis
Undiluted
Control
Cases

395±11.37
299.67±12.45

Dilution
1:10

Dilution
1:50

Dilution
1:100

321±21.23
201.67±16.42

228±24.97
101±12.69

140.33±32.22
26±12.39

P value
Wilcoxon signed rank test

Mann Whitney U test

<0.0001

<0.0001

Table 2: Mean reduction in bactericidal effect of Galium Arsenic (Ga‑As) laser (λ=904nm) on F.nucleatum

Control
Cases

Undiluted

Dilution
1:10

Dilution
1:50

Dilution
1:100

293.67±12.17
211.67±18.21

220.33±20.42
124.67±19.25

150.0±15.54
67.83±15.74

95±10.75
17.29±7.94

P value
Wilcoxon signed rank test
<0.0001

Mann Whitney U test
<0.0001

Table 3: Mean reduction in bactericidal effect of Galium Arsenic (Ga‑As) laser (λ=904nm) on P. intermedia

Control
Cases

Undiluted

Dilution
1:10

Dilution
1:50

Dilution
1:100

494.67±13.58
369.0±36.99

396.33±31.78
236.67±45.74

292.0±33.57
136.67±49.43

136.33±15.86
42.76±21.53

Table 4: Relative percentage reduction

P.gingivalis
F.nucleatum
P intermedia

CFU at
Baseline

CFU after laser
application

% Reduction

400
300
500

299.67
211.67
369

25.08%
29.44%
26.2%

CFU – Colony-forming unit

susceptible to killing by He‑Ne laser light following exposure
for 30 s. However, neither TBO nor methylene blue affected the
viability of organism in the absence of laser at the concentration
used (50 mg/ml). Thus, the bactericidal effect seen in their
study is mainly because of laser.[12]
In the present study, focus was laid on the bactericidal
effect of Ga‑As laser (λ = 904 mm) on three predominant
periodontopathic bacteria namely P. gingivalis, F. nucleatum,
and P. intermedia. In the present study, the mean reduction in
bacterial count obtained in control group when compared to
cases was not statistically significant. This suggests that dye
itself at the concentration (100 µg/ml) used has no significant
effect on viability of bacteria. However, it sensitizes the bacteria
to killing by laser irradiation.
Overall, the results reveal that periodontopathogenic bacteria
display a varying degree of sensitivity to PDT. One can
only speculate as to the possible reasons contributing to this
observation. Probably, different sensitiveness for the action of
Ga‑As laser radiation for the investigated strains of bacteria can
be assumed which may be determined by cell morphology of
various bacterial species.
It is also proposed that the kind of pigmentation of cell wall
especially determines the susceptibility of various bacterial
species to laser radiation.[7]
Since lethal photosensitization requires binding of sensitizer to
the cytoplasmic membrane of the target cell, such variation in
the susceptibility may be attributed at least in part to differences
in membrane binding and/or cell wall permeability.
372

P value
Wilcoxon signed rank test
<0.0001

Mann Whitney U test
<0.0001

Furthermore, surface components such as capsule,
fimbriae, and fibrils may protect the species by binding the
sensitizer. [12] Quantitative and qualitative differences in
the surface components of the three bacteria (P. gingivalis,
F. nucleatum, and P. intermedia) therefore may also have
contributed to their ranging susceptibility to lethal
photosensitization.
The nature of laser light also contributes to nonequal killing
rate of bacteria; the most important characteristics are its
wavelength, power output, exposure time, whether it is
delivered continuously or intermittently, and the diameter
of beam.[2] The low level of killing achieved by Ga‑As laser
radiation–TBO dye combination may be partially attributed
to the mismatch between the wavelength of light emitted by
laser (λ =904 mm) and the absorption maximum (632 mm) of the
dye (range 620–660 mm). Environmental factors of importance
include pH, color, thermal conductivity of water and organic
matter, and density of cell population which might have
overshadowed any accompanying photochemical‑induced
change.[2] Nitzan et al. in 1989 reported that culture media
can reduce photodynamic effect by binding porphyrins to the
substrate it contains before these can reach bacterial cells.[15]
In addition, the relatively reduced sensitivity of P. gingivalis
and P. intermedia might have been because of their ability
to counter the harmful effects of oxygen radicals generated.
Nonequal killing rates of bacterial group by laser have been
previously reported for neodymium‑doped yttrium aluminum
garnet, He‑Ne, CO2, Ar dye laser.[7,9,16]
In the present investigation, we have used CFU/ml as a
method of quantification for bacterial colonies. This method of
CFU quantification has been proved superior to the bacterial
viability test as well as to the inhibition zone analysis.[5]
1. PDT is a worthy candidate for novel antimicrobial therapy
aimed at the periodontal environment; nevertheless,
the slight reduction (25–30%) of bacteria suggest that
the complete elimination of bacteria from periodontal
pocket can obviously not be achieved using Ga‑As laser
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(λ = 904 nm) radiation. The antimicrobial effect of Ga‑As
laser radiation thus cannot substitute conventional
mechanical therapy but can act as adjunct to it without any
adverse effect.

4.

5.

CONCLUSION
Within the limitation of the present study, following
conclusions are drawn. Substantially, greater killing is achieved
with laser‑dye combination when compared to dye alone, and
quantitative reduction in the viable count of photosensitized
bacteria can be achieved using Ga‑As laser (l = 904nm)
at power output 11 mW for 60 s regardless of the type of
bacterial species. The results of the present investigation are
encouraging and hold promise for future implementation of
PDT in anti‑infectious treatment of periodontal disease.
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Abstract A thick gingival biotype is a requisite for
good periodontal health. It has important role in
resisting trauma and subsequent gingival recession.
The gingival thickness is a significant predictor of
clinical outcome of periodontal surgeries. Various
surgical procedures are used to increase the gingival
thickness. The present study incorporated the innovative step of placement of chorion membrane to
objectively evaluate the increase in thickness of
gingival biotype during periodontal pocket therapy.
The patients in age group between 25 and 45 years
with chronic periodontitis, indicated for flap surgery
were selected for the study. The sites with pocket
depth of 6–8 mm in the mandibular anterior teeth
were divided into test and control sites. Periodontal
flap surgery was carried at both the sites and chorion
membrane was placed at the test sites. The gingival
thickness measurement was assessed using a markings marked on injection needle, these markings were
read using digital vernier caliper, pre and post

operatively. The baseline values of gingival thickness
at test site (1.04 ± 0.19 at mid buccal region,
1.24 ± 0.20 at mid papillary) and control site
(0.94 ± 0.11 at mid buccal region, 1.14 ± 0.11 at
mid papillary region) showed no statistically significant difference. At test sites, 6 weeks post treatment
(1.36 ± 0.16 at mid buccal region and 1.48 ± 0.17 at
mid papillary region) as compared to control sites
(1.06 ± 0.11 at mid buccal region, 1.24 ± 0.11 at
mid papillary) showed statistically significant
increase in gingival thickness (p B 0.05*). The innovative step of placement of chorion membrane during
periodontal pocket therapy facilitated increase in the
gingival thickness in the areas with thin gingival
biotype.
Keywords Periodontics  Chorion membrane 
Ginigval biotype  Pocket therapy  GTR
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The term periodontal biotype is used by Seibert and
Lindhe, who classified the gingival as either thin or
thick, where thin corresponds to scalloped type and
thick to the flat (Seibert and Lindhe 1989). A thick
gingival biotype is a requisite for good periodontal
health. It has important role in resisting trauma and
subsequent gingival recession, enables tissue manipulation and promotes creeping attachment (Borghetti
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Abstract
Background: Currently, the most common therapy for periodontal diseases consists of professional scaling and root planing (SRP).
However, it was found to be of limited efficacy especially in areas which are inaccessible to periodontal instrumentation.
Therefore, treatment strategies using antimicrobials in conjunction with conventional therapy have evolved. Thus, the study was
undertaken with an. Aim: To evaluate the efficacy of application of chlorhexidine gel and curcumin gel as an adjunct to SRP.
Materials and Methods: The study was conducted on thirty chronic periodontitis patients who were divided into two groups as
control and experimental groups using a split‑mouth design. After SRP chlorhexidine gel was applied in control and curcumin gel
in experimental groups. The plaque index, gingival index, sulcus bleeding index, probing pocket depth were recorded at baseline
and subsequently after 1 month and 45 days. Results: The results revealed that both chlorhexidine gel and curcumin gel have
an effect on mild to moderate periodontal pockets in chronic periodontitis patients, but greater reduction was observed in the
experimental group than the control group. Conclusion: It can be concluded that both control and experimental gel can be used
as an adjunct to SRP, but the curcumin gel was more effective than the chlorhexidine gel in the treatment of mild to moderate
periodontal pockets with a significant reduction in the indice scores when compared to the baseline values.
Key words: Chlorhexidine gel, chronic periodontitis, curcumin gel, local drug delivery

INTRODUCTION
Periodontitis describes a group of related diseases resulting
in the destruction of the tissues that support the tooth.
The most common destructive disease of the periodontal
attachment apparatus is initiated by oral microflora.[1]
Scaling and root planing (SRP) remains the “gold standard”
treatment for periodontal diseases against which other
Access this article online
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treatments are compared. However, after nonsurgical
therapy, several deep periodontal pockets may persist
and in such cases, the treatment consists of surgical
procedures.[2] Since the systemic antibiotics therapy has
various disadvantages such as the development of resistant
bacteria and also requires higher dosage to attain required
gingival crevicular fluid concentration at the target site, this
led to use of local drug delivery system.[3]
This is an open access article distributed under the terms of the Creative
Commons Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows
others to remix, tweak, and build upon the work non‑commercially, as long as the
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As an antiseptic, chlorhexidine has been used effectively
for over 30 years in the treatment of periodontal disease.
It shows a broad spectrum of topical antimicrobial activity,
safety, effectiveness, substantivity, and lack of toxicity.
However, after prolonged use it may lead to undesirable
side‑effect such as the pigmentation of teeth and oral
tissues.[4]
Curcumin more commonly known as “Haldi” in its
various forms is a very auspicious element in many
religious ceremonies in Hindu families. Curcumin possesses
anti‑inflammatory, antioxidant, antimicrobial properties
along with its hepatoprotective, immunostimulant,
antiseptic, antimutagenic, and many more properties. It
is for this concern that promotion of curcumin in dental
terrain would prove beneficial.[5]

Methodology
Clinical examination

The required sample for the study was obtained from the
outpatient Department of Periodontics. After recording of
case history, clinical examination was carried out in a dental
chair. The intraoral periapical radiographs of the region
selected for the study were made. After fulfilling inclusion
and exclusion criteria patients with localized or generalized
chronic periodontitis cases were selected for the present
study. Clinical parameters such as PI, GI, sulcus bleeding
index, and pocket depth measurement were evaluated at
baseline (0 day), 30th day and 45th day.
Study groups

To evaluate the efficacy of subgingival application of
chlorhexidine gel and curcumin gel as an adjunct to SRP in the
treatment of mild to moderate (4–6 mm) periodontal pockets.

The selected thirty samples were randomly divided into
two groups using split mouth design namely Group I as
control and Group II as experimental group. Left side was
assigned for the control group (Group I) and right side for
the experimental group (Group II).
• Group I (control group): Thirty sites on the left side
were treated by SRP followed by chlorhexidine gel
placement in the periodontal pocket
• Group II (experimental group): Thirty sites on the
right side were treated by SRP followed by curcumin
gel placement in the periodontal pocket.

MATERIALS AND METHODS

Preparation of test materials
Chlorhexidine gel

In this study, an attempt has been made to evaluate and
compare the efficacy of gel containing curcumin and
chlorhexidine as an adjunct to SRP.
Aim

The study was carried out on thirty subjects who fulfilled
the inclusion and exclusion criteria of the study. Ethical
approval was obtained from the Institutional Review Board
before the commencement of the study. All potential
participants were explained the need and design of the
study. Only those subjects who consented by written
informed consent for the study were included.
Inclusion criteria

•
•
•
•
•
•

Age group of 25–50 years
Belonging to both sexes
Chronic periodontitis patients
Probing pocket depth (PPD) ≤5 mm
Gingival index (GI) (Loe and Silness 1963) score:
2.0–3.0
Plaque index (PI) (Silness and Loe 1964) score: 2.0–3.0.

Exclusion criteria

•
•
•
•
•
•

Subjects having taken antibiotics prior to or during the
trial
Patients on medication likely to induce gingival
enlargement
Pregnant or lactating women
Smokers
Tobacco chewers
Allergy to chlorhexidine gluconate and curcumin gel.

In Group I (control group) 0.2% chlorhexidine gel (Cervitec
Gel, Ivoclar Vivadent, Liechtenstein) was used.
The composition of chlorhexidine gel: 900 ppm F – and
0.2% chlorhexidine digluconate.
Ingredients: Aqua, hydroxyethyl cellulose, Laureth‑23,
chlorhexidine digluconate, sodium fluoride, aroma, sodium
saccharin.
Curcumin gel

In Group II (experimental group) 2% curcumin gel, the
experimental local drug delivery system (formulated by
KLES College of Pharmacy, Belgaum, Karnataka, India)
used in the study.
Curcumin powder: The curcumin powder (98% curcumin)
used in the study. The details of 98% curcumin are as
follows: Batch No.: C111860, AR No.: KL11I5373.
Preparation of 2% curcumin gel: Using pure curcumin
powder 2% curcumin gel was prepared in KLES College
of Pharmacy, Belgaum, Karnataka, India.
Procedure of periodontal therapy

Clinical examination was carried out and the baseline
values prior to the procedure were recorded by a single
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calibrated examiner and values were recorded on a
standardized form containing the demographic data
of the patient [Figure 1]. Scaling was performed by
piezoelectric ultrasonic SRP was performed by area
specific Gracey Curettes®. After thorough SRP, PPD
was re‑determined followed by the local drug delivery
in both control and experimental sites. In Group I,
the area was completely dried using oil free air syringe,
and then the site was isolated with cotton rolls to
prevent contamination from saliva. The local drug
delivery system consisting of 0.2% chlorhexidine gel
was placed in the periodontal pockets by applicator tips
or syringe with a needle attached to it [Figure 2a]. The
pocket opening was covered by Coe‑Pak to retain the
material in the pocket, as well as to prevent the ingress
of oral fluids.
Similarly, in Group II, the experimental site local drug
delivery system consisting of 2% curcumin gel was placed
in the periodontal pockets through a syringe with a needle
attached to it [Figure 2b]. The pocket opening was covered
by Coe‑Pak to retain the material in the pocket, as well as
to prevent the ingress of oral fluids.
The control and the experimental sites were again
checked for the probing depth at 30 th and 45 th day
[Figures 3a, b and 4a, b] respectively during follow‑up.

Statistical analysis

All data were entered into a standardized format and
analyzed to assess the efficacy of chlorhexidine gel
(Group I) and curcumin gel (Group II) at 30 days and
45 days using the SPSS 16.0 version IBM SPSS Statistics
16, SPSS South Asia, Bangalore, India). Mean of standard
deviation (SD) of parameters such as pocket depth, GI,
PI, and sulcus bleeding index was computed and then the
comparison between the study groups done using unpaired
t‑test. Within‑group comparison was made using paired
t‑test. Test of significance was set at P < 0.05.

RESULTS
The mean ± SD for GI from day 0 to 30 was 0.55 ± 0.31
and 0.94 ± 0.28 from day 0 to 45 for control group and
mean ± SD for GI from day 0 to 30 was 1.02 ± 0.38 and
1.79 ± 0.36 from day 0 to 45 for the experimental group.
Mean GI was significantly lower in experimental group when
compared with control group, with unpaired t‑test P < 0.001.
On intragroup comparison with paired t‑test, t value was 9.626
from day 0 to 30 and 17.890 from day 0 to 45 for the control
group and 14.529 from day 0 to 30 and 17.222 from day 0
to 45 for the experimental group with P < 0.001 [Table 1].
The mean ± SD for PI from day 0 to 30 was 0.74 ± 0.36
and 0.98 ± 0.35 from day 0 to 45 for control group and
mean ± SD for PI from day 0 to 30 was 1.2 ± 0.46 and
1.7 ± 0.50 from day 0 to 45 for experimental group. Mean PI
was significantly lower in experimental group when compared

a

b

Figure 2: (a and b) Photograph showing local drug delivery in control
site using 0.2% chlorhexidine gel and delivery in experimental site
using 2% curcumin gel
Figure 1: Photograph showing determination of pocket depth at
baseline

a

a

b

Figure 3: (a and b) Photograph showing determination of probing
pocket depth on 30th day in control site and experimental site
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b

Figure 4: (a and b) Photograph showing determination of probing
pocket depth on 45th day in control site and experimental site
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with control group, with unpaired t‑test P < 0.001. On
intragroup comparison with paired t‑test, t value was 11.227
from day 0 to 30 and 15.239 from day 0 to 45 for the control
group and 14.102 from day 0 to 30 and 18.559 from day 0
to 45 for the experimental group with P < 0.001 [Table 2].
The mean ± SD for Sulcular Bleeding Index (SBI) from
day 0 to 30 was 0.92 ± 0.41 and 1.09 ± 0.46 from day 0
to 45 for control group and mean ± SD for SBI from day
0 to 30 was 1.61 ± 0.40 and 2.09 ± 0.46 from day 0 to 45
for experimental group. Mean SBI was significantly lower
in experimental group when compared with control group,
with unpaired t‑test P < 0.001. On intragroup comparison
with paired t‑test, t value was 13.462 from day 0 to 30 and
14.653 from day 0 to 45 for control group and 25.862 from
day 0 to 30 and 25.630 from day 0 to 45 for experimental
group with P < 0.001 [Table 3].
The mean ± SD for PPD from day 0 to 30 was 0.9 ± 0.40
and 1.52 ± 0.46 from day 0 to 45 for control group and
mean ± SD for PPD from day 0 to 30 was 1.5 ± 0.57
and 2.31 ± 0.65 from day 0 to 45 for experimental group.

Mean PPD was significantly lower in experimental group
when compared with control group, with unpaired t‑test
P < 0.001. On intragroup comparison with paired t‑test,
t value was 12.245 from day 0 to 30 and 17.906 from day
0 to 45 for control group and 14.355 from day 0 to 30
and 19.530 from day 0 to 45 for experimental group with
P < 0.001 [Table 4].

DISCUSSION
Local delivery of antimicrobial agents has been investigated
for overcoming the limitations of conventional SRP
therapy. Recently, the use of sustained release formulations
to deliver antimicrobial agents to the site of infection in
periodontal pockets has become successful therapy.[5]
Chlorhexidine has long been known as an effective
anti‑inflammatory, antimicrobial agent, antiseptic
agent, and shown many other beneficial properties.
Recently, Indian traditional ayurvedic medicine like
curcumin (polyphenol‑rich natural product) has shown

Table 1: Gingival index mean values and intra‑group comparison of gingival index in Group I and Group
II from 0 to 45 days
Sites
Group I: Control
(mean GI±SD)
Group II: Experimental
(mean GI±SD)
t
P
Groups

Day 0

Day 30

Day 45

Difference from day 0 to 30

Difference from day 0 to 45

2.49±0.32

1.94±0.27

1.56±0.23

0.55±0.31

0.94±0.28

2.61±0.34

1.59±0.31

0.82±0.36

1.02±0.38

1.79±0.36

1.322
0.191

4.633
<0.001*
0-30 days

9.348
<0.001*

5.143
<0.001*

10.083
<0.001*

Group I
t
P
Group II
t
P

0-45 days

9.626
<0.001*

17.890
<0.001*

14.529
<0.001*

17.222
<0.001*

*Statistically significant. GI: Gingival index, SD: Standard deviation

Table 2: Plaque index mean values and intra‑group comparison of plaque index in Group I and Group II
from 0 to 45 days
Sites
Group I: Control
(mean GI±SD)
Group II: Experimental
(mean GI±SD)
t
P
Groups
Group I
t
P
Group II
t
P

Day 0

Day 30

Day 45

Difference from day 0 to 30

Difference from day 0 to 45

2.66±0.32

1.92±0.45

1.68±0.40

0.74±0.36

0.98±0.35

2.65±0.46

1.45±0.35

0.95±0.33

1.2±0.46

1.7±0.50

0.098
0.923

4.416
<0.001*
0-30 days

7.688
<0.001*

4.235
<0.001*

6.470
<0.001*

0-45 days

11.227
<0.001*

15.239
<0.001*

14.102
<0.001*

18.559
<0.001*

*Statistically significant. GI: Gingival index, SD: Standard deviation
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Table 3: Sulcus bleeding index mean values and intra‑group comparison of sulcus bleeding index in
Group I and Group II from 0 to 45 days
Sites
Group I: Control
(mean GI±SD)
Group II: Experimental
(mean GI±SD)
t
P
Groups

Day 0

Day 30

Day 45

Difference from day 0 to 30

Difference from day 0 to 45

20.69±0.53

10.77±0.53

10.6±0.56

00.92±0.41

10.09±0.46

20.82±0.36

10.22±0.35

00.73±0.45

10.61±0.40

20.09±0.46

1.165
0.249

4.742
<0.001*
0-30 days

Group I
t
P
Group II
t
P

6.586
<0.001*

6.514
<0.001*
0-45 days

13.462
<0.001*

14.653
<0.001*

25.862
<0.001*

25.630
<0.001*

8.599
<0.001*

*Statistically significant. GI: Gingival index, SD: Standard deviation

Table 4: Probing pocket depth mean values and intra‑group comparison of probing pocket depth in
Group I and Group II from 0 to 45 days
Sites
Group I: Control
(mean GI±SD)
Group II: Experimental
(mean GI±SD)
t
P
Groups
Group I
t
P
Group II
t
P

Day 0

Day 30

Day 45

Difference from day 0 to 30

Difference from day 0 to 45

50.63±0.67

40.73±0.64

40.11±0.58

00.9±0.40

10.52±0.46

50.46±0.86

30.96±0.72

30.15±0.63

10.5±0.57

20.31±0.65

0.838
0.406

4.365
<0.001*
0-30 days

6.161
<0.001*

4.696
<0.001*
0-45 days

12.245
<0.001*

17.906
<0.001*

14.355
<0.001*

19.530
<0.001*

5.489
<0.001*

*Statistically significant. GI: Gingival index, SD: Standard deviation

strong anti‑inflammatory and antioxidant properties.[6] To
overcome the shortcomings of chlorhexidine and also
to evaluate the efficacy of ayurvedic herbal medicine like
curcumin in periodontal treatment present study was
designed and carried out in a systematic way.
The GI score showed significant reduction for both the
treatment groups. Previous studies by Rams TE et al.[7]
and Rodrigues et al.[8] also shown reduction in gingival
inflammation with chlorhexidine gel which was similarly
observed in our study.
Reduction in gingival inflammation was observed in our
study. A significant reduction was seen 30th day and 45th day
as compared to chlorhexidine group which was similar
to the previous studies carried out by Behal R et al.[9] and
Gopinath V et al.[10] who used 2% curcumin gel as a local
drug delivery system. Thus, the greater significant reduction
of GI score in the experimental sites (curcumin) in our
study could be due to the anti‑inflammatory, antibacterial,
antioxidant properties of curcumin.
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Reduction in plaque was better in curcumin group as
compared to chlorhexidine group at all the follow‑up
periods and which were similarly observed with previous
studies by Kuru et al.,[11] Lawande et al.[12] and Khan and
Antony.[13] The greater significant reduction of PI score
in the experimental sites (curcumin) in our study could
be due to the anti‑plaque property of curcumin.[12] The
total curcuminoids content showed better antibacterial
as well as antifungal activity against important bacteria
Escherichia coli, Enterobacter aerogenes, and Pseudomonas
aeruginosa and two fungi Aspergillus niger and Candida
albicans as compared to volatile oil extracted from
curcumin.
Reduction in sulcus bleeding index score was better in
curcumin group as compared to chlorhexidine group at
all the follow‑up periods from immediate to 45 days and
which were similarly observed with previous studies by
Birang R et al.,[14] Mali AM et al.[15] The reduction in bleeding
index score at the experimental site (curcumin) may be due
to its anti‑inflammatory action.
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Reduction in PPD score was better in curcumin group
as compared to chlorhexidine group at all the follow‑up
periods from immediate to 45 days and which were similarly
observed with previous studies by Kondreddy et al.[16,17]
The greater significant reduction of PPD score in the
experimental sites (curcumin) in our study could be due
to the antimicrobial action of curcumin.
Less literature is available on curcumin gel as a local drug
delivery system in the treatment of chronic periodontitis.
To the best of our knowledge, curcumin gel used as a
local drug delivery system is based on its bioadhesive
and other various properties such as anti‑inflammatory,
antiseptic, antibacterial, antimutagenic, anticarcinogenic,
hepatoprotective, healing properties, it is also well accepted
by all the subjects of our study without any side effects.
Curcuma longa’s anti‑inflammatory properties may be
attributed to its ability to inhibit both biosyntheses of
inflammatory prostaglandins from arachidonic acid and
neutrophil function during inflammatory states.
Limitations of the present study were lesser sample size,
short‑term follow‑up and microbiological evaluation
was not done as it was taken as a pilot study. To use the
curcumin gel as a local drug delivery system, further
long‑term studies with a larger sample size are required
to analyze its clinical and microbiological efficacy in
comparison to other available marketed local drug delivery
products in the treatment of chronic periodontitis.

2.

3.

4.

5.
6.

7.
8.

9.

10.

11.

CONCLUSION

12.

It can be concluded that both chlorhexidine gel and
curcumin gel can be used as an adjunct to SRP, but the
curcumin gel has shown to be more effective than the
chlorhexidine gel in the treatment of mild to moderate
periodontal pockets.
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ABSTRACT

INTRODUCTION

Background: Streptococcus mutans (ATCC25175) has a
profound effect on the incidence of dental decay in the human
population. Many studies have been performed to assess the
antimicrobial activity of different cements. However, little or
no information is available about the antibacterial properties
of Type II glass ionomer cement (GIC), Type IX GIC, and
AMALGOMER™ ceramic reinforcement (CR).

Dental caries is a multifactorial local disease which
involves destruction of the hard tissues of the teeth
by metabolites produced by oral microorganisms. The
uniqueness of dental caries makes it a fascinating study
from a scientific standpoint.1
Streptococcus mutans has a profound effect on the
incidence of dental decay in the human population.
Under less severe sucrose exposure, the metabolic activity
of S. mutans can potentiate the postprandial pH drop at
the plaque–enamel interface, thereby interfering with
the normal salivary remineralizing system and leading
eventually to dental decay.
Several studies have been performed to assess the
antimicrobial activity of different cements. 2,3 However, little or no information is available about the comparison of antibacterial properties of Type II glass
ionomer cement (GIC Type IX, GC Corporation, Tokyo,
Japan, and AMALGOMER CR, Advanced Health Care,
Tornbridge, United Kingdom.
The aim of the present study was to evaluate and
compare the antibacterial efficacy of Type II GIC, Type IX
GIC, AND AMALGOMER™ CR by modified direct
contact test at 1-, 3-, and 7-day intervals.

Aim: To comparatively evaluate the antibacterial activity of
Type II GIC, Type IX GIC, and AMALGOMER™ CR by modified direct contact test.
Materials and methods: The total sample size was 72 which
was divided into four study groups. Six wells were coated by
each: Type II GIC, Type IX GIC, AMALGOMER™ CR, and
control group (only S. mutans). Statistical analysis was done
using analysis of variance and the intergroup comparison was
done using post hoc Tukey test.
Results: AMALGOMER™ CR was found to have a better
antibacterial effect as compared with Type II and IX
GIC.
Conclusion: AMALGOMER™ CR can serve as a valuable cement in pediatric dentistry due to its anticariogenic
property.
Keywords: AMALGOMER™ CR, Glass ionomer cement,
Modified direct contact test, Streptococcus mutans.
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MATERIALS AND METHODS
This in vitro study was conducted in the Department of
Pedodontics and Preventive Dentistry at KLE Vishwanath
Katti Institute of Dental Sciences, Belagavi. Samples were
processed in the KLE Dr Prabhakar Kore Basic Research
laboratory of KLE University, Belagavi.

Procedure
The samples were processed by modified direct contact
test on 96-well microplates (Fig. 1). Direct contact test is
based on determining the turbidity of microbial growth in
microplates.4 Facultative strains of S. mutans were grown
on brain heart infusion (BHI) agar. Microorganisms were
subcultured in appropriate culture media and under
gaseous conditions to confirm their purity. Facultative
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strain was inoculated individually into tube containing
5 ml of sterile saline. The suspension was then adjusted
to 0.5 McFarland scale = 1.5 × 108 colony-forming units
(CFU) spectrophotometrically at 630 nm. A 96-well
microtiter plate was held vertically, and an area of fixed
size on the wall of the six wells was coated with an equal
amount of each material by using a cavity liner applicator.
The materials were mixed in strict compliance with the
manufacturers’ recommendations.
A 10 µl (approx 107) bacterial suspension was placed
in the coated wells (row A). After incubation for 1 hour
in humidity at 37°C, the suspension liquid evaporated,
ensuring direct contact between S. mutans and surface
of tested material. Brain heart infusion broth (245 µl)
was added to each of the wells and the plates were
gently vortex-mixed for 2 minutes; 15 µl of bacterial
suspension was then transferred from wells into an
adjacent set of wells containing fresh medium (215 µl)
and again mixed for 2 minutes. The kinetics of bacterial
outgrowth in each well of rows A and B was measured
at 630 nm using a microplate spectrophotometer
(ELISA reader) (Fig. 2). Densitometric readings were
taken hourly for 15 hours and with each set of samples.

Sample size for each material is 72 as the experiment is
triplicated. Similar experimental procedures were carried
out in which the tested material was allowed to age for
1st, 3rd, and 7th day in phosphate-buffered saline.

The wells were coated with freshly mixed tested material
by using a cavity liner applicator. After 10 minutes, 10 μl
bacterial suspension (108 CFU) was placed on the test
material. Wells were inspected for evaporation of the
suspension’s liquid, which occurred within 1 hour at
37°C. Brain heart infusion agar (245 μl) was added to each
of these wells and gently mixed for 2 minutes; 15 μl of broth
was then transferred from subgroup 1 wells to an adjacent

Fig. 1: Microplate

Fig. 2: Microplate spectrophotometer

Fig. 3: Type II glass ionomer cement

Fig. 4: Type IX glass ionomer cement

Study Groups
The samples were divided into four experimental groups:
Group 1 (control group): Six wells containing S. mutans
Group 2: Six wells coated with Type II GIC (Fig. 3)
Group 3: Six wells coated with Type IX GIC (Fig. 4)
Group 4: Six wells coated with AMALGOMER™ CR
(Fig. 5).

EXPERIMENTAL DESIGN

International Journal of Clinical Pediatric Dentistry, April-June 2016;9(2):114-117

115

Shivayogi M Hugar et al

Fig. 5: AMALGOMER™ CR

set of subgroup 2 wells that already contained fresh BHI
medium (215 μl). Plate was placed for incubation at 37°C.
Optical density readings were taken after 1 hour, 1st, 3rd,
5th, and 7th day in each well measured at 630 nm.

Statistical Analysis
The data obtained were entered in Microsoft Excel
sheet and all scores were calculated. Data analysis was
done using Statistical Packages for the Social Sciences
(SPSS) for windows 16.0 (SPSS Inc. Chicago, IL, USA).
Analysis of variance with repeated measures was done
to indicate differences between the experimental groups
and the control group followed by post hoc Tukey test for
intergroup comparison.

RESULTS
In the present study, AMALGOMER™ CR showed the
maximum amount of antibacterial activity followed
by Type II GIC. Type IX GIC had the least antibacterial
property against S. mutans as compared with the other
two cements (Table 1). The results were statistically
significant for AMALGOMER™ CR and Type II GIC.

DISCUSSION
Secondary caries is a localized lesion occurring around
restorations that is identical in etiology and histology
to primary caries. Secondary caries process is difficult

to diagnose and cannot be permanently treated by
operative management. One method for reducing the
frequency and severity of this issue is the use of fluoridecontaining restorative materials.5 Glass ionomer cements
have proven antibacterial activity against S. mutans,
S. oralis, S. salivarius, and Streptococcus species. Clinical
experience has indicated that very few or no secondary
carious lesions are observed around the glass ionomer
restorations.6
Gothenburg in June 2003 in his presentation at the
International Association for Dental Research described
AMALGOMER CR, Advanced Health Care, Tornbridge,
United Kingdom complies with not only international
standards for GIC, but with the standards for amalgam
as well. 7 It is manufactured by special process of
improvization and treatment of the main glass ionomer
components, fluoroaluminosilicophosphate glass and
polyalkenoic acids.
The agar diffusion test (ADT) used to be the most
commonly applied method to assess the antimicrobial
activity of various cements. However, the limitations of
this method are well recognized nowadays, and therefore,
ADT is no longer a recommended method.2,8,9 A direct
contact test which circumvents many of the problems
of ADT was first introduced by Weiss et al. The test is
quantitative and reproducible that allows testing of
insoluble materials and can be used in standardized
settings.4 The direct contact test may be a more suitable
test than the ADT to evaluate antibacterial properties
of definitive cements. Also, this test simulates the oral
conditions unlike ADT. The method also allows for better
control of possible confounding factors compared with
ADT. It is essential to test the materials immediately
after mixing and also after a period of time when it
assumes its final chemical structure as release of various
transitory and permanent products takes place. Both
conventional and the resin-modified glass ionomers
have been shown in vitro to reduce artificial caries and
in vivo10 to remineralize carious lesions11 and to enhance
fluoride uptake by underlying dentin.12 The difference in
antimicrobial patterns of various materials may depend
upon the degree of setting. Hence, the antibacterial
efficacy was evaluated at 1st, 3rd, and 7th day after mixing
the cements.

Table 1: Mean optical density of control group, Type II GIC, Type IX GIC, and AMALGOMER™ CR at 1st, 3rd, and 7th day
Control group (Group 1)
Type II GIC (Group 2)
Type IX GIC (Group 3)
AMALGOMER™ CR (Group 4)
Mean OD
SD
Mean OD
SD
Mean OD
SD
Mean OD
SD
Day 1
0.1068
0.0994 0.0924
0.0221 0.0971
0.0321 0.0811
0.0673
Day 3
0.0813
0.0430 0.0923
0.0285 0.1070
0.0342 0.1058
0.0770
Day 7
0.1539
0.0487 0.1240
0.0309 0.1601
0.0447 0.1210
0.0581
p-value
0.993
0.030*
0.828
0.014*
*p <0.05 (statistically significant); OD: Optical density; GIC: Glass ionomer cement; SD: Standard deviation. Post hoc Tukey test was
applied for intergroup comparison
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CONCLUSION
All the test materials exhibited antibacterial activity against
S. mutans, but to varying degrees. AMALGOMER™
CR was the most effective as compared with Type II and
IX GIC at the end of 7 days. The antibacterial efficacy
decreased over 3rd and 7th day. The antibacterial efficacy
of AMALGOMER™ CR was the best followed by Type II
and IX GIC.

REFERENCES
1. Gordon, N. Understanding dental caries. 1st ed. Vol. 1. Basel:
Karger Publications; 1985.
2. Coogan MM, Creaven PJ. Antibacterial properties of eight
dental cements. Int Endod J 1993 Nov;26(6):355-361.
3. Lewinstein I, Matalon S, Slutzkey S, Weiss EI. Antibacterial
properties of aged dental cements evaluated by direct-contact
and agar diffusion tests. J Prosthet Dent 2005 Apr;93(4):364-371.
4. Weiss EI, Shalhav M, Fuss Z. Assessment of antibacterial
activity of endodontic sealers by a direct contact test. Endod
Dent Traumatol 1996 Aug;12(4):179-184.
5. Pretty IA, Smith PW, Edgar WM, Higham SM. Detection
of in vitro demineralization adjacent to restorations using

6.

7.
8.

9.

10.

11.

12.

quantitative light induced fluorescence. Dent Mater 2003
Jul;19(5):368-374.
Gabriela LSF, Freires IDA,Alves LA, Jovito VdeC, de Carvalho FG,
de Castro RD. Antibacterial activity of glass ionomer cements
on cariogenic bacteria—an in vitro study. Int J Dental Clin 2011
Jul-Sep:3(3):1-3.
Billington R. Glass ionomer come of age. Dentist 2004;June:2-3.
Zhang H, Shen Y, Ruse ND, Haapasalo M. Antibacterial
activity of endodontic sealers by modified direct contact test
against Enterococcus faecalis. J Endod 2009 Jul;35(7):1051-1055.
Topcuoglu N, Ozan F, Ozyurt M, Kulekci G. In vitro
antibacterial effects of glass-ionomer cement containing
ethanolic extract of propolis on Streptococcus mutans. Eur J
Dent 2012Oct;6(4):428-433.
Dunne SM, Goolnik JS, Millar BJ, Seddon RP. Caries inhibition
by a resin-modified and a conventional glass ionomer cement,
in vitro. J Dent 1996 Jan-Mar;24(1-2):91-94.
ten Cate JM, van Duinen RN. Hypermineralization of dentinal
lesions adjacent to glass-ionomer cement restorations. J Dent
Res 1995 Jun;74(6):1266-1271.
Mukai M, Ikeda M, Yanagihara T, Hara G, Kato K, Nakagaki H,
Robinson C. Fluoride uptake in human dentine from glassionomer cement in vivo. Arch Oral Biol 1993 Dec;38(12):
1093-1098.

International Journal of Clinical Pediatric Dentistry, April-June 2016;9(2):114-117

117

[Downloaded free from http://www.jnsbm.org on Tuesday, September 27, 2016, IP: 182.48.229.198]

Origi na l A r tic le

Influence of socioeconomic and working status
of the parents on the incidence of their children’s
dental caries
Niraj Gokhale,
Sivakumar Nuvvula1

Department of Pedodontics and Preventive Dentistry, KLE’S VK Institute of Dental Sciences, Belagavi,
Karnataka, 1Department of Pedodontics and Preventive Dentistry, Narayana Dental College, Nellore,
Andhra Pradesh, India
Address for correspondence:
Dr. Niraj Gokhale, Department of Pedodontics and Preventive Dentistry, KLE’S VK Institute of Dental
Sciences, Nehru Nagar, Belgavi - 590 010, Karnataka, India. E-mail: neerajpedo@gmail.com

Abstract
Background and Objective: In the contemporary scenario of both parents employed, there seems to be limited focus on the
dietary habits and dental health of their children. Hence, we attempted to correlate the socioeconomic and working status of the
parents to the incidence of their children’s dental caries. Materials and Methods: One thousand school children aged between
3 and 12 years were enrolled in the study. Socioeconomic and working status of their parents was obtained by a pretested
questionnaire following which these children were examined for their dental caries status. The data collected were statistically
analyzed using logistic regression analysis and calculation of odds ratio. Results: A significant correlation was observed between
working status of the parents and dental caries status of their children. Though, the socioeconomic status and dental caries had
a weak correlation, the odds ratio was high, indicating that the children of lower socioeconomic status or family with both parents
employed were at a higher risk for dental caries. Conclusion: Efforts are needed to implement programs at the school level to
enhance the oral and dental health among children, as parental responsibilities toward this maybe inadequate due to economic
or time constraints.
Key words: Dental caries, parents, socioeconomic status, working status

INTRODUCTION
Physical and emotional health, cognitive development,
as well as social functioning in children are strongly
influenced by the social status and functioning of their
family. A family’s functioning reflects its composition
and the characteristics of its members, their talents,
disposition, and daily activities. Social status is reported to
be a powerful determinant to affect child’s health. However,
the mechanisms by which social status might influence
Access this article online
Quick Response Code:

Website:
www.jnsbm.org

health remain underspecified. By and large, three measures
of social status as predictors of adverse health outcomes
are assessed, i.e., income, education, and occupation or a
combination of these factors.[1]
In addition to the social status, the quality of time parents
dedicate toward upbringing their child/children can
also impact health and developmental outcomes. This
is specifically relevant in developing good oral hygiene
practices among children.[2] A comprehensive review of the
literature revealed, lack of adequate information, on the
This is an open access article distributed under the terms of the Creative
Commons Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows
others to remix, tweak, and build upon the work non‑commercially, as long as the
author is credited and the new creations are licensed under the identical terms.
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effect of working and socioeconomic status of the parents
on the dental caries of the children. Hence, this study was
conducted with the objective of correlating the working
and socioeconomic status of parents with the dental caries
status of their children.

from families, where both parents were employed had
significantly (P = 0.0170) increased the prevalence of
caries in primary dentition [Table 1a] and the odds ratio
showed a higher risk for caries in permanent dentition
[Table 1b].

MATERIALS AND METHODS

DISCUSSION

Nellore district, according to 2011 census has a total
population of 29,63,557. To calculate the sample size
with the confidence level being set at 99% and confidence
interval of ± 4.5 the sample size needed was 822. However,
considering the drop outs a sample of 1000 children was
taken. Sample size formula used was

Prevalence of dental caries is on the rise, in many developing
countries. In India, the National Oral Health Survey and
Fluoride Mapping found a high prevalence (51.9%) of
caries in primary dentition of 5-year-old children.[5]

Where:
Z = Z value (99% confidence level).
p = percentage picking a choice, expressed as decimal.
c = confidence interval, expressed as decimal.
Thus, 1000 school going children aged 3-12 years from
various schools in Nellore District, Andhra Pradesh, India,
were randomly selected for this study. The study was
approved by the institutional ethics committee. Pretested
questionnaire forms to be filled by parents were distributed
to the children. Questions regarding the socioeconomic
and the working status of the parents were included; the
socioeconomic division was based on the Kuppuswamy
classification.[3] The selected children were examined by a
single calibrated examiner (principal investigator) for dental
caries, using the criteria as given by Klein et al.,[4] and the
caries were recorded onto a standardized density functional
theory and dynamical mean field theory recording form
by a trained assistant.
Data analysis

The data collected was analyzed with the SPSS software 18.0
version (IBM SPSS Statistics 18, SPSS South Asia, Bangalore,
India), using multiple logistic regression analysis, odds ratio
and Chi-square test with the level of significance set at 0.05.

RESULTS
Out of the 1000 children examined, 443 (44.3%) were boys
and 557 (55.7%) were girls. Out of the 1000 respondent
parents, 701 (70.1%) were both working, whereas 299
(29.9%) were with only one parent working. Children

Dental caries is multifactorial, but the two main factors that
can have a devastating effect on oral health of children are
the social status and the parental care. The socioeconomic
status will have an impact on the knowledge and attitude
of parents[3] and hence, can impact parental care. In
the present study, children of higher socioeconomic
group were at a lower risk of caries (6.4%), which was
evident by the odds ratio; however, children from lower
socioeconomic status family showed a greater risk for
developing dental caries (46%), which is consistent with
previous reports.[6,7]
Individuals from lower socioeconomic status experience
financial, social, and material disadvantages. The access to
healthy environment, social resources such as medical and
dental care is compromised. This, together with fatalistic
beliefs about their health and lower perceived need for
dental care, leads to neglected self-care, and lower utilization
of preventive health services.[8-10] Socioeconomic status is
such a robust finding that it is a “critical determinant of
health” and has been emphasized to be included in planning
interventions.[11,12] However, in India, access to dental care
varies among children.[13]
Table 1a: Representation of working and
socioeconomic status of parents and decayed
filled teeth of their children
Variables

Estimate

Working status
Socio economic
status

−0.4024
0.0471

SE

OR

Z

P

0.1684 0.6687 −2.3900 0.0170*
0.0905 1.0482 0.5200 0.6030

SE: Standard error, OR: Odds ratio

Table 1b: Representation of working and
socioeconomic status of parents and decayed
missing filled teeth of their children
Variables

Estimate

Working status
Socio economic
status

0.0096
−0.0673

SE

OR

Z

P

0.1779 1.0096 0.0500 0.9570
0.1007 0.9349 −0.6700 0.5040

SE: Standard error, OR: Odds ratio
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Economic status has significant influences on a child’s
development. The income of parent or parents directly
influences the quality of care and the quality of life a
child has. Although parental employment will fulfill the
basic needs of a child, nevertheless, when both parents
work, they must seek nonparental care of some type
including day-care, care by extended family, or self-care.[14]
When both the parents are employed, they hardly find
time to spare for their children and to look after their
general health and specifically the oral health care.[15] In
the present study, the children from families, where both
parents were employed had increased caries prevalence,
which was statistically significant for primary dentition
(P = 0.0170) and the odds ratio showed higher risk for
caries in permanent dentition. Hence, better attention
should be paid to the child’s oral health and the parents
must try to strike a balance between work and providing
care to their children.

Conflicts of interest

Limitations of the study

7.

1. As this is a questionnaire based study, the parents
may try to under report the facts, which is the main
drawback of questionnaire-based studies.
2. Only the representative population from different areas
of the district was enrolled, and the entire population
was not studied, as this is a cross-sectional study.
Hence, a study with the inclusion of entire population
should be taken up to assess the association of the
working and socioeconomic factors of the parents on
dental caries in their children.

The children of lower socioeconomic status and children
with both the parents employed or working had increased
the risk to dental caries. Efforts by the government
and nongovernmental organizations are obligatory to
implement programs at the school level to enhance oral
and dental health care among children.
Nil.
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Abstract
A traumatic injury to primary maxillary anterior tooth is one of the common causes for problems with the succedaneous tooth
leading to it noneruption. A missing anterior tooth can be psychologically and socially damaging to the patient. Despite a wide
range of treatment options available, sometimes, it is inevitable to save the natural tooth. This paper describes the immediate
replacement of a right central incisor using a fiber-composite resin splint with the natural tooth crown as a pontic following surgical
extraction of the dilacerated impacted permanent maxillary central incisor. The abutment teeth can be conserved with minimal
or no preparation, thus keeping the technique reversible and can be completed at chair side thereby avoiding laboratory costs. It
can be used as an interim measure until a definitive prosthesis can be fabricated as the growth is still incomplete.
Key words: Biologic restoration, dilaceration, fiber-composite, replantation

INTRODUCTION
Injury in primary dentition causes a lasting damage to
the permanent teeth. There is an incidence of 23-69%
of developmental disorders to the succedaneous teeth
following any injury to the primary teeth.[1,2] The damage
that occurs can range from a coronal changes in color and
shape to gross deformity or malformation of the radicular
portion.[3] Dilaceration of the root is one of the most
common sequelae, wherein the tooth fails to erupt as the
root and crown develop at an angle. Lateral or vestibular
bending is observed.[4]
The most common time of injury is 3-4 years when the
crown portion of the permanent tooth is mineralized, and
root formation is in its initial stages thus, causing these
problems in root formation.[1] Radiographic diagnosis
immediately after injury does not provide any evidence
of development of root, dilacerations, or change in
Access this article online
Quick Response Code:
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angulation.[1,3] A close monitoring of the tooth development
and the progress in its eruption needs to be assessed.[1]
If there is stagnation in the tooth development or any
periapical changes, then surgical intervention is advised.
In such cases, if the tooth is displaced, then surgical
repositioning or tooth transportation or a combination of
surgical intervention followed by orthodontic correction
is attempted if possible.[5] Majority of the times, various
epidemiological surveys have stated that patient is taken
to a dentist only due to a missing tooth or not at all. In
most of the situations, the root is malformed or the root
formed is ceased prematurely. The preferred therapy is to
surgically extract the permanent dilacerated tooth followed
by a space maintainer so that a more definitive treatment
can be provided when the patient’s growth is complete.
Alternative to this is orthodontic intervention either to
This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 3.0
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work non-commercially, as long as the author is credited and the
new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com
How to cite this article: We will update details while making issue online***

DOI:
***

1

© 2016 Journal of Natural Science, Biology and Medicine | Published by Wolters Kluwer - Medknow

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Dhariwal, et al.: Interim prosthesis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

close the space or maintain the space for further prosthetic
rehabilitation depending on the case providing the best
possible treatment available.[6,7]
Use of removable functional space maintainer as an interim
restoration that needs periodic adjustment according to
the progressive jaw growth over the period of time is
unsatisfactory for logopedic and psychological reasons.[1]
For this reason, in the present case report, the impacted
permanent maxillary right central incisor was surgically
extracted and the natural crown of the tooth was used as
a semi-permanent prosthetic restoration.

CASE REPORT
An 11-year-old Asian male reported to the Department
of Pedodontics and Preventive Dentistry with a chief
complaint of missing upper anterior teeth for 5 years
[Figure 1]. Detailed history revealed that there was a history
of trauma due to fall while playing when the boy was
6 years old as a result of which, he lost his upper primary

right central incisor. After which the boy was taken to the
local doctor and on examination was informed that the
permanent tooth would erupt subsequently. Other history
was noncontributory.
Extraoral examination did not reveal any abnormality.
Intraoral examination was done wherein soft tissue
examination showed normal gingival appearance and
contours. Hard tissue examination: Teeth present
[Figure 2].
16 55 54 5312 __ 21 22 63 64 65 26
46 85 44 43 42 41 31 32 33 34 75 36
64, 65 were grossly decayed and occlusal caries with 54,
55, 75, and 85.
On palpation, a prominence was felt in the maxillary labial
vestibule near the frenal attachment with a palatal bulge
on the right side.
Following the clinical examination, an intraoral periapical
(IOPA) radiograph was prescribed of the missing central
incisor region. It showed the presence of a dilaceration
of the right maxillary central incisor with no root visible
and IOPA was taken to localize the tooth [Figure 3]. The
IOPA radiograph taken could not conclusively localize
the root of the tooth hence, a maxillary occlusal and
orthopantomograph [Figure 4] was further advised to
confirm the findings of the IOPA. It was found that the
tooth was dilacerated with crown inverted directed in the
apical direction.

Figure 1: Preoperative extraoral photograph

Figure 2: Preoperative intraoral photograph

Figure 3: Intraoral periapical with 11

Figure 4: Orthopantomograph
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An orthodontic opinion was taken, and the treatment plan
was decided based on the diagnosis made of an impacted
dilacerated right maxillary central incisor secondary
to trauma. Surgical extraction was planned followed
by biologic restoration using the same tooth. Surgical
extraction was planned as the tooth could not be aligned
back into the arch due to the dilaceration and correcting
the inversion.
Technique
Initial treatment

Oral prophylaxis was done followed by restoration of 54,
55, 75, and 85 and pit and fissure sealant with 16, 26, 36,
and 46 was done and extraction with 64, 65 under 2% local
anesthesia with 1:80,000 adrenaline.
Surgical extraction of 11 [Figures 5-7]

After taking informed consent from the parents,
surgical extraction was planned with 11 followed by
the use of the crown as an interim prosthesis. After
the surgical extraction, postoperative instructions
were given. The patient was recalled after a week for
follow-up.

The crown portion of the tooth was stored in saline. The pulp
tissue was removed, and pulp chamber was cleaned with sodium
hypochlorite and saline. The tooth was dried and etched, bonded
and filled with composite, and access cavity was sealed.
After 1 week, the sutures were removed, still some amount
of soft tissue healing was remaining; hence, the prosthetic
restoration was deferred for another week, and the patient
was advised gum massaging and oral hygiene instructions
were reinforced. On the subsequent appointment, biologic
restoration was planned.
Customization of the natural tooth [Figure 8]

The extracted tooth was rinsed with normal saline and
trimmed to in the horizontal plane maintaining the
contours of the tooth up to the cementoenamel junction
to match the adjacent teeth contacts and contours.
The natural tooth was etched, bonded, and interlig fiber
splint were measured and fixed to the tooth on the lingual
surface in the middle third of the tooth with flowable lightcure composite. The tooth along with the fiber splint was
checked in the patient’s mouth [Figure 8].
The splint was fixed with flowable light-cure composite
on the adjacent teeth (12,21,22) on the lingual side in

Figure 5: Surgical exposure of 11

Figure 6: Reflecting the buccal flap and sectioning the tooth

Figure 7: Extraction of the sectioned tooth crown

3

Figure 8: The tooth in position with interlig fiber composite splint
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the middle third after etching and bonding. Finishing
and polishing were done. Postoperative occlusion and
esthetics were checked [Figures 9 and 10]. Excess material
was trimmed. Postoperative oral hygiene instructions were
reinforced and the patient was advised soft diet and strict
instructions to avoid biting anything hard from the front
teeth were given. The regular follow-up of the patient is
been done to monitor the patient, and the oral hygiene
maintenance is reinforced.

DISCUSSION
Although the impacted maxillary incisor occurs less
frequently, it brings concerns to parents in the early mixed
dentition because of noneruption of the tooth. Several
reports have successfully treated impacted maxillary
anterior teeth by proper crown exposure surgery and
orthodontic traction. [5] However, impaction with a
severely dilacerated root is seldom reported, especially the
maxillary incisor. It is probably because of the high clinical
difficulty of bringing the dilacerated tooth into position;
most patients probably would choose extraction with the
replacement of prosthesis instead. As in the present case,
the different angulations of radiographs were used to assess
the alignment of tooth which failed to determine the exact
positioning of the root with respect to the crown and also
the downward crown angulation with labiolingual reversal
of the crown clearly indicating extraction as the treatment
of choice followed by prosthetic rehabilitation.
The restoration of a smile is one of the most appreciating
and gratifying services a dentist can render. The expression
“biological restoration” was coined by Santos and Bianchi
in 1991.[8] Using the natural tooth as a pontic offers the
benefits of being the right size, shape, and color. Moreover,
the positive psychological value to the patient in using his
or her natural tooth is an added benefit. When the crown
of the tooth is in good condition, it can be temporarily
bonded easily to the adjacent teeth with light-cured
restorative material.

Figure 9: Intraoral postoperative photograph

At present, there is no standard treatment procedure
for the replacement of permanent anterior teeth that
are lost because of trauma, especially in cases that occur
before cessation of growth. While removable appliances
or prostheses seem to be one suitable treatment option,
patient compliance is generally a major problem, besides
compromised esthetics because of canine clasps that
are commonly used to provide stability and to enhance
retention.[9,10] Moreover, partial removable dentures are
frequently subjected to fracture. In this regard, fixed
acid-etch bridging may offer several advantages over
removable appliances including enhanced esthetics, ease
of use, and avoidance of becoming accustomed to a
removable prosthesis.[11] This approach would also permit
utilization of a patient’s natural crown as a pontic for
an immediate bridge, with little or no need to perform
complicated laboratory procedures. Besides the use of
resin composite to splint the pontic to neighboring sound
teeth, the possibility of utilizing fiber-reinforced bridges
has recently become possible. However, because both
adhesive techniques effectively splint the abutment teeth
together, there is a strong risk of restricting the growth
of maxilla locally, especially during the critical period of
increase in the inter-canine arch dimension. Furthermore,
such bridges are more difficult to clean, and access to
the healing sockets, if required, is poor. Altogether, these
considerations substantiated a fixed, appliance-type interim
approach.
The treatment modality followed in this case has been
reported in literature but is very sparse. In a study, this
method was used for the management of one of the two
replanted teeth that showed failure, using the natural crown
as pontic in a fixed semi-permanent bridge until a more
definitive prosthesis could be fabricated. No long-term
follow-up results for this study have been reported.[11]
Another study where alternative treatment option for the
premature loss of a traumatized maxillary central incisor

Figure 10: Postoperative extraoral photograph
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because of extensive root resorption and mobility, a fixed
appliance-type provisional prosthesis was fabricated using
the patient’s natural clinical crown from the extracted
tooth.[10] The outcomes of the present study provided
similar results which are durable, esthetic, and convenient.
In our study, efforts to save the tooth orthodontically/
surgically were explored, but because of the position
and angulation of the root, the tooth could not be saved.
Hence, the advantage of retaining the patient’s natural
crown was made use of so that the patient can better
tolerate the effect of tooth loss and also the natural tooth
provides the optimal pontic in terms of shape, color, size,
and alignment.[10,11]
Management of the consequences of trauma can be as
challenging as the treatment of the traumatic injury itself.
The fixed appliance presented in this case offers a simple
and effective treatment option using its own natural coronal
portion. It can be considered a hygienic, noninvasive, and
long-term provisional treatment without bearing any risk
of restricting growth, while providing superior esthetics
and function. However, this procedure is highly operatordependent and demands appropriate case selection and
precise technique.

CONCLUSIONS
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Severe congenital cyclic neutropenia: A case report
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Abstract
Congenital cyclic neutropenia syndrome is a constitutional genetic disorder which is characterized by very low number of
neutrophils (neutropenia). Patients suffering from this disorder clinically present with neutropenia at early age, history of
recurrent fever, ulcerations in the oral cavity, gingivitis, and other recurrent infections.This paper describes a case report of a
child with recurrent mouth ulcers, fever, and later diagnosed with severe congenital cyclic neutropenia. This also emphasizes
the importance of identification of rare causes of immunosuppressive conditions in children presenting with recurrent oral
ulcers and poor dental hygiene, to prevent long‑term complications of oral cavity and also morbidity and mortality secondary
to neutropenic sepsis.
Key words: Congenital neutropenia, elastase gene, oral hygiene, oral ulceration, periodontal breakdown
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Introduction
During acute inflammatory reaction and in host defense
against bacterial infections, the neutrophils play an important
role of first line of defense. If there is a deficiency of these
cells, the organisms present on the body surfaces, predispose
an individual to many infections.[1] In 1910, cyclic neutropenia
was first recognized as a distinct entity in a 19‑month‑old
boy who presented with periodic regular recurrence of
neutropenia, mouth ulcers, and fever.[2] It is a rare hematologic
disorder which is characterized by a significant decline
in the number of neutrophils in the peripheral blood
occurring at a regular interval.[3] Sometimes, the symptoms
are cyclical with the intervals varying between 14 and 36
days.[4] In addition to consistent neutropenia, this condition
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is associated with lymphocytosis, variable eosinophilia,
monocytosis, and decreased normal leukocyte count.[5]
Berardinis and Reiman in 1949 suggested the cause to
be an autosomal dominant inheritance which was later
confirmed by Morley et al. in 1967. On the other hand,
congenital neutropenia is a heterogeneous disorder of less
well‑defined entity.[2] Described by  Kostmann in 1956, it
is also known as Kostmann syndrome.[6] The etiology of
this condition is suggested to be due to mutation in the
neutrophils elastase gene (ELANE) resulting in arrested
development of neutrophils at the promyelocyte stage
within the marrow. This mutation is also associated with
premature apoptosis of these myeloid cells. Although
an autosomal dominant pattern of inheritance has been
described in few cases, most are isolated.[7] This is a rare
condition with prevalence of one in a million. Congenital
neutropenia has estimated frequency of 2:1,000,000–
3:1,000,000 in the general population, however, the cyclic
variant has a frequency of 1:1,000,000 in general population
including those cases of familial and simplex type.[8]
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Commons Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows
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This article describes the history, clinical, radiographic, and
hematologic findings of a female child with severe congenital
cyclic neutropenia. Furthermore, this article emphasizes the
dental management that can be used to halt the progression
of the disease.

Case Report
An 8‑year‑old Asian female child born to nonconsanguineous
parents of Indian origin was referred to the Department of
Pedodontics and Preventive Dentistry by a pediatrician. She
was suffering with the history of recurrent oral ulcerations,
genital ulcerations, and fever every month from the age of
3 years. The symptoms had cyclical pattern of every 28 days
and persisted for about a week. She was able to have only
liquid diet during these episodes. In spite of the symptoms,
her general growth was adequate for age. Fortunately, she
was not admitted with severe febrile septic episodes. Dental
examination of the child showed all of her deciduous teeth
except for lower incisors, the permanent first molars, and
lower incisors were in their eruptive stage. The deciduous
molars clinically exhibited Grade 1 mobility. There was
generalized marginal gingivitis and bleeding on probing. But
no other local findings were clinically visible at the time of
dental examination. Initial routine investigations advised by
pedodontist were declined by parents. Unfortunately, the child
did not keep regular dental appointments for 3 years.
Later, the patient presented when she was 11‑year‑old, and
the oral health status had worsened. The parent gave the
history that she showed the child to a pediatric rheumatologist
where the child was diagnosed to be suffering from Behçet’s
disease and was treated with steroids and colchicine
(0.5 mg in divided dose) for the past 2 years. Although the
oral and genital ulcerations were not clinically evident on
steroid therapy still the child presented with bleeding gums and
frequent febrile episodes. In between parents also consulted
alternative medicine including the person who does black
magic. However, the overall and dental health of the child
worsened.
During this time, the dental examination of the child showed all
her permanent teeth either erupted or in their eruptive phase
except for the 3rd molars. There was erythematous marginal
gingiva seen in relation to maxillary and mandibular anteriors.
Gingival recession was seen lingually on the lower anteriors
and in relation to 16, 26, 36, 44, 45, and 46 [Figures 1‑3]. Pockets
measuring 4–5 mm was seen among the posterior teeth.There
was generalized bleeding on probing.The restoration was seen
in relation to tooth 36, 46, 26. Grade 1 mobility was noticed
with tooth 36 and 46.
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Figure 1: Anterior view

Figure 2: Maxillary occlusal view

Figure 3: Mandibular occlusal view

The orthopantomogram showed alveolar bone loss along
16,36, 45, and 46 region and along the maxillary and mandibular
incisors [Figure 4]. Plaque was collected from gingival sulcus
and was sent for culture. Colonies of Candida albicans was
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grown on  Sabouraud Agar plate [Figure 5]. One of the routine
investigations showed child has neutropenia and so was
referred to hematology department. On a lot of persuasions,
parents agreed for the further investigations. Differential
count of white blood cells done every week regularly revealed
persistent neutropenia along with lymphocytosis and variable
eosinophilia [Table 1].
The absolute neutrophil count (ANC) was persistently <200/mm3
was noticed. Bone marrow aspirate from posterior superior
iliac spine revealed normocellular normoblastic marrow with
maturation arrest at promyelocyte/myelocyte stage. Conventional
cytogenetics showed normal karyotype. Sanger sequencing
of ELANE gene was done from samples of blood collected
from the patient, parents and a sibling. Sequence variation,
c. 239T>G (p.V80G) in exon 3 of ELANE gene was observed
in heterozygous state in the samples of the patient alone.With
all the investigations and the mutation confirms that the child is
suffering with severe congenital neutropenia syndrome.
The child was behaving like “cyclical neutropenia” but she
had persistent neutropenia on laboratory investigations. She
was started on filgrastim, granulocyte colony stimulating
factor (G‑CSF) 105 mcg thrice a week subcutaneous
injections. She was symptomatically better with no febrile
episodes including mouth ulcers. Initial dental treatment
consisted of regular visits for oral prophylaxis every 2 months,
re‑restoration of 36, 46, and restoration with 45, parental
education regarding oral hygiene maintenance of the child.
Use of 0.2% chlorhexidine gluconate mouthwash was advised.
The patient is kept on periodic recall.

Figure 4: Orthopantomogram showing vertical bone loss along mandibular
posteriors

Discussion
Severe persistent periodontitis in children is often a
manifestation of underlying genetic or hematologic disorder.The
polymorphonuclear neutrophils are important in maintaining
the periodontal health; hence, their deficiency leads to recurrent
bacterial and fungal infections.[6] The pedodontist often has the first
opportunity to detect this disease of congenital neutropenia since
it manifests uniquely in the oral cavity. However, clinical suspicion
and further investigations like serial hematological tests at regular
intervals are necessary to confirm this disease.[5] As in this case, the
blood counts of neutrophils were low at every interval of testing.
There are many classifications of this disease. Based on
the ANC, the disease has been classified into mild
(ANC: 1000–1500/mm3), moderate (ANC: 500–1000/mm3),
and severe (ANC <500/mm3).[6] Here, the patient manifested
with the severe pattern since the ANC <200/mm3. So far
12 neutropenic disorders have been identified based on a
molecular basis. Studies have shown that mutations of the
gene encoding neutrophils elastase (the ELANE gene) as the
most common cause for severe congenital neutropenia.[2,9]
Colonies of C. albicans was also noticed in the patient’s oral cavity.
This can be attributed to the suppuration of immunity due to
long term use of systemic steroids. Earlier treatment strategies
to cyclic neutropenia included systemic corticosteroids,
corticotrophin, and androgens.These treatments had a moderate

Figure 5: Colonies of Candida albicans on Sabourands agar plate

Table 1: Blood investigations on white blood cell
Date
November 13, 2014
November 19, 2014
November 22, 2014
November 25, 2014

WBC count
5900
5600
7600
6700

Neutrophils
11
3
3
1

Differential count
Lymphocytes
Eosinophil
73
6
70
3
54
4
47
4

Monocytes
10
9
21
17

Basophil
00
00
00
00

Band forms or immature
granulocytes
‑
15
18
31

WBC: White blood cell
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subjective effect on the oral ulcerations but produced negligible
improvement in the count of neutrophil count. Even prophylactic
antimicrobial and antifungal treatments have been used in severe
neutropenic patients. Currently, recombinant G‑CSF is given to
promote granulopoiesis.The G‑CSF mediates its biological effect
by binding to specific receptors on the neutrophils surface. It
elevates the neutrophils count in the peripheral bloodstream
by 10–12‑folds by releasing the neutrophils reservoirs from
the bone marrow.[6]
Currently, the patient, in this case, is on filgrastim 105 mcg thrice
weekly and is showing improved oral health. Hematologist
has planned to increase the dose depending on further
ANC improvement or further febrile episodes. However, the
periodontal status produced by this disease cannot be restored
to normal, but the progression of the degradation of the
periodontium can be reduced by proper systemic administration
of G‑CSF, maintaining personal oral hygiene and periodic medical
and dental checkups.[3] Rinsing with 0.2% chlorhexidine gluconate
during the episodes of neutropenia is seen to be beneficial. No
surgery should be performed until sufficient absolute neutrophils
count is attained as there are high risks of postoperative infection.
In case of emergencies if surgery is an absolute necessary then
it should be carried under appropriate antibiotic coverage and
also increasing the G‑CSF dose and in a hospital set up.[10] To
conclude, being a pedodontist one should be aware of the rare
causes of systemic immunosuppressive conditions in children
with persistent dental caries and bad oral hygiene.
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Antimicrobial Activity of Endodontic Medicaments and
Vehicles using Agar Well Diffusion Method on Facultative
and Obligate Anaerobes
1

Triveni M Nalawade, 2Kishore G Bhat, 3Suma Sogi

ABSTRACT
Aims: The aim of this study was to determine the relative
antimicrobial effectiveness of these endodontic medicaments
and various vehicles using an agar well diffusion assay.
Materials and methods: Double Antibiotic Paste(DAP), modified DAP, 2% Chlorhexidine gluconate and their combination
with four vehicles namely Polyethylene glycol 400 (PEG),
Propylene glycol (PG), combinations of PG with PEG and
lastly Glycerine were tested using agar well diffusion assay.
The minimum bactericidal concentration was noted against four
standard strains of organisms ie Streptococcus mutans ATCC(
American Type Culture Collection) 25175, Staphylococcus
aureus ATCC 12598, Enterococcus faecalis ATCC 35550 and
Eschericia coli ATCC 25922. Successful endodontic therapy
depends upon thorough disinfection of root canals. In some
refractory cases, routine endodontic therapy is not sufficient,
so intracanal medicaments are used for proper disinfection of
canals. Issues of resistance, limited spectrum of activity and
lack of antifungal properties, the hunt for the ideal intracanal
medicament continues. In this regard, the vehicles used to form
the pastes play a supportive role by forming the appropriate
consistency for placement and may dramatically influence their
chemical characteristics like their solubility and diffusion. Thus,
inorder to use safer and equally effective intracanal medicaments, Chlorhexidine gluconate is being unveiled in this study.
Results : The difference between the four vehicles when combined with the same endodontic medicament studied above is
nonsignificant (NS) except against Porphyromonas gingivalis.
Propylene glycol is significantly effective than Glycerine when
used with DAP ie C+M medicament combination. (p = 0.029)
Conclusion: 2% chlorhexidine gluconate and modified DAP
can definitely replace DAP and triple antibiotic paste as endodontic medicaments with chlorhexidine having an added
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INTRODUCTION
Dental caries is the most common chronic disease and
one of the most expensive diseases to treat. As per the
National Oral Health Survey and Fluoride Mapping
(2002–2003), there is a very high proportion of untreated
caries. 1 Successful endodontic therapy of the teeth
affected with dental caries consists of thorough disinfections of the root canals which cannot be attained by
standard treatment alone. Hence, the use of endodontic
medicaments for sterilization of root canals especially
resistant microbes like Enterococcus faecalis has become a
necessity. Although calcium hydroxide has been the most
used endodontic medicaments, recently triple antibiotic
paste (TAP), a combination of ciprofloxacin, metronidazole, and minocycline has been proven to be most
effective. But, minocycline in TAP has been associated
with discoloration and chances of affecting the developing permanent successor if used in deciduous teeth like
other tetracyclines cannot be denied.2 Appropriate use
of the existing antibiotics and also antimicrobial agents
and their combinations, which help in decreasing the
incidence of resistance development, should be tested
and incorporated in the treatment of infectious diseases.
Hence, double antibiotic paste (DAP) being an equally
effective alternative, and a combination of amoxicillin
clavulanate with metronidazole will be referred to as
modified DAP along with 2% chlorhexidine gluconate
which will be compared for their antimicrobial effectiveness. To the best of our knowledge, i.e., the first study to
compare these three endodontic medicaments, and their
combinations with various vehicles are being investigated
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to find the best combination for various uses in dentistry
like intracanal medicaments,3 noninstrumentation endodontic therapy (NIET),4-6 and local drug delivery as used
in periodontal pockets.7 The addition of vehicles to these
intracanal medicaments not only improves the handling
characteristics but also enhances diffusion through dentinal tubules, antimicrobial activity, and release of the
medicaments.8,9 The aim of this study was to determine
the relative antimicrobial effectiveness of these endodontic medicaments and various vehicles using an agar well
diffusion assay.

MATERIALS AND METHODS
This study was carried out in Basic Science Research
Centre, Belgaum. It is approved by the Institutional
Review Board (Ref no. KLEU/Ethic/14-15/D-73). This
study is a part of ongoing ex vivo study. The endodontic
medicaments evaluated were DAP, modified DAP, 2%
chlorhexidine gel and their combination with polyethylene glycol (400 PEG), propylene glycol (PG), combinations of PG with PEG, and glycerine. The antimicrobial
activity was carried out against standard strains of
American Type Culture Collection (ATCC) against five
organisms. Streptococcus mutans was chosen as it is the
most commonly isolated organism from root canals of
infected teeth, whereas Staphylococcus aureus and E. faecalis
were chosen as they are known to develop resistance.
Porphyromonas gingivalis is also a commonly isolated
Gram-negative obligate anaerobe from root canals of
teeth and linked to the signs and symptoms of periapical
disease and are considered to be more resistant due to
outer membrane of their cell-wall structure.10,11

Microorganisms Tested
Streptococcus mutans (ATCC 25175)
Staphylococcus aureus (ATCC 12598)
Enterococcus faecalis (ATCC 35550)
Porphyromonas gingivalis (ATCC 33277)
Escherichia coli (ATCC 25922).

Preparations of Microbial Inocula
A direct colony suspension of each test isolate was prepared and the turbidity was adjusted to 0.5 McFarland
Standard, for S. mutans, S. aureus, E. faecalis, E. coli, and
a 1.0 McFarland Standard for P. gingivalis.

Determination of Minimum Inhibitory
Concentration of Antimicrobial Substances and
their Combinations by Broth Dilution Method
Minimum inhibitory concentration (MIC) is defined as
the lowest concentration where no visible turbidity is
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observed, i.e., bacteriostatic concentration. Brain heart
infusion (BHI) broth was used for the serial dilutions. The
selected microorganism was inoculated in BHI broth as
per Clinical Laboratory Standard Institute (CLSI) guidelines formerly known as NCCLS, i.e., National Committee
for Clinical Laboratory Standards. Also, control strains of
E. coli ATCC 25922 were kept for monitoring antibacterial susceptibility testing. A known concentrate of the
antibacterial substances was serially diluted to two folds
in broth and two controls were also included. The first
contained undiluted drug which served as the positive
control and other contained only inoculums which served
as the negative control. Minimum inhibitory concentration was done by broth dilution method first for single
drug, namely 2% chlorhexidine gluconate, ciprofloxacin,
amoxicillin clavulanate, and metronidazole, and their
combinations, i.e., ciprofloxacin with metronidazole
(C + M) and amoxicillin clavulanate with metronidazole
(A + M). For facultative anaerobes ten serial dilutions
were done with incubation time of 24 hours. Whereas for
P. gingivalis, 12 serial dilutions were done for both single
drug and their combinations by broth dilution MIC test with
incubation time of 48 hours under anaerobic conditions
(Figs 1 and 2). The concentrations used were 0.5 mg/mL
of ciprofloxacin, 0.5 mg/mL of amoxicillin clavulanate,
and 2 mg/mL of metronidazole for single drug and
1 mg/mL concentration for both the drug combinations,
i.e., C + M and A + M.

Determinations of Antimicrobial Susceptibility
using Agar Well Diffusion Method
Agar well diffusion method was used to determine the
antibacterial activity of endodontic medicaments and
various vehicles, i.e., DAP, modified DAP, and 2% CHX
with PEG, PG, PEG + PG, and glycerine. A 50 µL of respective microbial inoculum was taken using a micropipette
in order to provide an even lawn of cells, and loaded onto
the agar plates evenly. The agar plates were inoculated
with the respective microorganisms by even streaking
of the swab over the entire surface of the plate three
times rotating the Petri plates at 60° approximately after
each applications. Finally, it was swabbed all around
the periphery of the agar surface. Five wells of 7 mm
size and 4 mm depth were made at an equal distance
and 70 µL volume of each medicaments with respective
vehicles in the ratio 1:1 (i.e., 35 µL medicaments + 35 µL
vehicle) was dispensed into the four wells with the help
of micropipettes. The undiluted medicaments, i.e., 70 µL
of the antimicrobial substances only were dispensed into
the 5th well at the center of inoculated agar plate and were
considered as the positive control. The plates were then
incubated at 37°C for 24 hours in an aerobic environment
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A

B

C

D
Figs 1A to D: Minimum inhibitory concentration of single antimicrobial substances, i.e.: (A) Chlorhexidine gluconate;
(B) ciprofloxacin; (C) amoxicillin clavulanate; and (D) metronidazole by broth dilution method against P. gingivalis

A

B
Figs 2A and B: Minimum inhibitory concentration of combination of antimicrobial substances, i.e.: (A) Ciprofloxacin with
metronidazole; and (B) amoxicillin clavulanate with metronidazole by broth dilution method against P. gingivalis

A

B

C

Figs 3A to C: Antimicrobial activity of the endodontic medicaments, i.e.: (A) 2% chlorhexidine gluconate; (B) ciprofloxacin with
metronidazole; and (C) amoxicillin clavulanate with metronidazole along with the four vehicle combinations against P. gingivalis using
agar well diffusion method

for S. mutans, S. aureus, and E. faecalis and for 48 hours
anaerobically for P. gingivalis (Figs 3A to C). The Petri plates
were observed for zone of inhibition, which were measured
using a scale in millimeters. The tests were repeated three
times to minimize errors.

Statistical Analysis
• Mean value and SD
• Kruskal-Wallis test
• Pairwise comparison using post hoc Mann-Whitney U
test (p < 0.05).
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RESULTS
The least MIC value of all medicaments was that of
chlorhexidine and all organisms were resistant to metronidazole (Table 1). Combination of ciprofloxacin with
metronidazole improved sensitivity of S. mutans, S. aureus,
and P. gingivalis only while amoxicillin clavulanate with
metronidazole combination improved susceptibility of
S. mutans only (Table 2).
All of the selected organisms were susceptible to the
antimicrobial drugs and vehicles combination except for
S. mutans, which exhibited resistance to C + M and all
the four vehicle combinations. There was no statistically
significant difference in the same antimicrobial drug
and vehicles, i.e., PEG, PG, PEG + PG, and glycerine
except P. gingivalis. There existed significant difference
in C + M + PG and C + M + glycerine only on P. gingivalis.
Considering drug-wise and organism-wise comparison,
Table 1: Minimum inhibitory concentration of single
antimicrobial substances by broth dilution method
Test agent
Chlorhexidine

Ciprofloxacin

Amoxicillin clavulanate

Metronidazole

Microorganism
S. mutans
S. aureus
E. faecalis
P. gingivalis
E. coli
S. mutans
S. aureus
E. faecalis
P. gingivalis
E. coli
S. mutans
S. aureus
E. faecalis
P. gingivalis
E. coli
S. mutans
S. aureus
E. faecalis
P. gingivalis
E. coli

MIC
0.078%
0.078%
0.156%
0.019%
0.078%
7.81 µg/mL
31.25 µg/mL
1.95 µg/mL
0.019 µg/mL
1.95 µg/mL
7.8125 µg/mL
3.90 µg/mL
15.625 µg/mL
0.019 µg/mL
15.625 µg/mL
500 µg/mL
500 µg/mL
500 µg/mL
0.975 µg/mL
1 µg/mL

Table 2: Minimum inhibitory concentration of combination of
antimicrobial substances by broth dilution method
Test agent
Ciprofloxacin + Metronidazole

Amoxicillin clavulanate +
Metronidazole
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Microorganism
S. mutans
S. aureus
E. faecalis
P. gingivalis
E. coli
S. mutans
S. aureus
E. faecalis
P. gingivalis
E. coli

MIC
1.95 µg/mL
7.81 µg/mL
1.95 µg/mL
0.039 µg/mL
1.95 µg/mL
3.90 µg/mL
15.625 µg/mL
15.625 µg/mL
0.019 µg/mL
15.625 µg/mL

chlorhexidine was significantly more effective than C + M
and A + M against S. mutans and S. aureus. C + M was the
most effective on E. faecalis followed by chlorhexidine;
whereas A + M was most effective against P. gingivalis,
thus justifying the combination for obligate anaerobes.

DISCUSSION
The sterilization and disinfection of the root canal systems
consists of reduction in microbes to enable local response
and ensure healing of damaged tissues.12 Studies of the
microbial diversity of the root canal infections demonstrate that relative proportions of anaerobes increase with
time and that facultative anaerobes increase when root
canals remain infected for longer periods.13 The most
predominantly isolated organisms is S. mutans followed
by facultative microbes, such as E. faecalis and S. aureus,
which constitute the most resistant species.14 E. faecalis is
one of the possible causes of root canal failure.15 Recently,
E. faecalis has been predominantly found in primary endodontic infections too.16 Also, Gram-negative anaerobes,
e.g., black-pigmented species have been associated with
signs and symptoms of periapical disease and exhibit
resistance due to the outer membranes of their cell wall.15
The advantage of local applicant of an antibiotic is that
it permits the use of very large doses, hence being bactericidal, thus overcoming resistance without risk of systemic toxicity to the subject as the overall dose is small.13
Hence, depending on the MIC of combination of drugs
by broth dilution method, higher dosage of 100 µg/mL
was chosen. Also, previous studies have shown the dose
of 100 µg/mL to be bactericidal and no bacteria were
recovered from the samples. However, concentrations of
1 and 10 µg/mL allowed some microbes to persist, i.e.,
these concentrations were only bacteriostatic.17,18
Chlorhexidine has been used extensively in endodontics for irrigation and as an intracanal medicament and is
considered as the gold standard.19,20 It is a cationic biguanide and an antiseptic. It has substantive properties and
even at higher concentrations has very low toxicity.21,22
At low concentration, it is bacteriostatic, whereas at high
concentration, it is bactericidal.23 It shows antimicrobial
activity from concentrations as low as 0.1%; and shows
bactericidal activity at 2% and is biocompatible.24,25
The MIC of chlorhexidine started from 0.019% against
P. gingivalis to 0.078% against other facultative anaerobes
with the highest concentration against E. faecalis, i.e.,
0.156%. Similar results were observed by Mistry et al,26
i.e., < 0.0625% of chlorhexidine against facultative anaerobes but in case of E. faecalis, our study shows higher
values though the standard strain of E. faecalis is the
same and the MIC also has been determined in both the
studies by broth dilution technique. Strict anaerobes,
e.g., P. gingivalis as in our study were most susceptible to
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chlorhexidine without the vehicles, which is contrary to
the findings of Filho et al.20 Chlorhexidine when studied
with vehicles by agar well diffusion method showed
lesser zones of inhibition of P. gingivalis as compared to
other microbes due to being more effective against Grampositive organisms than Gram-negative.27
The MIC of ciprofloxacin alone and decrease in MIC
when combination of C + M are in unison with the results
stated by Carreira et al9 except for S. aureus might be due to
the use of different ATCC strains. The zones of inhibition
of ciprofloxacin against clinical isolates of S. aureus and
E. faecalis are greater at drug concentration of 5 µg/mL28
as compared to 100 µg/mL in our study against standard
strains of same microorganisms. It is interesting to note
that standard strains of S. mutans exhibited resistance
C + M along with the four vehicles when tested by agar
well diffusion method which is in accordance to study
by Jain et al.29 Double antiseptic paste has been shown
to be equally effective as TAP30 and it was observed that
MIC of C + M against all organisms except E. faecalis was
lower as compared to ciprofloxacin alone. Another study
by Choudhary et al31 shows amoxicillin and ciprofloxacin
to be highly effective in terms of zones of inhibition, i.e.,
31 and 30 respectively, whereas tetracyclines to be moderately effective against clinical isolates of S. mutans.31
As per the principles of antibiotic therapy, the use of
narrow spectra but bactericidal drugs can prevent the
development of drug resistance. Combination of two
bactericidal drugs can overcome selective pressure and
avoid development of resistance in microorganisms.
Beta-lactamase production is the most common reason
for resistance in Enterobacteriaceae, so clavulanic acid
which is a beta-lactamase inhibitor can be used.32 Hence,

the selection of amoxicillin clavulanate, instead of ciprofloxacin has also been found to be 100% effective against
endodontic bacteria.33 Therefore, modified DAP with
amoxicillin clavulanate was studied for the first time for
lesion sterilization and tissue repair or noninstrumentation endodontic technique.
The MIC of amoxicillin clavulanate alone is in accordance with the guidelines by Indian Council Medical
Research, except for E. faecalis and E. coli.32 Also, the MIC
combination of amoxicillin clavulanate with metronidazole
improved or stayed consistent for all organisms except
S. aureus. Additionally, the zones of inhibition of A + M with
the four different vehicles were the largest, i.e., against
P. gingivalis which is similar to findings by Gomes et al.15
The zones of inhibition were greater for P. gingivalis as
obligate anaerobes are rather easily eradicated and metronidazole targets anaerobes in particular.32 Additionally,
2% CHX was unanimously effective against all pathogens
with additional advance of no resistance development
being a cation.34
The use of vehicles like PG not only enhances the penetration of the drugs into their dentinal tubules as observed
by Cruz et al,8 but also can even make microbes having
drug resistance; sensitive when used along with vehicles
like PEG, e.g., metronidazole when used with PEG as in
study by Carreira et al.9 The use of vehicles as carriers for
intracanal medicaments also improve handling properties
of the resulting paste and enhance their release too. All the
above selected vehicles do possess antimicrobial activity.35
No significant difference in vehicles when mixed with
endodontic medicaments except for PG in comparison
with glycerine when used along with C + M combination
of drugs against P. gingivalis (Table 3) as these vehicles

Table 3: Antimicrobial activity of the endodontic medicaments and vehicle combinations against selected
pathogens using agar well diffusion method
Antimicrobial drugs
Chlorhexidine

C+M

A+M

Vehicles
PEG
PG
PG +PEG
Glycerine
H-Value#
p-value
PEG
PG
PG +PEG
Glycerine
H-Value#
p-value
PEG
PG
PG +PEG
Glycerine
H-Value#
p-value

S. mutans(mm)
31.00 (1.00)
32.00 (1.00)
31.33 (0.57)
31.33 (0.57)
1.96
0.58 (NS)
–
–
–
–

25.00 (1.00)
26.33 (0.57)
25.33 (2.08)
20.00 (1.00)
7.56
0.056 (NS)

S. aureus(mm)
39.00 (1.00)
37.67 (1.15)
37.33 (1.52)
35.67 (0.57)
7.30
0.063 (NS)
25.00 (1.00)
24.00 (1.00)
24.00 (1.00)
23.67 (0.57)
3.041
0.385 (NS)
27.00 (1.00)
27.00 (1.00)
26.67 (1.52)
25.00 (1.00)
4.44
0.217 (NS)

E. faecalis(mm)
31.67 (1.52)
29.33 (0.57)
29.67 (1.52)
28.00 (1.00)
6.79
0.079 (NS)
34.00 (1.00)
33.00 (1.00)
33.00 (1.00)
32.67 (0.57)
3.041
0.385 (NS)
26.00 (1.00)
25.33 (1.52)
27.33 (.57)
28.00 (1.00)
6.72
0.081 (NS)

P. gingivalis(mm)
26.00 (1.00)
27.00 (1.00)
27.33 (0.57)
27.67 (1.52)
3.37
0.337 (NS)
37.00 (1.00)
38.33 (0.57) a
39.00 (1.00)
32.33 (1.52) a
9.00
0.029*
46.00 (1.00)
46.33 (1.52)
46.00 (1.00)
45.00 (1.00)
2.11
0.548 (NS)

Kruskal Wallis test; p > 0.05 non significant (NS); *p < 0.05 significant; apairwise comparison using post hoc Mann Whitney U test
statistically significant( p < 0.05). All other pairwise comparisons are non significant (NS)
#
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might not be having a synergistic effect when used with
the three intracanal medicaments, i.e., 2% chlorhexidine
gluconate, C + M and A + M.
The agar well diffusion method or well plate method
or the agar diffusion method was used in this study as it is
the most commonly used method of antimicrobial activity
determination especially of newer substances like plant
extracts, new drug formulations, etc. This technique is a
well-accepted way of comparing the antibacterial effect
of different dental materials, medicaments, etc.24 Agar
well diffusion was used for the combination of antimicrobial drugs with vehicles as though E-test being the
latest method, it is not feasible for combination of drugs.

CONCLUSION
The many hurdles in using antibiotics as intracanal
medicaments are: Issues of resistance, limited spectrum
of activity, lack of antifungal properties, and the hunt for
the ideal intracanal medicament continues. In this regard,
the vehicles used to form the pastes play a supportive role
by forming the appropriate consistency for placement and
may dramatically influence their chemical characteristics
like their solubility and diffusion.36 Though difference
between the four vehicles studied above is NS except
P. gingivalis, PG8 or PEG36 can be used to improve diffusion and slow release of medicaments for longer period
of time. The inhibitory effect of PEG is definitely an
advantage against Gram-negative species when used as
a base for the formulation of endodontic medicaments.36
Hence, 2% chlorhexidine gluconate and modified DAP
can definitely replace DAP and TAP as endodontic medicaments with chlorhexidine having an added advantage
of bactericidal action, substantivity, biocompatibility, low
toxicity, and lesser chances of developing resistance.34,37
Therefore chlorhexidine can be used for facultatively
anaerobic bacterial species, like S. mutans, and also for
species known to develop resistance like E. faecalis and
S. aureus. Modified DAP was the most effective against
obligate anaerobes P. gingivalis, but it was also sensitive
to 2% chlorhexidine gluconate.
Furthermore, ex vivo studies should be carried out as
agar diffusion may be influenced by physical–chemical
properties of the medicaments, nature of agar, composition, porosity, pH, and thickness of agar media.38 Ex vivo
studies will give us an appropriate understanding of
the diffusion through dentinal tubules of these newer
combinations of endodontic medicaments and vehicles.
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ABSTRACT
Context: In endodontics, most of the commercial
intra-canal medicaments have cytotoxic reactions
and because of their inability to eliminate bacteria
from dentinal tubules, recent medicine has turned
its attention to the usage of biologic medication
prepared from natural plants. The literature to testify
the efficacy of natural alternatives in primary teeth
is meagre and its effects as irrigating solutions need
to be evaluated. Aim: To evaluate the antibacterial
effectiveness of sodium hypochlorite, ethanolic
extracts of Curcuma longa (turmeric) and Camellia
sinensis (green tea) as irrigating solutions against
the anaerobic bacteria isolated from the root canals
of infected primary teeth. Materials and Methods:
Thirty patients were selected based on the selected
inclusion and exclusion criteria. Preoperative
radiographs were taken. Rubber dam isolation
and working length estimation were done,
following which thirty samples were taken from
the root canals of infected primary teeth using
sterile absorbent paper points and transferred to
tubes containing thioglycolate transport medium.
The bacteria were then isolated using standard
microbiological protocols and were subjected to
antibiotic sensitivity testing using the three test
irrigants. Statistical Analysis: SPSS 18 software
using Chi-square test was used for statistical
analysis. Results: The most commonly isolated
bacteria included Porphyromonas sp., Bacteroides
fragilis, Peptostreptococcus, and Staphylococcus aureus.
Sodium hypochlorite and C. longa (turmeric) showed
good antibacterial effect and were effective against
most of the isolated bacteria. There was statistically
significant difference in the antibacterial effect
among the three tested groups (P < 0.001). The least
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effective was C. sinensis (green tea). Conclusion:
The infected primary teeth almost always present
with a polymicrobial structure with a wide variety
of anaerobic bacteria. The chemo-mechanical
preparation plays an important role in eradicating
the population of predominant micro-organisms in
treating these teeth with promising effects with the
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use of newer test irrigants while avoiding the side
effects of sodium hypochlorite.

KEYWORDS: Anaerobic, bacteria, Camellia sinensis,
Curcuma longa, irrigation, sodium hypochlorite

Introduction
The unique histological characteristics of the primary
teeth and its interactions with the oral cavity present an
interesting challenge to treat its diseases and associated
conditions, unlike the permanent teeth. The abundance
of accessory and lateral canals, easy communication of
the pulp with the furcal region due to highly porous
inter-radicular dentin at the pulpal floor, ample of
medullary bone spaces, and its association with
the delicate developing permanent tooth bud are
the critical areas in determining a successful pulpal
treatment, especially in cases with necrotic pulps, teeth
with abscesses, and/or with draining sinus tracts.[1,2]
Belanger[3] mentioned that an intact primary tooth
gets adequately disinfected and a restored natural
tooth acts as a best space maintainer than any artificial
appliance. Due to these reasons, much importance is
given to chemical cleaning and disinfection of canals as
opposed to thorough mechanical shaping of the canals.
The pathway of progression of the infection and the
ecology of infecting micro-organisms are different in
the deciduous dentition as compared to the permanent
dentition.[4] Hence, for complete elimination of
infection, irrigation is an important step for the success
of pulpectomy.[1]
In endodontics, most of the commercial intra-canal
medicaments such as sodium hypochlorite and
hydrogen peroxide cause cytotoxic reactions, have side
effects, unpleasant taste, foul smell, allergic potential,
and because of their inability to eliminate bacteria
from dentinal tubules, recent medicine has turned its
attention to the usage of biologic medication prepared
from natural plants.[5] Hence, an impending need is
upon the fraternity of dentistry to find alternatives to
which it can best adapt to primary tooth physiology
with maximum clinical benefit and minimum
unwanted side effects.
The literature to testify the efficacy of various natural
alternatives has been obtained for the permanent
dentition. However, their use in primary teeth and
its effects as irrigating solutions needs to be further
evaluated. Hence, in this study, an attempt has been
made to compare the antibacterial effect of turmeric
and green tea extracts against the anaerobic bacteria
isolated from infected primary teeth.

Materials and Methods
The following materials were used in the study:
166

Twenty percent ethanolic extract of Curcuma longa,
20% ethanolic extract of Camellia sinensis, 3% sodium
hypochlorite, micro-organisms isolated from the root
canals of the infected primary teeth, Whatman No. 1
filter paper sensitivity discs, thioglycolate transport
media tubes (2 ml Borosil), 5% sheep blood agar,
anaerobic jar, anaerobic catalyst, vacuum suction,
platinum loop, etc.
The study was conducted in the Department of
Pediatric and Preventive Dentistry. Ethical clearance
for the study was obtained from the Ethical Committee
of the institution prior to the start of the study. Thirty
samples were taken from the root canals of infected
primary teeth. Parental consent and child’s assent were
obtained after explaining them the entire procedure
before taking the samples. The cases were selected
based on standard inclusion and exclusion criteria.[6]

Inclusion criteria

1. Patient aged 3-10 years.
2. Primary teeth with necrotic pulp, chronic abscess,
and/or sinus tract.
3. Compliant patients.

Exclusion criteria

1. Teeth with more than two-third loss of root
structure/evidence of root resorption and/or
mobility.
2. Teeth with antibiotic usage for systemic diseases in
past 4 weeks.
3. Patient with systemic diseases.
4. Unco-operative patients.
5. Patients who were not willing to accept proposed
treatment plan and/or participate in the study.

Preparation of ethanolic extract of Curcuma longa

Turmeric (C. longa) rhizomes were obtained and cut into
irregular pieces and dried in an oven at a temperature
of 45°C ± 5°C for a period of 24 h till completely
moisture-free and then were ground to form a fine
powder. Powdered spices were soaked in 200 ml of
95% ethanol and kept at room temperature, macerated
for 7 days, and were filtered. The filtrate was heated at
40-50°C using water baths till the ethanol evaporated
and until thick paste was formed. The thick paste was
considered as 100% concentration of extract [Figure 1].
These extracts were stored at 4°C in refrigerator.

Preparation of ethanolic extract of Camellia sinensis

Dried green tea leaves were obtained and ground
into powder form. About 20 mg/ml concentration of
ethanolic extract was obtained by boiling the leaves
in 95% ethanol for 40-50 min following the similar
procedure as mentioned above [Figure 1].

Clinical procedure

After administering local anesthesia using 2%
lignocaine with 1:80,000 adrenaline, rubber dam
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isolation was done. A standard access cavity
preparation was made and working length estimation
was done. Three absorbent points were taken into the
canal till the apex per canal [Figure 2] and were held
there till 30 s, each one following another. They were
then removed from the canals and transferred directly
into a tube containing thioglycolate broth.[6] This tube
was processed within 30 min of sample collection
according to the standard microbiological protocol
where growth was checked every 24 h [Figure 3].
Strains were identified based on Gram staining
and classified by colony morphology and oxygen
tolerance.
All isolated microbial strains were subjected to
antibiotic sensitivity testing [Figure 4] using disc
diffusion method on agar plates. The isolated microorganisms were then tested against the three irrigants
used in the study [Figure 5]. The sensitivity or resistance
of the isolated bacteria was determined.

Results
There were ten different strains of bacteria isolated from
the samples. These micro-organisms were divided into
four different groups based on whether Gram-positive
or Gram-negative, facultative or obligatory anaerobes,
cocci or Bacilli.
Each isolated micro-organism was tested against
all the three irrigants that were freshly dispensed.
It was observed that sodium hypochlorite and C.
longa (turmeric) showed 84.6% sensitivity whereas
C. sinensis (green tea) was resistant in 82.05% cases
[Table 1]. The observation of Table 1 shows that there
is statistically significant difference in the three groups
(P < 0.001) using the Chi-square test. The intergroup
comparisons done using Chi-square tests state that
there is statistically significant difference between
NaOCl and green tea, turmeric and green tea, but
there was no significant difference between NaOCl
and turmeric groups [Tables 2-4].
The most sensitive micro-organisms were the obligatory
anaerobes such as Bacteroides fragilis, Porphyromonas

Figure 1: Ethanolic extract of Curcuma longa (turmeric) and Camellia
sinensis (Green tea)
Figure 2: Absorbent paper points in the canal

Figure 3: Primary growth obtained after 48 h of incubation in
anaerobic jar

Figure 4: Identification of bacteria by antibiotic sensitivity testing
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gingivalis, and Prevotella intermedia, which were
most commonly isolated. In addition, the facultative
anaerobes such as Peptostreptoccci, Enterococcus faecalis,
and Streptococci groups showed good antibacterial
susceptibility against NaOCl and turmeric [Table 5].

The Graphs 1 and 2 show the overall effect of the
cocci and Bacilli against the test irrigants. Sodium
hypochlorite and turmeric are equally effective while
green tea showed resistance in maximum cases.

Discussion
Primary teeth serve an important function in the
growth and development of a child because they
prepare the child for assimilation of food. They also
have an important role in the maintenance of space
for the permanent teeth along with the stimulation of
jaw growth.[7] Dental caries is one of the most common
reasons for the early loss of tooth. In this process, the oral
microflora plays a very crucial role. The colonization of
the bacteria along with the other contributing factors
is responsible for the progression of caries leading to
Table 1: Overall comparison of all three
irrigants using Chi-square test

Figure 5: Determination of sensitivity of isolated bacteria against
test chemicals

Irrigants
NaOCl (%)
Turmeric (%)
Green tea (%)
Total

U

P

49.420

<0.001*

Antibacterial sensitivity Total
Resistant
6 (15.40)
6 (15.40)
32 (82.05)
44

Sensitive
33 (84.60)
33 (84.60)
7 (18)
73

39
39
39
117

*Statistically significant

Table 2: Comparison between sodium
hypochlorite and turmeric irrigants using
Chi-square test
Irrigants

Antibacterial sensitivity

NaOCl (%)
Turmeric (%)
Total

Resistant
6 (15.40)
6 (15.40)
12

Total

U

P

39
39
78

760

0.1^

Sensitive
33 (84.60)
33 (84.60)
66

Statistically insignificant

^

Graph 1: Graphical representation of overall intergroup comparison
of the three irrigants against the Bacilli

Table 3: Comparison between sodium
hypochlorite and green tea irrigants using
Chi-square test
Irrigants
NaOCl (%)
Green tea (%)
Total

Antibacterial sensitivity Total
Resistant
6 (15.38)
32 (82.05)
38

Sensitive
33 (84.60)
7 (18)
40

39
39
78

U

P

253.50 <0.001*

*Statistically significant

Table 4: Comparison between turmeric
and green tea irrigants using Chi-square test
Irrigants

Graph 2: Graphical representation of overall intergroup comparison
of the three irrigants against the cocci
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Turmeric (%)
Green tea (%)
Total

Antibacterial sensitivity Total
Resistant
6 (15.38)
32 (82.05)
38

Sensitive
33 (84.60)
7 (18)
40

39
39
78

U

P

253.50 <0.001*

*Statistically significant
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Table 5: The antimicrobial susceptibility of the individual isolated anaerobic micro-organisms against
sodium hypochlorite, turmeric, and green tea
Organisms isolated
Bacteroides fragilis
Enterococcus faecalis
Fusobacterium sp.
Peptostreptococcus
Prevotella intermedia
Porphyromonas sp.
Staphylococcus aureus
Streptococcus pyogenes
Streptococcus mutans
Biophilia
Total (39)

NaOCl
Resistant
1
0
0
1
1
2
0
0
0
1
6

Turmeric
Sensitive
7
3
1
4
3
6
5
2
2
0
33

pulpal inflammation, infection, swelling, abscesses,
etc. For this reason, the identification of the oral
microbiota found in the primary teeth is important.[8] If
the collateral circulation is inadequate, in the necrotic
pulpal area, the usual clearing process and the immune
mechanisms of the body get hampered thus healing
does not take place. The transformation of the root
canal into a “refuge” for micro-organisms and their byproducts occurs, along with the degeneration products
of micro-organisms and the pulpal tissues.[9]
In the present study, it was observed that the most
predominant organisms isolated from the infected,
abscessed primary teeth were the black-pigmented
colonies of obligatory anaerobic Bacilli such as
P. intermedia, Porphyromonas species, Bacteroides
species, and Fusobacterium species followed by the
obligatory Gram-positive cocci Peptostreptococcus
species. Facultative Gram-positive anaerobic cocci
such as Streptococcus mutans, Streptococcus pyogenes,
E. faecalis, and Staphylococcus aureus were also found
but were comparatively less in number. Various
studies have stated that in pulpitis and dentoalveolar
abscesses, predominant organisms found were in
accordance with this study.[10,11] In human deciduous
root canals with necrotic pulp and periapical lesions,
the infection is polymicrobial with a large number of
micro-organisms and a predominance of streptococci
and black-pigmented Bacilli.[11] The results obtained
by Cogulu et al. were contrasting to our study where
E. faecalis and Treponema denticola were isolated only in
a limited number of cases.[12]
The method used for antibacterial susceptibility testing
was the agar disk diffusion method. It is one of the
most convenient, cost-effective, and practical methods,
which is well standardized.[13]
The antimicrobial effectiveness of sodium hypochlorite
has similarity to the mechanism of action of calcium
hydroxide based on its high pH (hydroxyl ions
action). The high pH causes an irreversible enzymatic
inhibition by interfering with the cytoplasmic

Resistant
1
0
0
0
1
3
1
0
0
0
6

Green tea
Sensitive
7
3
1
5
3
5
4
2
2
1
33

Resistant
8
3
1
2
4
8
3
1
1
1
32

Sensitive
0
0
0
3
0
0
2
1
1
0
7

membrane integrity, biosynthetic alterations in
cellular metabolism, and phospholipid degradation in
lipidic peroxidation. The amino acid chloramination
reaction forming chloramines interferes with cellular
metabolism and oxidation that promotes irreversible
bacterial enzymatic inhibition thus replacing hydrogen
with chlorine. Thus, sodium hypochlorite presents
antimicrobial activity with its action on essential
enzymatic sites promoting irreversible inactivation
originated by hydroxyl ions and chloramination
action. The saponification reaction verifies the ability
of sodium hypochlorite to dissolve organic tissue
when sodium hypochlorite degrades fatty acids and
lipids resulting in soap and glycerol formation.[14]
Sodium hypochlorite preparations are virucidal and
sporicidal and show a far greater tissue dissolving
effects on necrotic than on vital tissues.[15] Other than the
effect on various tissues and allergic reactions caused,
complications occur if it extrudes the root canal apex.
A severe acute inflammatory reaction of the tissues can
occur with a rapid tissue swelling both intraorally and
extraorally extending to the skin and subcutaneous
tissues. Edematous, hemorrhagic, or both kinds of
swelling can occur and can extend in the region beyond
than that expected with an acutely infected tooth.[16]
Exactly, the mechanism of NaOCl to destroy
micro-organisms has never been demonstrated
experimentally. The disinfecting efficiency of NaOCl
depends on the concentration of undissociated
hypochlorous acid (HOCl) in the solution. As essential
enzymes are inhibited, important metabolic reactions
are disrupted, resulting in the killing of the bacterial
cells. However, some resistant strains of microorganisms such as E. faecalis are resistant to NaOCl,
especially at low concentrations.[17] For instance, 0.5%
NaOCl took 30 min to destroy bacterial cells while the
use of NaOCl at high concentrations is undesirable
because it is an irritant to periapical tissues even
though its antimicrobial action is proportional to its
concentration.[18] Three percent sodium hypochlorite
showed good antibacterial sensitivity against wide
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array of micro-organisms isolated in the present study
[Table 1].

conventional antibiotics, but its effect against the
endodontic microflora is less explored.[24,25]

The search for alternatives to NaOCl has been evident
since many years owing to its effects as stated earlier.
Materials used on day-to-day basis for routine
processes have been tested. One such area of interest
is the herbal products which have been in the market
for a wide range of products. Curcumin is the primary
yellow bioactive component of turmeric and has a
wide spectrum of actions such as anti-inflammatory,
anti-oxidant, antibacterial, antifungal, antiprotozoal,
and antiviral activities.[19] Curcumin, a polyphenolic
compound, strongly inhibits bacterial cell proliferation
by inhibiting the assembly dynamics of filamenting
temperature-sensitive mutant-Z (FtsZ) in the Z-ring
needed for bacterial cell division. It also increases
the guanosine tri-phosphatase (GTPase) activity of
FtsZ. The perturbation of the GTPase activity of FtsZ
assembly is lethal to bacteria. Curcumin has a potent
antibacterial activity against a number of pathogenic
bacteria.[20]

In the present study, only few strains of Gram-positive
cocci facultative anaerobe and Gram-positive cocci
obligatory anaerobe showed some antibacterial effect.
The results of the present study were in accordance
with other studies.[26] The results of the present study
showed good but not 100% sensitivity of green tea
against S. mutans, S. pyogenes, S. aureus, etc. Completely
contrasting results (zero percentage sensitivity) were
found in case of Porphyromonas sp., P. intermedia, B.
fragilis, E. faecalis, etc., organisms isolated in the present
study.

Except for a few Gram-negative Bacilli obligate
anaerobes and Gram-positive cocci facultative
anaerobes, turmeric showed a wide spectrum of
antibacterial effect against the organisms most
commonly seen in the infected primary teeth such as
Porphyromonas species, P. intermedia, Peptostreptococci,
and E. faecalis that were isolated in this study.
The active ingredient curcumin does not lose its
active potential when extracted in the ethanolic
solvent. Various authors in their studies observed that
compared to the aqueous extract, ethanolic extract
showed better efficacy as the active component is
not soluble in water and stated that ethanol is a good
solvent for turmeric.[21,22] The present study also
concluded turmeric to have a good antibacterial agent
[Table 1] and was equally effective as NaOCl.
C. sinensis (green tea) is a commonly used beverage
that can lower the risk of cardiovascular problems,
periodontal disease, and has a good antibacterial effect.
These effects are a result of large amount of polyphenols
present within it such as the catechin, epicatechin, and
epigallocatechin gallate (EGCG). The EGCG is the
main component which acts as an anti-oxidant and
scavenger of free radicals. The antibacterial activity
is by disrupting the cell membrane and prevention of
DNA supercoil formation, thus destroying the bacteria.
Various studies have stated that polyphenols can
inhibit or kill pathogens such as S. aureus, Streptococcus
sobrinus, S. mutans, and P. gingivalis.[23]
Various studies have stated its anticaries effect, its effect
against periodontal pathogens such as P. gingivalis,
Aggregatibacter actinomycetemcomitans, and Prevotella
species, resistant strains of S. aureus and Pseudomonas
aeruginosa in nosocomial infections that can replace
170

One remarkable finding is the high proportion of
black-pigmented colonies of bacteria isolated in the
study which correlates with many studies so far. The
results of the present study can be justified by a larger
sample size and use of some other antibacterial tests
before its clinical application in dentistry.

Conclusion
In endodontic therapy, the main aim of treatment,
especially in the primary teeth is eradication of microorganisms. Hence, the antibacterial efficacy of the
irrigants is an important consideration. From the
present study, we conclude that:
1. The micro-organisms prevalent in primary teeth
with necrosis, abscess, and/or sinus tract include
Porphyromonas species, P. intermedia, B. fragilis
Peptostreptococcus, Fusobacterium, as obligate
anaerobes. Streptococcus pyogenes, S. mutans,
E. faecalis, and S. aureus, as facultative anaerobes.
2. The antimicrobial sensitivity testing done
with agar diffusion method on isolated microorganisms showed sodium hypochlorite and
C. longa (turmeric) to be equally effective whereas
C. sinensis (green tea) had least antibacterial activity
against the isolated microbes from primary teeth.
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Letter to Editor

Dentistry Section

Letter to the Editor on "Clinical
Evaluation of Success of Primary
Teeth Pulpotomy Using Mineral
Trioxide Aggregate, Laser and
Biodentine - An Invivo Study”

Niraj S. Gokhale1, Parin P. Shah2, Vidyavathi H. Patil3, Shivayogi M. Hugar4

Keywords: Biodentine, Laser, MTA, Pulpotomy
Dear Editor,
This is regarding the research article titled -“Clinical Evaluation
of Success of Primary Teeth Pulpotomy Using Mineral Trioxide
Aggregate, Laser and Biodentine- An In Vivo Study.” by Niranjani
K, Prasad MG, Vasa AA, Gaddam D, Thakur MS, Kanithi S. 2015
April;9(4):ZC35-37, in Journal of Clinical and Diagnostic Research
[1].
We would like to express certain concerns about this article1. The title of the article is not self-explanatory. It does not specify
which type of study it is [2].
2. Whether approval from ethical committee was obtained or not
is not mentioned and it is a must since the study involves live
subjects [3].
3. The criterion as advocated by American Academy of Pediatric
Dentistry [4] for inclusion of teeth into a pulpotomy group requires
that no root resorption is seen pre-operatively, also authors of
this study have made use of criteria laid down by Fuks AB and
Papagiannoulis L for selection of teeth into pulpotomy group
where at least 2/3 rd of the root length is present with no signs
of internal or other kind of root resorption. But the Intra-Oral
Periapical Radiographs (IOPA's) provided by the authors’s as pre
operative IOPA’S, already show root resorption which makes them
candidates fit for a pulpectomy procedure hence, the selected
cases do not seem to be appropriate.
4. No reference has been quoted for the indications or the criteria
of selection of the teeth for pulpotomy [5].
5. Also, the authors have not described the exact method and
technique for placement of MTA and Biodentine [6,7].

6. The authors have made use of Zinc Oxide Eugenol cement over
which Stainless Steel crowns were placed. But study by Shifflet
K, White SN, state that zinc oxide eugenol shows a greater micro
leakage, hence a more definitive restorative material like Glass
Ionomer should have been used by the authors. Also whether
the stainless steel crowns were placed immediately after the
pulpotomy procedure or the placement of crown was deferred
is not mentioned. This use of Glass Ionomer/Zinc Phosphate
Cement/Reinforced Zinc oxide Eugenol/Metal modified Glass
Ionomer cement may have a role in preventing micro leakage and
significantly improving the success rates [8].
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A bstract
Aim: The aim of this study was to assess the existing knowledge, attitude, and practices of “oral health care” in the prevention
of early childhood caries (ECCs) among parents of children in Belagavi city. Materials and Methods: A cross‑sectional study was
conducted in the outpatient Department of Pedodontics and Preventive Dentistry, KLE VK Institute of Dental Sciences, Belagavi,
Karnataka. Institutional Ethical Clearance was obtained. The study was conducted during the month of April 2014 to October 2014
after taking prior informed consent from the 218 parents. Inclusion criteria were parents getting their children treated for dental
caries and who were willing to participate. Parents who could not read and write were excluded from the study. The self‑administered,
close‑ended questionnaire was written in English. It was then translated in local languages, i.e. Kannada and Marathi, and a pilot
study was conducted on 10 parents to check for its feasibility and any changes if required were done. Results: The response rate
was 100% as all 218 parents completed the questionnaire. Of 218 parents, 116 were mothers and 102 were fathers. The overall
mean knowledge score was 69.5%. The overall mean attitude score was 53.5%. The overall attitude toward prevention of ECC was
not in accordance to knowledge. The overall mean of “good” practices and “bad” practices score was 33.5% and 18.5%, respectively.
Good knowledge and attitude toward oral health do not necessarily produce good practices.

Keywords: Attitude, early childhood caries, infant oral health, knowledge, practice

Introduction
Dental caries is the most common chronic disease of childhood,
globally.[1] Although dental caries’ levels have been declining
the world over, the problem of early childhood caries (ECCs)
has remained unchanged in many areas of the world, especially
the socially deprived.[2,3] Dental caries affecting the primary
dentition of preschool children is referred to as ECCs. ECC is
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defined as “the presence of one or more decayed (noncavitated
or cavitated lesions), missing (due to caries), or filled tooth
surfaces in any primary tooth in a child under the age of six.”[4]
ECCs is a multifactorial disease with an etiology that involves
a complex interaction between biological and socioeconomic
factors. It is classified as mild, moderate, and severe. In children
younger than 3 years of age, any sign of smooth‑surface caries
is indicative of severe ECCs (S‑ECCs). From ages 3 through
5, 1 or more cavitated, missing (due to caries), or filled smooth
surfaces in primary maxillary anterior teeth or a decayed, missing,
This is an open access article distributed under the terms of the Creative Commons
Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows others to remix, tweak,
and build upon the work non‑commercially, as long as the author is credited and the new
creations are licensed under the identical terms.
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or filled score of ≥4 (age 3), ≥5 (age 4), or ≥6 (age 5) surfaces
constitutes S-ECC.[4]

willing to participate. Inclusion criteria were parents getting their
children treated for dental caries or had a past dental history and
who were willing to participate. In addition, parents with children
with no medical conditions or no medications prescribed to
them were included in the study. Child’s age could be from being
a newborn till 72 months of age (ECC is referred to caries in
children <72 months of age)[4] and also parents having more than
two children were included in the study. Parents who could not
read and write were excluded from the study. In addition, parents
who were not the primary caretakers of their children or who had
children with medical problems were excluded from the study.

ECC affects the deciduous dentition more commonly referred
to as “milk” teeth. Deciduous teeth are very inappropriately
referred to as “temporary teeth” when in reality they are
responsible for general health, mastication, phonetics, esthetics
and self‑esteem, and also psychological comfort. Deciduous
teeth are an integral part of oral, general health, and affect the
quality of life.[5] Deciduous teeth if infected by dental caries can
cause pain and disfigurement making children uncooperative for
extensive treatment, sometimes necessitating the use of general
anesthesia (GA). Treatment under GA in children is not without
its associated risks. In addition, very few dentists are willing to
do treatment in such young children due to its time‑consuming
nature, monetary returns and are not trained enough.[6‑8]

Sampling and sample size
Convenience sampling was considered, and sample size was
calculated based on a formula by Cochran when population
is >500, the approximate sample size should be 218 with margin
error = 0.05 and data at t = 1.96.[15]

Deciduous teeth and permanent teeth are directly related, and
infection from deciduous teeth can directly pass on to permanent
teeth.[9] To maintain the permanent teeth uninfected, dental
practitioners advice pulp therapy or extraction and many parents
prefer to get deciduous teeth extracted due to financial and time
constraints.[10] Deciduous teeth are also the “best natural space
maintainer.”[11]

Methodology
The self‑administered questionnaire written in English was
adapted from Mani et al.[10] It had 29 items, 10 each in the
knowledge and practice components and 9 in the attitude
component, and took about 10–15 min to complete. It was then
translated in local languages, i.e. Kannada and Marathi. These
questionnaires were later back‑translated in English and verified
with the original English questionnaire by pediatric dentists
who were well‑versed in all the three languages. The scoring for
practice was based 4‑point Likert scale, respectively while the
scoring for knowledge and attitude included true/false/do not
know responses. All aspects of oral health promoting factors in
children including oral hygiene, diet, and fluoride, and awareness
regarding infant oral health and practices were addressed.
Suggestions from public health dentists, regarding the content
of all the three questionnaires, were also taken and incorporated.

Parents are responsible for their child’s oral health care.
Preschool children are not capable of brushing themselves
and lack the manual dexterity and the psychological maturity
to understand the importance of maintaining oral health. With
changing lifestyles, a trend of having a single child and increased
the cost of living, most of the parents are working with very less
time left for performing day‑to‑day oral health care practices
in their child’s early years.[10] Especially in preschool children,
parental role is the most important aspect of maintaining good
oral health.[12,13]

A pilot study was conducted on 10 parents to check for its
feasibility, clarity, comprehensiveness, and acceptability; any
changes if required were done. The respondents opined to
have understood the content of the questionnaire and, also,
understood what it intended to measure. The pilot study
responses were not considered in the main study. This pretested
questionnaire addressed the knowledge, attitude, and practices
of oral health care for prevention of ECC.

In spite of two dental institutions in the Belagavi city, a recent
study by Sankeshwari et al. reveals a high prevalence of dental
caries, i e., 67.22%.[14] Tooth decay can be prevented and so
can be ECC. It’s indeed a matter of concern that in spite of so
many “oral health promotion” activities, awareness campaigns,
and advertisements on social media the prevalence of ECC is
high. This study was undertaken with the aim of assessing the
existing knowledge, attitude, and practices of oral health care
in Belagavi city.

Results

Materials and Methods

The response rate was 100% as all 218 parents completed the
questionnaire. Of 218 parents, 116 were mothers and 102 were
fathers. Nearly 77% of the participants were from 30 to 39 age
groups. About 18% participants had primary education while
51%, i.e. maximum people had higher secondary education.
Only 30% people had University level education, 38% of the
participants were homemakers/unemployed, i.e., the mothers
of children only. Other 61.5% people were either self‑employed
or salaried employees. Mothers had significantly better overall
knowledge scores than fathers. In addition, participants with

Study design
A cross‑sectional study was conducted in the outpatient
Department of Pedodontics and Preventive Dentistry,
KLE VK Institute of Dental Sciences, Belagavi, Karnataka.
Ethical clearance was obtained from the Research and Ethical
Committee, VK Institute of Dental Sciences. The study was
conducted during the month of April 2014 to October 2014
after taking prior informed consent from the parents who were
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higher education level had significantly better overall knowledge
scores than less educated parents [Table 1].

of starting top‑up foods along with breast/bottle feedings
from 6 months of age.

Knowledge

Attitude

The overall mean knowledge score was 69.5%. The percentage
of parents who answered correctly, for individual knowledge
questions is shown in Figure 1. Nearly 69.5% of parents
were aware that caries can affect infants below 2 years, but
19.5% of parents answered incorrectly, and 11% parents
were in a dilemma about the same fact. When asked about
food cariogenicity, 81.5% of parents knew that sweet food
causes tooth decay but knowledge regarding when to begin
using fluoridated toothpaste and whether deciduous teeth
need treatment appeared to be low, i.e., 54% and 42.5%,
respectively. However, 88% parents were knowing the
importance of brushing teeth and 73.5% parents were aware

The overall mean attitude score was 53.5%. The overall attitude
toward prevention of ECC was not in accordance to knowledge
which had an average of 69.5%. The percentage of participants
who correctly answered individual attitude questions is shown
in Figure 2. Only 40.5% parents were aware that dental caries
can be transmitted by sharing feeding utensils, i.e., mainly
through saliva; on the contrary, majority, i.e., 45.5% parents
believed it cannot be transmitted from parents to children.
Similarly, night time bottle feeding is harmful was known to
45.5% parents but prolonged and frequent breastfeeding too
can be harmful was known to only 39.5% parents while 48.5%
disbelieved it. The most surprising revelation was that most of
the parent’s, i.e., 50.5% believed children can brush their teeth
independently. Only 60% parents responded positively regarding
child visit to dentist before 2 years of age. Attitude is just above
50%; hence, we can say it is above average, but parents need
to be educated and motivated to improve their attitude toward
prevention of ECC.

Table 1: Sociodemographic characteristics of the
study population
Frequency % (n=218)
13
77
10

Practices
The practices were categorized into “good” practices and “bad”
practices. The overall mean good practice and bad practice
score were 33.5% and 18.5%, respectively. An analysis of the
practice score for individual questions is shown in Figure 3. The
most prevalent bad practice was giving sweet food frequently,
i.e., 49.5%. Good practices for the instance use of fluoridated
toothpaste was relatively low, i.e., 56%. The percentage prevalence
of bad practices is low, but good practices are also relatively low.
Therefore, good practices need to be increased. The education
level of the parents had a positive effect on their practices. Parents

47
53
18
51
30
38
25
27
9.5

90

13
56
31

80
70
response in %

response in %

Variables
Age group
20-29
30-39
>40
Parental status
Father
Mother
Education
Primary level
High school/diploma
High school/diploma
Occupational status
Homemakers/unemployed
Business
Skilled worker
Professionals
Number of child
1
2
>3
100
90
80
70
60
50
40
30
20
10
0

60
50
40
30
20
10
0

Answers

Figure 1: Percentage of correct answers for knowledge questions
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From this study, it is clear that awareness regarding bad practices
is abundant which is indicated by the low prevalence, i.e. 18.5%
approximately. This reveals an important take home message for us
dentists that parents need to be trained and motivated to carry out
oral hygiene practices in a proper way and efficiently. In addition,
knowledge regarding the use of fluoridated toothpaste (level of
evidence for the use of fluoridated toothpaste is 1++ to 1+)[4,19]
and whether deciduous teeth need treatment appeared to be low,
i.e., 54% and 62.5%, respectively.

50
45
40
35
30
25
20
15
10
5
0

In addition, a general low score was found in the knowledge,
attitude, and good practices in infant oral health care such as
timing for first dental visit, ideal time to start use of fluoridated
toothpaste, need to restore deciduous teeth, ill‑effects of night
time, frequent and prolonged breast/bottle feeding, harm caused
by swallowing of toothpaste.[4,10,16,20]

Figure 3: Percentage of correct answers for practice questions

The role of bacteria in the causation of dental caries was not
acknowledged by the majority of the parents which was reflected
by the prevalent practice of sharing utensils and biting food into
small pieces before feeding in this study. This is in accordance
with studies by Mani et al. and Togoo et al.[20] The focus should be
on parents/carers to encourage to limit their child childir childlent
practice of sharing utensils and biting food iivated to carry out
oral hygiene practices in a proper way carers and children should
be advised that foods and drinks containing sugar substitutes are
available, but should be consumed in moderation. Sugar‑free
medicines should be used when available. Parents/carers should
be encouraged to brush their child childaged soon as the first
tooth appears, using a soft toothbrush and water only. Children
who use a baby bottle should be advised never to put sweet
drinks, including fruit juice, into the bottle and breast‑feeding
should not be practiced at will of the child. Parents/carers should
be advised not to let their child sleep or nap with a baby bottle
or being breast‑fed.[4,19,21] Other studies by Oredugba et al. and
Al‑Zahrani et al. also revealed that parents are aware of the fact
that milk teeth are as important as permanent teeth and also
affect the general health of the child.[22‑24] In spite of these facts
being known to parents, their inability to take proper oral health
care is indeed surprising, and the hurdles in practicing oral health
practices along with other reasons behind this situation can be
further explored using qualitative study.

who did not complete a high school education had lower mean
practice score than those with a higher education.
To summarize, it is interesting to note that the percentage of
knowledge about ECC in parents was high, i.e., 69.5%, followed by
attitude, i.e., 53.5% but that of good practices was low, i.e., 33.56%.

Discussion
Parents are role models for their children. Children learn habits
by imitating their role models and the best way to teach them is
to practice these oral hygiene practices ourselves. Dental caries is
a preventable disease and if it is noticed at an early stage, children
cooperate better and parents save their valuable time and money
spent on dental treatments which are also inclusive of the loss of
pay for multiple visits for the treatment. Hence, prevention at the
root level, i.e., primordial prevention and oral health education
of parents is essential as the preschool age group (2–4 years of
age) is dependent on them for their oral health care needs. Later,
from 2 years onward, oral health promotion strategies such as
fluoridated toothpaste, etc., can be begun in cooperation with
the parents. To attain these goals, one needs to assess the existing
levels of knowledge, attitude, and practices to bring about the
necessary changes.
In addition, children with primary dentition affected by dental
caries are prone to the development of dental caries in permanent
dentition. Hence, children reinforced at an early age by their
parents are motivated and trained for a lifetime.

The limitations of this study were that it was carried out in one
institution only by convenience sampling or nonprobability
sampling with a small sample size.

Studies assessing the parents ability to care for child’s oral health
reveal that parents do not have enough time, lack of knowledge
in brushing, job/employment stress, and last but not the least,
due to nuclear families and working parents many parents do
not raise their children themselves, and leave them at day‑care
centers or crèches.[16]

Conclusion
This study shows that in spite of good knowledge among
parents, their attitude, and practices are lacking to keep up
with necessary standards. Parents play a pivotal role and are
the primary caretakers. Therefore, the main focus should be on
parents during oral health promotion for children, especially of
preschoolers and children <6 years. In addition, awareness to
visit the dentist before child’s first birthday should be insisted.[4]

Several studies have found that good knowledge and attitude toward
oral health does not necessarily produce good practices.[10,17,18]
Journal of Family Medicine and Primary Care
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Parents should be informed to brush their children’s teeth at least
once by parents themselves at night before going to bed. This
shows that parents need to be trained and motivated to carry
out oral hygiene practices in a proper way and efficiently.[4,19,21]

and management of children in Riyadh, Saudi Arabia. J Pak
Dent Assoc 2011;20:245‑9.
9.

10. Mani SA, John J, Ping WY, Ismail NM. Knowledge, attitude
and practice of oral health promoting factors among
caretakers of children attending day‑care centers in Kubang
Kerian, Malaysia: A preliminary study. J Indian Soc Pedod
Prev Dent 2010;28:78‑83.

In addition, due to inability of parents to carry out oral hygiene
practices, additive professional preventive practices such as (a)
topical fluoride application and, (b) pit and fissure sealants
should be carried at primary health centers (PHCs) along with
vaccinations after complete eruption of all deciduous teeth,
especially deciduous molars as they have a longer lifespan in the
oral cavity of children. For this purpose, more dentists should
be recruited in PHCs or else nurses should be trained in carrying
out these preventive therapies.

11. Wright GZ, Kennedy DB. Space control in the primary and
mixed dentitions. Dent Clin North Am 1978;22:579‑601.
12. Castilho AR, Mialhe FL, Barbosa Tde S, Puppin‑Rontani RM.
Influence of family environment on children’s oral health:
A systematic review. J Pediatr (Rio J) 2013;89:116‑23.
13. Naidu R, Nunn J, Forde M. Oral healthcare of preschool
children in Trinidad: A qualitative study of parents and
caregivers. BMC Oral Health 2012;12:27.
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Abstract:
Background: The purpose of this study was to evaluate and
compare the efficacy of Pro-taper Universal Rotary re-treatment
system; H-file and K-flex file in removing gutta-percha (GP) from
root canal during re-treatment.
Materials and Methods: A total of 54 permanent single-rooted
maxillary and mandibular premolars enlarged up to master apical
file size 30 and obturated with GP and AH-Plus sealer. Teeth were
randomly divided into three groups (n = 18). Re-treatment was
carried out using three techniques. Group A: Pro-taper Universal
Rotary re-treatment system followed by Pro-taper finishing files,
Group B: H-files followed by Pro-taper finishing files, and Group C:
H-files followed by K-flex files. Stereomicroscopic images of the
area of root canal filling were assessed and evaluated in mm2 using
an image analyzer software.
Data were analyzed statistically using one-way analysis of variance
and Newman–Keuls multiple post-hoc procedure.
Results: Remaining filling material was observed in all specimens.
However, Pro-taper was significantly more effective than H-files
and K-flex files.
Conclusion: All techniques left GP/sealer remnants within the
root canal. Pro-taper Universal Rotary re-treatment system proved
to be an efficient method of removing GP/sealer from the root

canal and resulted in a smaller percentage of canal area covered with
GP/sealer when compared with H-files and K-flex files.
Key Words: Endodontic re-treatment, gutta-percha removal,
Pro-taper Universal Rotary re-treatment system

Introduction
The success of root canal treatment is based on the triad of
debridement, sterilization, and obturation. The complexity
of the cases being treated is increasing. With advances in
techniques and technology such difficult cases are treated
successfully. However, despite of having a high degree of
success root canal treatment may not lead to the desired
response and failure may occur. When root canal treatment
fails other options are namely re-treatment, periradicular
surgery/extraction.1 Non-surgical re-treatment is the most
conservative attempt to reestablish healthy periapical tissues.1,2
It aims to thoroughly remove the obturated material so as to
enable effective cleaning, shaping and filling.3 Various methods
used to remove gutta-percha (GP) from canals include hand
instruments, ultrasonics, lasers, heat carrying instruments,
and NiTi rotary instruments.3-5 Pro-taper Universal Rotary
re-treatment system consists of three re-treatment instruments
(D1, D2, D3) designed for removing filling materials from the
canals. Hence, this study was aimed to evaluate and compare
the efficacy of H-file, K-flex file, and Pro-taper Universal Rotary
re-treatment system in removal of GP from root canals.
Materials and Methods
A total of 54 single-rooted permanent premolars, with single
patent canal and fully formed apices, were selected for the
study. It was ensured that teeth with fractures, calcifications and
internal resorption were excluded from the study. Soft tissue
and calculus were mechanically removed from the external
root surface.
Sample preparation
Access opening was performed with high-speed handpiece
No. 2 round diamond bur, and working length (WL) was
determined by passing a No. 10-K file into the canal until the tip
was just visible at the apical foramen and 1 mm was subtracted
from the length. Teeth were then sectioned with a diamond
disc at the level of the cementoenamel junction to get a uniform
WL of 14-15 mm in each tooth. Canal orifice was enlarged
using Gates Glidden 1, 2, and 3. Canals were enlarged to a
master apical file size 30 using K-files in a step back technique
up to ISO size 50 K-file. Upon withdrawal of each instrument,
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canals were irrigated with 5.25% NaOCl with a final flush of
17% ethylenediaminetetraacetic (EDTA). Canals were dried
and obturated using AH-Plus sealer and GP cones using cold
lateral condensation technique. Orifices were sealed with the
cavity. Teeth were radiographed to confirm the adequacy of
obturation. All teeth were stored in a humidifier at 37°C for
30 days to allow complete setting of the sealer. Samples were
randomly divided into three groups with 10 specimens each.
The temporary material used for the seal was removed using
a round bur, thus forming a reservoir for eucalyptol that was
used as a solvent.

Which were used in a gentle brushing action at a speed of
300 rpm, as per the manufacturer’s instructions.
Group C: Re-treatment was carried out using: Hedstrom
hand files, with further canal preparation using K-flex hand
files.
In this group, the method of removing obturated material was
the same as in Group B. Further root canal refinement was
accomplished using K-flex hand files with apical enlargement
to ISO size 35 and step-back in 1 mm increments to ISO
size 50. The files were used with push and pull motion in a
circumferential manner.

Procedure for re-treatment
Re-treatment was carried out using the following method:

All the 54 teeth were then rendered transparent by first
decalcifying them in 5% nitric acid then dehydrating them in
80% alcohol for 12 h, 90% alcohol for 1 h, and 100% alcohol
for 3 h. The teeth were then cleared using methylsalicylate. To
reduce interoperator variability, each root canal was prepared,
obturated and retreated by the same operator.

Group A: Re-treatment was carried out using: Pro-taper
Universal Rotary re-treatment instruments with further canal
preparation using Pro-taper Universal shaping and finishing
instruments.
In this group, the obturated material was removed using Protaper Universal Rotary re-treatment instruments following
the manufacturer’s instruction. The re-treatment rotary files
namely D1 (9% taper, size 30) file, D2 (8% taper, size 25)
file, and D3 (7% taper, size 20) file were sequentially used in
a crown-down manner, using light apical pressure to reach
the pre-established WL, they were manipulated in a brushing
action with rotational speed set at 500 rpm.

One set of instruments were used for re-treatment of five
root canals. Files were wiped regularly using gauze to remove
obturated material and debris. The preparation was deemed
to be complete when there was no more GP/sealer covering
the instruments and canal walls were smooth.
Evaluation
For all roots, the following data were recorded.

In teeth samples where the rotary instruments did not
advance in the canal prior to reaching the designated depth
(i.e. pre-established WL), K-files (hand instruments) were
used to establish the glide path before reintroducing the rotary
instruments.

Canal wall cleanliness
The amount of GP/sealer remnants on the canal walls was
imaged using a stereomicroscope with ×8 magnification. The
area of GP/sealer remnants, as well as the canal wall, was
measured in mm2 using the image analyzer software.

Root canal refinement was accomplished using Pro-taper
Rotary shaping - S1 (2-11% taper, size 17), S2 (4-11.5% taper,
size 20), and finishing F1 (5.5-7% taper, size 20), F2 (5.5-8%
taper, size 25), and F3 (5-9% taper, size 30) instruments, which
were used in a gentle brushing action at a speed of 300 rpm, as
per the manufacturer’s instructions.

Results
Table 1 shows descriptive statistics in the form of a mean and
standard deviation of Pro-taper Universal Rotary re-treatment
system + Pro-taper Universal shaping and finishing files
(27.6278 ± 7.4095), H-files + Pro-taper Universal shaping
and finishing files (52.3100 ± 8.5264), and H-files + K-flex
files (58.4083 ± 9.7444).

Group B: Re-treatment was carried out using: Hedstrom hand
files with further canal preparation using Pro-taper Universal
Rotary shaping and finishing instruments.

On one-way analysis of variance (Kruskal–Wallis ANOVA)
(Table 2): The mean percentage of area covered by the
GP/sealer remnants after treatment by the investigated
techniques (Group A: Pro-taper Universal Rotary re-treatment
system + Pro-taper Universal shaping and finishing files;

In this group, the removal of obturated material was initiated
with the use of ISO size 15 and 20 Hedstrom hand files which
were used for deep penetration within the obturated material
until they reached the pre-established WL. The removal of
GP was completed using H-files ISO sizes 30, 25, 20 (hand
instruments) in a circumferential quarter-turn push-pull filing
motion. Once the bulk of the obturated material was removed,
canal refinement was accomplished using Pro-taper Universal
Rotary shaping (S1, S2) and finishing (F1, F2, F3) instruments.

Table 1: Summary of statistics.
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Groups

Mean

Standard
deviation

Standard
error

Coefficient of
variation

Group A
Group B
Group C

27.6278
52.3100
58.4083

7.4095
8.5264
9.7444

1.7464
2.0097
2.2968

26.8189
16.2997
16.6833
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Table 2: Comparison of three groups with percentage of GP/Sealer remaining on the root canal wall by one‑way ANOVA test.

Source of variation

Degrees of freedom

Sum of squares

Mean sum of squares

F value

P value

2
51
53

9563.07
3783.41
13346.48

4781.5331
74.1845

64.4546

<0.001

Between groups
Within groups
Total
*Significant at 1% level of significance (P<0.001)

Group B: H-files + Pro-taper Universal shaping, and finishing
files; Group C: H-Files + K-Files) in the three groups were
27.6278, 52.3100, and 58.4083, respectively.

Table 3: Pair wise comparison of three groups by Newman–Keuls
multiple post‑hoc procedure.

With the degree of freedom and critical F-probability value
determined (F = 64.4546), the homogeneity of variance testLevine statistic suggested that the variance among the groups
is not significantly different from each other. Hence, the robust
test of equality of means - Welch statistic inferred that there
is a statistically significant difference between the efficacy of
the techniques in removing GP/sealer from root canal during
re-treatment (P < 0.001).

Groups

Group A

Group B

Group C

Means
Group A
Group B
Group C

27.6280
‑
0.0001*
0.0001*

52.3100
‑

58.4080

0.0386**

‑

*Significant at 1% level of significance (P<0.001). **Significant at 5% level of significance (P<0.05)

failure making re-treatment necessary are insufficient cleaning
and inadequate obturation.9 The primary difference between
nonsurgical management of primary endodontic disease versus
post-treatment disease is the need to regain access to the apical
foramen of the root canal space in the previously treated tooth.8

On pair wise comparison of the three groups by Newman–
Keuls multiple post-hoc test (Table 3) a statistically significant
difference was recorded among Group A, Group B, and
Group C.

Non-surgical endodontic re-treatment, when indicated,
requires regaining of access to the entire root canal system
through complete removal of the pre-existent endodontic
obturating material. This enables thorough chemicomechanical
reinstrumentation and redisinfection of the entire root canal
system, which are prerequisites for successful re-treatment.10
Only if the filling material can be removed completely and
the root canal negotiated to the apical foramen, thus allowing
thorough debridement, will the prerequisites for successful
re-treatment be fulfilled. In these cases, the success rates for
re-treatment range from about 65% to more than 80%.9

Hence, pertaining to techniques used to remove GP/sealer in
re-treatment cases, Pro-taper Universal Rotary re-treatment
system + Pro-taper Universal shaping and finishing files was
found to be the most efficient (Figure 1), followed by Group B:
H-files + Pro-taper Universal shaping and finishing files
(Figure 2). Those treated with H-files + K-flex files (Figure 3)
showed almost 59% of the mean percentage of area covered
by the GP/sealer remnants.

Possibility of re-treatment depends on the feasibility of
completely removing the original obturated material.11

Discussion
The success rate for root canal treatment is between 80% and
95%. Studies vary, with reported success rates ranging from a
high of 95% to a low of 53%. Unfortunately, not all root canal
treatments are successful.6

Removing as much sealer and filling material as possible from
inadequately prepared and filled root canal is critical to uncover
remnants of necrotic tissue or bacteria that maybe responsible
for periapical inflammation and failure.12

Major factors associated with endodontic failure are the
persistence of microbial infection in the root canal system and
or the periradicular area. Nevertheless, there are some cases
in which the treatment has followed the highest technical
standards, and yet failure results.7

Several techniques, employing various instruments have
been proposed for removing root filling materials. 4 The
techniques used to remove GP from root canals include manual
endodontic hand instruments, ultrasonics, lasers, heat carrying
instruments, as well as NiTi rotary instruments.5 In many
cases, the combined use of different techniques maybe the
most efficient and time-saving method. Nevertheless, removal
in many cases is a tedious and time-consuming procedure,
especially in narrow and curved canals or when the filling
material is well-condensed.13

A growing interest in endodontic re-treatment has been seen
recently, caused by increasing demand to preserve teeth,
including those cases where endodontic therapy has failed.2
Many causes of failure of initial endodontic therapy include
iatrogenic procedural errors, such as poor access cavity design,
untreated canals (both major and accessory), canals that are
poorly cleaned and obturated, complications of instrumentation
(ledges, perforations or separated instruments), blamed for
the post-treatment disease.8 The main causes of endodontic

Conventionally, the removal of GP using hand files with or
without solvents can be tedious, time-consuming process,
especially when the root filling material is well condensed.14
125
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A new generation of endodontic instruments made of nickeltitanium has been developed. These were investigated initially
by Walia et al., who assessed their bending and torsional
properties compared to K-type files. The nickel-titanium files
showed two to three times more elastic flexibility than stainless
steel files due to the very low values of modulus of elasticity.
They also showed superior resistance to torsional fracture,
because of the ductility of nickel-titanium. Use of rotary NiTi
instruments in root canal re-treatment may decrease patient
and operator fatigue.14

In the present study, the Pro-taper Universal Rotary
instruments left a smaller percentage of area covered by
GP/sealer remnants than those treated with other techniques.
The better performance of Pro-taper Universal re-treatment
instruments in the present study maybe attributable to their
design. Moreover, the specific flute design and rotary motion
of the Pro-taper Universal re-treatment instruments tend to
pull GP into the file flutes and direct it toward the orifice.
Engine-driven files produce a certain degree of frictional
heat which might plasticize GP. The plasticized GP would
thus present less resistance and be easier to remove. Prior
to the introduction of Pro-taper Universal re-treatment
files, Pro-taper rotary finishing files had been used for GP
removal. This technique yielded a high fracture incidence of
22.7%. Procedural errors including instrument fracture were
not noted in the present study, demonstrating the safety of
Pro-taper Universal re-treatment instruments in endodontic
re-treatment.3

Premolar teeth were selected in this study. Although their
canals are often straight, they are often flattened mesiodistally (M-D), an important anatomic variation during
their treatment. All root canals in this study were prepared
initially to size 35 with a 2% taper. This was assumed to
represent rather narrow and often underprepared root canals,
which frequently are found in re-treatment cases. Probably,
preparation to sizes of 30 or even 25 may have been more
appropriate from a clinical prerogative, but this would have
resulted in some of the instruments used for GP removal
cutting not only GP but also dentine.13 Upon withdrawal of
each instrument, canals were irrigated alternatively with 5.25%
NaOCl and 17% EDTA.3

H-files were used for hand instrumentation as in many
previous studies.15 Furthermore, a combination of H-files
and K-files were used for re-treatment.5 Studies have shown
that the use of Hedstrom files without a solvent is more time
consuming but results in better canal cleanliness. It is difficult
to direct NiTi instruments in the apical region. Manually
operated Hedstrom files allowed better preparation of isolated
root canal wall areas.

The root canals were filled using GP and AH-Plus sealer using
lateral condensation technique. This obturation technique was
used in many retreatment studies.2 AH-Plus is an epoxy resin
based sealer, adds to difficulty during re-treatment since it has
better adhesion to root canal wall and hence it was used in the
present study. Access cavities were sealed with cavity. The
quality of the root fillings was confirmed using post-operative
radiographs in bucco-lingual and M-D views. All teeth were
stored at 37°C in a humidifier for 30 days to allow complete
setting of the sealer.1

Different techniques have been used to evaluate remaining filling
material namely radiography, splitting teeth longitudinally, or
making the teeth transparent.3 Schirrmeister et al. reported
that residual material might be lost by splitting the roots
longitudinally. In the present study, the roots were cleared
to allow measurement of the area of the residual filling
material.14 The transparent (clearing) teeth method appears
to be cost effective and sensitive enough to identify a small
area of residual GP/sealer on the canal wall.3 In this study,
the residual GP/sealer on the root canals was imaged using
stereomicroscope as it was considered a simple and efficient
assessment method.4 The area of GP/sealer remnants, as
well as the canal wall, was measured in mm2 using the image
analyzer software.3 This software aids in standardization, is
reproducible, repeatable, automatic, and gives quick results.
On the other hand, it is expensive.

The temporary filling material was removed with a round bur,
thus forming a reservoir for eucalyptol oil that was used to
soften the GP. In the present study, eucalyptol was used as a
solvent. Although chloroform is known to be more efficient
in dissolving GP, it has been reported to be locally toxic in
contact with periradicular tissues and has been classified as
a carcinogen.13 Eucalyptol has been reported to be a safe
and efficient alternative to chloroform. Eucalyptol was also
used in previous re-treatment studies comparing rotary
instruments.2

It is impossible to remove all traces of GP/sealer from root
canals with any re-treatment technique, regardless of single or
combined action. This was also demonstrated in the present
study, as none of the specimens was free of GP/sealer remnants
under stereomicroscopic examination.3 The results were
then analyzed statistically using one-way ANOVA test and
Newman–Keuls multiple post-hoc procedure.

All samples were randomly divided into three groups of
18 teeth each and re-treatment was performed using the
following test instruments:
1. Group A: Pro-taper Universal Rotary re-treatment files +
Pro-Taper shaping and finishing files
2. Group B: Hedstrom hand files + Pro-taper shaping and
finishing files
3. Group C: Hedstrom hand files + K-flex hand files.

Results showed that in the present study, Group 1 removed
GP/sealer from root canals more efficiently compared with
126
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Figure 3: Sample in Group C, (a) Stereomicroscopic image of
remaining gutta-percha (GP)/Sealer, (b) GP/Sealer remnant
area analyzed with image analyzer software.

Figure 1: Sample in Group A, (a) Stereomicroscopic image of
remaining gutta-percha (GP)/Sealer, (b) GP/Sealer remnant
area analyzed with image analyzer software.

de Carvalho Maciel and Zaccaro Scelza,18 Giuliani et al.,19
Shivanand et al.20
The results of our study demonstrate that Pro-taper Universal
Rotary instruments left a smaller percentage of area covered by
GP/sealer remnants than those treated with other techniques.
Further studies are required to assess the efficiency of both
hand and rotary instruments for re-treatment in a clinical
scenario.
Conclusion
Completely clean root canal walls were not achieved with
any of the techniques investigated in this re-treatment study.
It can be graded as Pro-taper Universal Rotary re-treatment
system + Pro-taper Universal shaping and finishing files >
H-files + Pro-taper Universal Shaping and finishing files >
H-files+ K-flex files. However, additional in-vivo and in-vitro
studies are necessary to the findings of our study.

a

b
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ABSTRACT
Introduction: Microorganisms, predominantly Enterococcus
Faecalis are found responsible in the progression of pulpal,
periradicular diseases and in endodontic failures. Unsuccessful
conventional treatment might necessitate the need for a surgical
approach; where in retrograde restorative materials are used
to seal the apex. Among the root end filling materials, Mineral
Trioxide Aggregate (MTA) is considered biocompatible and is
most commonly used in clinical applications but it has limited
antibacterial activity. Metallic silver and chlorhexidine have been
added into various dental materials to enhance the antibacterial
activity.
Aim: This study aimed to compare the antibacterial effect
of MTA, MTA mixed with silver zeolite and MTA mixed with
chlorhexidine against Enterococcus Faecalis.

Materials and Methods: Test materials used in the study were
divided into three groups namely Group 1- MTA , Group 2-MTA +
Silver Zeolite , Group 3-MTA + Chlorhexidine. Direct contact test
was done by placing a standardized suspension of Enterococcus
Faecalis on the test materials in a 96 well microtiter plate. The
bacterial growth was measured spectrophotometrically using
ELISA reader at intervals of one, three and seven days.
Statistical Analysis: Data was collected by recording the
optical density and analyzed using two-way ANOVA and Tukey’s
multiple post hoc test followed by paired-t test.
Results and Conclusion: All test groups showed antibacterial
activity against Enterococcus Faecalis at day one, three
and seven. MTA with silver zeolite showed the maximum
antibacterial activity followed by MTA with 2% chlorhexidine.
The least antibacterial effect was shown by MTA mixed with
sterile water.

Keywords: Antibacterial additives, Direct contact test, Enterococcus faecalis, Root end filling materials

Introduction
The endodontic treatment aims at cleaning, shaping followed
by complete obturation of the root canal system [1]. Failure after
endodontic therapy is due to persistent or secondary infection
especially of Enterococcus Faecalis in poorly and in well treated
root canals [2]. Surgical intervention aims to remove the infected
root end and ensure good root canal sealing using root end filling
materials. Among the numerous root end filling materials available
MTA is most frequently used and has shown long term clinical
success [3]. However some studies showed MTA to have no effect
or to delay the growth of Enterococcus Faecalis [4-6].
Incorporation of certain additives like metallic silver and
chlorhexidine has shown to enhance antibacterial properties of
various dental materials [7, 8]. So the purpose of the study was
to assess whether incorporation of these additives enhance the
antibacterial efficacy of MTA especially against E. Faecalis.
Antibacterial efficacy of root end filling materials can be evaluated
using agar diffusion test, however it was found to be insensitive
and unable to differentiate with bactericidal or bacteriostatic ability
[9]. Therefore a more appropriate, quantitative and reproducible
test such as direct contact test would be more appropriate [10].
So the present study aimed to evaluate the antibacterial effect
of MTA, MTA mixed with silver zeolite and MTA mixed with
chlorhexidine against Enterococcus Faecalis using direct contact
test.

MATERIALS AND METHODS
This in vitro study was conducted in Department of Conservative
Dentistry and Endodontics in collaboration with Department of
Microbiology, KLE’s VK Institute of Dental Sciences, Belgaum,
Karnataka, India in the year 2013.
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The study had three main groups based on the addition of
antibacterial agents to MTA as follows:
Group 1: Mineral Trioxide Aggregate (ProRoot MTA, Dentsply.)
was dispensed and mixed with sterile distilled water in the ratio of
1:1 as the control group.
Group 2: Powder form of silver zeolite (Sigma Aldrich Chemie
GmbH, Germany, Batch #06306CJ.) was added at 2% mass
fraction to Mineral Trioxide Aggregate powder and mixed with
sterile distilled water.
Group 3: Mineral Trioxide Aggregate was mixed with 2%
chlorhexidine (V – Consept) in 1:1 ratio.
Test Microorganism
Enterococcus Faecalis (ATCC 29212) was grown on brain
heart infusion agar plate and then sub-cultured on nutrient agar
medium. After confirming the purity of the strain, the bacterial
suspension was inoculated into 5ml of 85% saline and adjusted
spectrophotometrically at 800nm to match the transmittance of
90T (equivalent to 0.5 McFarland scale =1.5x108 C.F.U) [11].
Direct Contact Test [10]
Direct contact test is based on determining the turbidity of bacterial
growth in 96 well microtiter plates. In the present study all the test
materials were freshly mixed and were placed at the bottom of
four wells in the microtiter plate (subgroup A) to a height of 2mm
which were then exposed to 10µl bacterial suspension [Table/
Fig-1]. BHI broth (245µl) was added after ensuring direct contact
of the bacteria to the test material [Table/Fig-2]. After mixing for
2 min, 15µl was transferred into four adjacent wells (subgroup B)
containing 215µl fresh medium. The kinetics of bacterial outgrowth
in each well were then followed by continuous measurements by
ELISA reader measured at 630 nm[Table/Fig-3]. Densitometric
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[Table/Fig-1]: Wells coated with test materials. [Table/Fig-2]: Transfer of brain heart infusion broth to the microtiter wells. [Table/Fig-3]: Elisa Reader (Stat Fax 2100) (Awareness
Technology).
SV

DF

SS

MSS

F-value

p-value

Groups

2

0.0431

0.0215

485.1430

<0.0001

Sub groups

1

0.0124

0.0124

279.3269

<0.0001

Groups x Sub groups

2

0.0020

0.0010

22.4702

<0.0001

Error

18

0.0008

0.0000

Total

23

0.0583

[Table/Fig-4]: Two way ANOVA between main groups (1 and 2) and sub groups ( 1
and 2) with respect to optical density at 1st day.
*Abbreviations: SV-Sources of variation, DF-Degrees of freedom, SS-Sum of squares, MSS-Mean
sum of squares, p-Probability, SD-Standard deviation

Main groups

Group 1

Group 2

Sub
group A

Sub
group
B

Mean

0.2649

SD

0.0112

Group 2

Group 3

MSS

F-value

p-value

Groups

2

0.0453

0.0226

408.4914

<0.0001

Sub groups

1

0.0172

0.0172

309.4468

<0.0001

Groups x Sub groups

2

0.0006

0.0003

5.5780

0.0130*

Error

18

0.0010

0.0001

Total

23

0.0641

[Table/Fig-6]: Two way ANOVA between main groups (1 and 2) and sub groups (1
and 2) with respect to optical density at 3rd day.

*Abbreviations: SV-Sources of variation, DF-Degrees of freedom, SS-Sum of squares, MSS-Mean
sum of squares, p-Probability, SD-Standard deviation

Group 3

Main groups

Sub
group A

Sub
group
B

Sub
group
A

Sub
group
B

0.1940

0.1402

0.1112

0.1931

0.1567

0.0035

0.0021

0.0063

0.0067

0.0063

Sub
group 1

-

Sub
group 2

0.0002*

-

Sub
group 1

0.0002*

0.0002*

Sub
group 2

0.0002*

0.0002*

0.0002*

-

Sub
group 1

0.0002*

0.9998

0.0002*

0.0002*

Sub
group 2

0.0002*

Sub
group
B

Sub
group
A

Sub
group
B

Mean

0.3455

0.2954

0.2367

0.1936

0.2883

0.2211

SD

0.0066

0.0085

0.0111

0.0033

0.0070

0.0059

Group 3

0.0002* 0.0002*

-

*p<0.05

readings were taken on the first, third and seventh day from each
set of samples. The experiments were triplicated.

STATISTICAL ANALYISIS
All the data collected by recording the optical density were analyzed
using two-way ANOVA and Tukey’s multiple post hoc test followed
by paired-t test.

RESULTS
According to the results of the study, two way ANOVA and Tukey’s
multiple post hoc test showed that MTA mixed with silver zeolite
(Group 2) had maximum antibacterial activity followed by MTA
mixed with 2% chlorhexidine(Group 3).The least antibacterial
activity was seen with MTA mixed with sterile distilled water(Group
1) in fresh as well as in aged samples of three and seven days. The
optical densities at day one were 0.2649±0.0112, 0.14027±0.0021
and 0.1931±0.0067 for Group 1, 2, 3 respectively [Table/Fig-4, 5].

Group 3

Sub
group A

-

0.0271*

Group 2

Sub
group
B

Group 2

0.0002*

Group 1
Sub
group A

Sub groups

Group 1

[Table/Fig-5]: Pair wise comparison of main groups (1, 2 and 3) and sub groups
(1 and 2) with respect to optical density at 1st day by Tukey’s multiple post hoc
procedures.

2

SS

2-way interactions

2-way interactions

Group 1

DF

Main effects

Main effects

Sub groups

SV

Sub
group 1

-

Sub
group 2

0.0002*

-

Sub
group 1

0.0002*

0.0002*

-

Sub
group 2

0.0002*

0.0002*

0.0002*

-

Sub
group 1

0.000*2

0.7571

0.0002*

0.0002*

Sub
group 2

0.0002*

0.0002*

0.0765

0.0008* 0.0002*

-

[Table/Fig-7]: Pair wise comparison of main groups (1, 2 and 3) and sub groups
(1 and 2) with respect to optical density at 3rd day by Tukey’s multiple post hoc
procedures.
*p<0.05

At day three, optical densities were 0.3455±0.0066,0.2367±0.0
111,0.2883±0.0070 [Table/Fig-6, 7] and for day seven they were
0.4598±0.0014, 0.3411±0.0039, 0.3924±0.0099 for Group 1,2
and 3 respectively [Table/Fig-8, 9].There was significant difference
(p<0.05) in the optical density among the three test materials at
all time intervals.

DISCUSSION
Complete elimination of the bacteria from the pulp space plays
an important role in the success of endodontic treatment. Postendodontic failures are due to inadequate cleaning and shaping
and/or insufficient obturation. Microorganisms have been isolated
from 35% to 100% of failed cases, predominantly E. Faecalis [11].
Hence E. Faeaclis was taken as test organism in the study.
Failure after conventional endodontic treatment necessitates
surgical intervention which aims to remove the infected root end
Journal of Clinical and Diagnostic Research, 2016.
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SV

DF

SS

MSS

F-value

p-value

Groups

2

0.0531

0.0266

245.3901

<0.0001

Sub groups

1

0.0246

0.0246

226.8104

<0.0001

Groups x Sub groups

2

0.0001

0.0001

0.5199

0.6033

Error

18

0.0019

0.0001

Total

23

0.0797

Main effects

2-way interactions

[Table/Fig-8]: Two way ANOVA between main groups (1 and 2) and sub groups (1
and 2) with respect to optical density at 7th day.

*Abbreviations: SV-Sources of variation, DF-Degrees of freedom, SS-Sum of squares, MSS-Mean
sum of squares, p-Probability, SD-Standard deviation

Main groups
Sub groups
Mean
SD

Group 1

Group 2

Group 3

Group 1

Group 2

Sub
group A

Sub
group
B

0.4598
0.0114

Group 3

Sub
group A

Sub
group
B

Sub
group
A

Sub
group
B

0.3900

0.3411

0.2785

0.3924

0.3329

0.0096

0.0039

0.0032

0.0099

0.0175

Sub
group 1

-

Sub
group 2

0.0002*

-

Sub
group 1

0.0002*

0.0002*

-

Sub
group 2

0.0002*

0.0002*

0.0002*

-

Sub
group 1

0.0002*

0.9994

0.0002*

0.0002*

Sub
group 2

0.0002*

0.0002*

0.8710

0.0002* 0.0002*

Silver zeolite incorporation enhanced the antimicrobial property of
MTA, which was also confirmed by Odabas ME et al., [21]. Silver
zeolite shows antimicrobial activity because of metallic silver as
its constituent, as it has highest antibacterial activity among metal
ions. Zeolite is a porous crystalline material of hydrated sodium
and alumino-silicate, having void spaces within frameworks of
3-10 angstroms in diameter that are capable of hosting cations
such as silver or zinc [22]. Kawahara suggested silver zeolite as
a useful vehicle to enhance the antibacterial activity of the dental
materials [23]. Davies showed that antimicrobial activity of glass
ionomer cement could be enhanced by incorporating silver zeolite
with it [24].
MTA with 2% chlorhexidine showed good antibacterial activity
as compared to MTA alone; however it was less effective as
compared with MTA and silver zeolite. This could be attributed
to the chlorhexidine crossing the microbial cell wall by passive
diffusion, and disturbing the cytoplasmic membrane causing
reduction in leakage, leading to lysis. Similar results were shown
by Stowe who substituted chlorhexidine gluconate for water to
enhance the antimicrobial activity of ProRoot MTA [25].

LIMITATIONS
To fully access the viability of silver zeolite MTA, further studies are
needed to evaluate the physical properties and test antibacterial
effect in clinical conditions.

-

[Table/Fig-7]: Pair wise comparison of main groups (1, 2 and 3) and sub groups
(1 and 2) with respect to optical density at 7th day by Tukey’s multiple post hoc
procedures.
*p<0.05

and ensure good sealing by root end filling materials, among which
MTA seems to be promising; however its antibacterial properties
are controversial [12]. .Grey MTA was found to invoke a more
desirable biologic response than White MTA and hence should
be used as root end filling material as esthetics is not the prime
concern at these sites [13]. Hence in the study ProRoot MTA was
used.
Addition of silver containing zeolite to materials like GIC and resins
has improved their antimicrobial activity [7, 14]. Chlorhexidine
(CHX) is a known antimicrobial agent especially against E.Faeclis
along with bicompatibility with periodontal tissues [15]. LuddinN,
and Ahmed HM have showed CHX to be effective in reducing or
completely eliminating E. Faecalis [15, 16]. Hence in this study
silver zeolite and chlorhexidine were used as additives with MTA to
increase its antibacterial property.
Antibacterial activity has been evaluated using agar diffusion test in
in-vitro studies but it has shown to lack in inoculum standardization,
culture adequacy, sample size etc.,[17]. To overcome these
disadvantages, a standardized protocol suggested by Weiss et
al., that is direct contact test was followed [10]. Direct contact
test is a qualitative and reproducible method, which is ineffective
and insensitive to the inoculums size brought in contact to the test
material.
According to the results of this study, antimicrobial activity of MTA
mixed with silver zeolite was maximum followed by MTA mixed
with chlorhexidine. MTA mixed with sterile water showed least
antimicrobial activity at all the time intervals tested. These results
are similar to findings of Eldeniz and Hasan Zarrabi M et al., whose
study showed that MTA was ineffective against E. Faecalis [6, 18].
In contrast, Al-Hezaimi K et al., stated that gray MTA was effective
against E. Faecalis [19]. The ineffectiveness of MTA on E. Faecalis
Journal of Clinical and Diagnostic Research, 2016.

in most of studies is due to the capacity of this microorganism to
survive under various stressful environmental condition [20]. This
could be the reason for low antimicrobial activity of MTA against
E. Faecalis.

CONCLUSION
Under the parameters of the study, it can be concluded that all the
test materials exhibited antibacterial activity against E. Faecalis.
MTA mixed with silver zeolite showed the maximum antibacterial
activity followed by MTA mixed with 2% chlorhexidine and
the least shown by MTA mixed with sterile water. Silver zeolite
and chlorhexidine can be incorporated into MTA to enhance its
antibacterial effect against E. Faecalis.
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Incidence of Postoperative Pain after Single
Visit and Two Visit Root Canal Therapy: A
Randomized Controlled Trial

Avinash A. Patil1, Sonal B. Joshi2, S.V Bhagwat3, Sanjana A Patil4

ABSTRACT
Introduction: Root Canal Treatment (RCT) has become a
mainstream procedure in dentistry. A successful RCT is
presented by absence of clinical signs and symptoms in teeth
without any radiographic evidence of periodontal involvement.
Completing this procedure in one visit or multiple visits has long
been a topic of discussion.
Aim: To evaluate the incidence of postoperative pain after root
canal therapy performed in single visit and two visits.
Material and Methods: An unblinded/ open label randomized
controlled trial was carried out in the endodontic department
of the Dental Institute, where 78 patients were recruited from
the regular pool of patients. A total of 66 maxillary central
incisors requiring root canal therapy fulfilled the inclusion and
exclusion criteria. Using simple randomization by biased coin
randomization method, the selected patients were assigned

into two groups: group A (n=33) and group B (n=33). Single visit
root canal treatment was performed for group A and two visit
root canal treatment for group B. Independent sample t-test
was used for statistical analysis.
Results: Thirty three patients were allotted to group A where
endodontic treatment was completed in single visit while 33
patients were allotted to group B where endodontic treatment
was completed in two visits. One patient dropped-out from
Group A. Hence in Group A, 32 patients were analysed while in
Group B, 33 patients were analysed. After 6 hours, 12 hours and
24 hours of obturation, pain was significantly higher in Group
B as compared to Group A. However, there was no significant
difference in the pain experienced by the patients 48 hours after
treatment in both the groups.
Conclusion: Incidence of pain after endodontic treatment being
performed in one-visit or two-visits is not significantly different.

Keywords: Calcium hydroxide, Multiple-visits, Root canal treatment, Visual analog scale

Introduction
The goal of root canal therapy is thorough disinfection and obturation
of the root canal system in all its dimensions [1,2]. Root canal
treatment can be done using two approaches; first, completing the
treatment in multiple-visits where residual bacteria are eliminated or
prevented from repopulating the root canal system by introducing
an intracanal medicament during the root canal treatment, and
second, removing the remaining bacteria by entombing them in a
complete three-dimensional obturation, completing the treatment
in one visit [3].
Dentists are often reluctant to abandon predictable treatment
procedures like multiple visit endodontic treatment for the fear that
relatively newer modality such as single visit endodontic treatment
may not result in the same outcome or rate of success they have
come to expect [4]. The resistance to the acceptance of single visit
treatment procedure could be attributed further to controversies
such as postoperative pain, flare-ups, rate of successful healing and
patient acceptance [5].
Until the 1970’s, opinions opting single visit against multiple visit
procedures were based on few clinical observations and inadequate
scientific studies [6]. In more recent years, studies were attempted
to answer the major concerns about postoperative pain, flare- ups
and success rate. Even after many studies comparing incidence of
postoperative pain and flare-ups between single and multiple visit
procedures, till date, the evidence for recommending either one or
multiple visit root canal therapy is not consistent.
The most common and reliable method for evaluating the outcome
of treatments is randomized controlled clinical trial (Elwood 1998),
because of minimum confounders and maximum control over the
trial environment [7].
Journal of Clinical and Diagnostic Research. 2016 May, Vol-10(5): ZC09-ZC12

Hence this randomized controlled trial was done to re-establish a
consensus concerning the relationship between the postoperative
pain and the number of treatment appointments using crown down
technique with rotary NiTi (Nickel Titanium) instruments.

Materials and Methods
It was a single-center, open-label, parallel, randomized controlled
clinical trial. Approval for this clinical trial was obtained from
institutional ethical committee on human research of K.L.E.
University, India.

Sample size determination
Taking level of significance at 5% and power of the test as 80% we
get Zα = 1.96 and Z β = 0.84. From the previous articles [8] sample
size was determind.

From the article [8] X1 = 37.36; X2 = 63.28, s1 = 32.61, s2= 37.78
We get the minimum sample size as 29. To compensate for the
study subject’s dropouts during follow-up, sample size was set at
33 per group.

Patient selection
Sixty six patients with maxillary central incisors seeking root canal
therapy in accordance with inclusion and exclusion criteria
described later were included in the study. These patients were
recruited from the regular pool of patients in the Department of
Conservative Dentistry and Endodontics, K.L.E. University, India.
9
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Inclusion criteria
1.

The patient should freely accept the proposed single or two visit
treatment with the criteria for postoperative pain evaluation.

2.

Only maxillary central incisors were selected for this study
because they have almost straight roots.

3.

Both vital and non-vital teeth were included in the study.

4.

Teeth in which initial master file (K-type) binds at the apex was
of ISO size #45 or less were included in the study.

Exclusion criteria
1.

Patients with any systemic diseases.

2.

Pregnant patients.

3.

Patients who had been taking antibiotics, non steroidal antiinflammatory drugs or coticosteroids at the time of treatment.

4.

Patients of age below 15 and above 50 years.

5.

Patients with acute apical periodontitis, acute apical abscess
and weeping canals.

6.

Necrotic painful teeth with absence of sinus tract for drainage

7.

Retreatment cases.

8.

Teeth with calcified canals.

9.

Teeth with periapical radiolucencies of diameter greater than
0.5 cm (5 mm).

Treatment procedure: Before actual treatment, thorough medical
and dental history was taken. For each patient, pre-operative data
was recorded in the patient’s history sheet which includes age, sex
and intensity of pain before the treatment. The intensity of pain was
measured using the visual analog scale. The proposed treatment
and design of the study was explained to the eligible patient. An oral
and written informed consent approved from the institutional ethical
committee was taken from all the patients.
Randomization: Biased coin randomization, a method of simple
randomization, was used for assigning the patients to the two study
groups depending upon number of treatment appointments;
Group A (Single-visit) and Group B (two-visit). This is a dynamic
randomization method which gives same number of patients in both
the groups. Tossing coin, allocation and sequence was operated by
a post-graduate student. 33 patients received treatment in singlevisit (Group A) and 33 patients in two-visit (Group B)
Root canal therapy: All the patients received the proposed
treatment by a single operator at Department of Conservative
Dentistry & Endodontics, K.L.E. University, India.
Teeth in Group A were treated in single visit and in Group B in two
visits for the root canal therapy. The common procedure for both the
Groups A and B at the first sitting was local anaesthesia infiltration
followed by rubber dam application, caries excavation if present and
access cavity preparation. Canal patency was checked with a size
15 K file. Then orifice openers taper 0.12 and 0.10 were used for
enlarging the coronal and middle third of the canal. They were used
at speed of 350 rpm with a slow gentle in and out movement. RCPrep was used as a lubricant and 2.5% NaOCl, saline as irrigants.
Then the working length was determined with K-file using apex
locator (Dentaport ZX, J Morita corp.) and confirmed by a periapical
radiograph.
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using 2.5% NaOCl and saline. RC-Prep was used as a lubricant
during filing. Instrumentation was done three file sizes larger than
the initial apical file which binds to the apex. After completing
instrumentation, canals were dried with paper points. Teeth in
Group A were obturated at the initial appointment with gutta-percha
cones and AH plus sealer, using lateral condensation technique and
temporary restoration was done. Post obturation radiograph was
taken.
Teeth in Group B were sealed with a sterile dry cotton pellet and
double sealed with cavit and zinc phosphate cement. Patients
were recalled after one week for obturation with similar method and
materials as used for Group A.
Postoperative pain evaluation: It was done using modified HeftParker Visual Analogue Scale (VAS) shown in [Table/Fig-1]. Patients
could place a mark anywhere on the horizontal VAS having values
between 0 and 170. Patients recorded their preoperative pain levels
in the presence of the clinician to ensure that they understood
the instructions. Then further four readings were recorded for
postoperative periods of 6, 12, 24 and 48 hours respectively. The
patient carried the VAS form along with them. Telephonic reminder
was given to them to note their pain readings and return the form
duly filled. After one week of obturation, final clinical evaluation for
pain was done with the vertical percussion method.
Each patient was given a prescription for 600 mg of Ibuprofen with
instructions to avail the same only if needed for pain.

Statistical analysis
Independent sample t-test was used to analyse VAS data to
compare the incidence of pre and post- operative pain at 6,12,24
and 48 hours time intervals between the two groups. To compare
the postoperative pain between vital and non-vital teeth in both the
Interval

Number of
appointments

n

Mean
VAS

Standard
Deviation

Maximum
possible
VAS Mark

*p-value

Preoperative

1

32

5.5000

2.1402

170

2

33

4.2121

2.7129

170

0.0379
S

6 hours
Postoperative

1

32

10.0938

12.5707

170

2

33

30.6970

20.3508

170

12 hours
Postoperative

1

32

9.2188

10.4554

170

2

33

23.0909

22.4087

170

24 hours
Postoperative

1

32

6.6563

5.8343

170

2

33

15.2424

18.8928

170

48 hours
Postoperative

1

32

3.9063

3.8130

170

2

33

3.5758

0.6139

170

7.2277x10-6
HS
0.0023
VS
0.0167
S
0.6248
NS

[Table/Fig-2]: VAS Pain measurements for all cases (n=65).
*P< 0.05 statistically significant, S – Significant, HS – Highly Significant, VS – Very Significant,
NS – Not significant, VAS – Visual Analog Scale
Test of significance used: Independent sample T-test

Instrumentation was carried out using 0.06 taper K3 (Sybron Endo)
NiTi rotary files in crown down manner along with copious irrigation

[Table/Fig-1]: Visual Analog Scale (VAS).
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[Table/Fig-3]: Graph showing comparison of pain between Group A and Group B
at different time intervals.
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groups, again independent sample T-test was used. Differences
were considered significant when probabilities were <0.05. Software
used was SPSS- Version 12.

One patient from one visit group did not return the VAS form and
hence was excluded from the study. A participant flow diagram is
given in [Table/Fig-6].

Results

Discussion

Sixty six maxillary central incisors were treated for root canal therapy
in one visit (n=33) and two visit (n=33) groups.

The aim of this randomized controlled trial was to compare
postoperative pain experienced by the patients after single-visit
and two-visit root canal therapy. Mild discomfort in terms of pain
is seldom occasional experience for the patients after root canal
treatment. Pain is a subjective symptom and it is difficult to decide
whether single or multiple factors cause this pain. To name few, over
instrumentation, extrusion of debris, obturating materials, irrigating
solutions, intracanal medicaments etc.

After 6 hours, 12 hours and 24 hours of obturation, pain was
significantly higher in Group B (two visit) as compared to Group A
(single visit). But after 48 hours, there was no significant difference
between both the groups [Table/Fig-2]. Same is also shown by
means of graph [Table/Fig-3]. No statistically significant differences
were found in the pain levels between vital and non-vital teeth in
both the groups at all the time intervals [Table/Fig-4,5].
Interval

0.0743
NS

Single visit root canal treatment has become a common practice
and offers several advantages both for patient as well as dentist.
These are reduced number of visits, increased patient acceptance,
lesser postoperative flare-ups, reduced chairside time, and practice
management considerations [7,8]. But simultaneously, single visit
procedure removes few controls available in the multivisit treatment
like culturing [9]. Also, it precludes the opportunity to place intracanal
medicament such as calcium hydroxide. However, the need to
place calcium hydroxide remains questionable since it has been
shown that calcium hydroxide fails to consistently produce sterile
root canals and even allows regrowth in some cases [10]. Thus
root canal treatment with an inter-appointment calcium hydroxide
dressing gives no guarantee of healing in all cases and therefore its
use does not appear to be practical in all the cases.

0.4388
NS

According to Oliet [9], case selection for single visit root canal
therapy is as follows:

Number of
appointments

n

Mean
VAS

Standard
Deviation

Maximum
possible
VAS Mark

*p-value

Preoperative

1

15

6.2667

2.3442

170

2

15

3.7333

0.8837

170

0.0005
HS

6 hours
Postoperative

1

15

4.3333

1.7995

170

2

15

23.1333

19.4528

170

12 hours
Postoperative

1

15

3.8000

1.8593

170

2

15

14.6667

13.6417

170

24 hours
Postoperative

1

15

5.0000

6.2906

170

2

15

9.7333

7.6295

170

48 hours
Postoperative

1

15

4.5333

5.5532

170

2

15

3.4000

0.6325

170

0.0009
HS
0.0049
VS

[Table/Fig-4]: VAS Pain measurements for vital cases only (n=30).

*P< 0.05 statistically significant, HS – Highly Significant, VS – Very Significant, NS – Not
significant, VAS – Visual Analog Scale
Test of significance used: Independent sample T-test

Interval

Number of
appointments

n

Mean
VAS

Standard
Deviation

Maximum
possible
VAS Mark

*p-value

Preoperative

1

17

4.8235

1.7405

170

2

18

4.6111

3.5833

170

0.8265
NS

6 hours
Postoperative

1

17

15.1765

15.6454

170

2

18

37.0000

19.3755

170

12 hours
Postoperative

1

17

14.0000

12.5250

170

2

18

30.1111

26.0224

170

24 hours
Postoperative

1

17

8.1176

5.1464

170

2

18

19.8333

23.9761

170

48 hours
Postoperative

1

17

3.3529

0.7019

170

2

18

3.7222

0.5745

170

0.0009
HS
0.0272
S
0.0572
NS
0.0971
NS

[Table/Fig-5]: VAS Pain measurements for non-vital cases only (n=35).

*P< 0.05 statistically significant, S – Significant, HS – Highly Significant, NS – Not significant,
VAS – Visual Analog Scale
Test of significance used: Independent sample T-test

1.

Positive patient acceptance.

2.

Sufficient available time to complete the procedure properly.

3.

Absence of acute symptoms requiring drainage via canal and
of persistent continuous flow of exudates or blood.

4.

Absence of anatomical obstacles (calcified canals, fine tortuous
canals, bifurcated or accessory canals) and procedural
difficulties (ledge formation, blockage, perforations, inadequate
fills).

In the present study, inclusion and exclusion criteria was based on
above mentioned indications and contraindications. Only maxillary
central incisors have been selected in this study because they have
almost straight canals. Instrumentation was done three file sizes
larger than the initial apical file which binds to the apex. K3 rotary
instruments are available till ISO size 60 and hence teeth in which
initial apical file that binds at apex was of ISO size #45 or less were
only included in the study. Since extrusion is a problem common
to all root canal preparation techniques, modern procedures have
been advocated to minimize these situations. These problems can
be minimized with the new cervical flaring techniques like ‘crown
down’ technique; and hence this technique was used for cleaning
and shaping. Proper use of NiTi instruments has made endodontics
much less tiresome, more efficient and precise [11]. Better shaped
canals means better irrigation and cleaner canal systems reducing
the need for a dressing availing satisfactory disinfection of the canal
system [12]. Thus saving time and the risk of inter appointment
infection. Therefore, K3 rotary NiTi instruments have been used for
mechanical instrumentation in this study.
In the present study, postoperative pain evaluation was done with a
modified Heft-Parker VAS. The VAS was used because of presence
of unequal spacing of words on this scale which shows perfect
replica of spacing between different pain word descriptors perceived
by patient [13]. When properly designed and administered, VAS is
considered to be a valid and reliable ratio scale instrument for the
measurement of human pain intensity and unpleasantness [14].

[Table/Fig-6]: Participant flow diagram.
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The results of this study are consistent with those of majority of
the published reports on this topic, that is postoperative pain with
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one appointment root canal treatment is generally the same as
postoperative pain associated with multiple visit treatment [3,1518]. Probably, it could be because of crown down technique of
instrumentation which allows better irrigation and minimizes the
extrusion of debris beyond the apex [19-21]. Also, important is the
variable flute design of the K3 rotary NiTi file which carries debris out
of the canal [22].
The results of the present study are also in agreement with a study
which says that incidence of post-obturation pain was higher in
multiple visit group than in the single visit group within 24 hours
of obturation. The incidence of pain decreases thereafter with all
patients being symptom free at the end of the observation period
[23].
Thus with the crown down technique of instrumentation which
minimizes the extrusion of the debris beyond the apex, rotary NiTi
instruments which cleans and shapes the canals effectively along
with irrigant like NaOCl, postoperative pain can be controlled
irrespective of the number of treatment appointments.

limitation
In multiple visit root canal therapy, intracanal medicament like
calcium hydroxide is generally placed in the root canals to prevent
the multiplication of residual microorganisms and also to eradicate
them. But in the present study, in two visit group, calcium hydroxide
was not used. It could be the limitation of this study.
Further studies are needed to compare the postoperative pain
intensity in vital and non-vital teeth, male and female patients using
single visit and multiple visit root canal treatment.

Conclusion
Within the limitations of this study, although after 6 hours, 12 hours
and 24 hours of obturation, pain was significantly higher in Group
B as compared to Group A, there was no significant difference in
the pain experienced by the patients 48 hours after treatment in
both the groups.Thus the present study shows that multiple visit
endodontics does not reduce the pain incidence and that root canal
treatment can be completed safely in single visit. At the same time,
it certainly does not mean that all of the endodontic cases be easily
treated with single visit root canal therapy. Therefore, one should
carefully evaluate the case before making the decision to go for
single visit or multi visit root canal treatment.
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a b s t r a c t
Imperial and Helwig originally described verrucous hemangioma as a vascular malformation that is
present at birth, anatomic predilection for lower limbs, proportionate growth and equal sex distribution. Mucosal involvement, including the oral cavity, is seen occasionally as integration of a systemic
variety or with multiple cutaneous lesions in other locations. Isolated oral involvement is extremely rare
while acquired involvement of tongue without cutaneous or metabolic disease has not been reported in
the literature. We present a case of verrucous hemangioma involving the lateral surface of the tongue in
a 60-year-old male. Due to the unusual presentation we need to reconsider our current knowledge on
the etio-pathogenesis of verrucous hemangioma and its clinical inclusion in the differential diagnosis of
various verrucous lesions.
© 2016 Asian AOMS, ASOMP, JSOP, JSOMS, JSOM, and JAMI. Published by Elsevier Ltd. All rights reserved.夽

1. Introduction
Vascular lesions and malformations, comprising of a broad category of lesions often referred to as vascular anomalies, are a
heterogeneous group of clinicopathologically distinct entities. Clinicians traditionally have grouped these lesions under the generic
term, hemangioma, sometimes classiﬁed as cavernous (large vessels) or capillary (small vessels) [1]. Most are congenital or occur at
a young age and may show limited growth potential. Some lesions
undergo spontaneous regression, which has led some to believe
it to be a hamartoma rather than a tumour, while others require
active intervention [2]. Imperial and Helwig [1] ﬁrst introduced
the verrucous hemangioma, usually found as a congenital solitary
or multiple cutaneous lesions of lower limbs, and distinguished it
from the angiokeratoma. Although it is a clinically speciﬁc lesion
with characteristic histological features, its precise nature remains

Abbreviations: RBC, red blood cells; CD, cluster of differentiation; GLUT, glucose
transporter; MAP3K3, mitogen-activated protein kinase kinase kinase 3.
夽 Asian AOMS: Asian Association of Oral and Maxillofacial Surgeons; ASOMP: Asian
Society of Oral and Maxillofacial Pathology; JSOP: Japanese Society of Oral Pathology; JSOMS: Japanese Society of Oral and Maxillofacial Surgeons; JSOM: Japanese
Society of Oral Medicine; JAMI: Japanese Academy of Maxillofacial Implants.
∗ Corresponding author. Tel.: +91 9743764783.
E-mail addresses: tejrajkale@yahoo.com (T.P. Kale), kotra27@gmail.com
(S.M. Kotrashetti), arjun193@gmail.com (A. Singh).
1
Tel.: +91 9448472891.
2
Tel.: +91 8722323369.

unknown. The original description was that of a vascular malformation, that is, present at birth, anatomic predilection for lower limbs,
proportionate growth and equal sex distribution [1]. Involvement
of the mucosa, including the oral cavity, is seen occasionally as integration of a systemic variety or with multiple cutaneous lesions in
other locations. Isolated oral involvement is extremely rare while
acquired involvement of tongue without cutaneous or metabolic
disease has not been reported in the literature.
2. Case report
A 60-year-old Asian Indian male, presented to our Oral and Maxillofacial unit with a complaint of a growth over the left half of the
tongue. He was having trouble eating and had developed a psychological component of fear of it being a cancerous growth. He gave
a history of extraction done of a lower left third molar at a local
dentist 3 months prior to his presentation to us, which he considered traumatic, after which a small ulcerative lesion 1 cm × 1 cm
appeared over the left anterior half of the tongue in the left second
molar region. Over about a month after the extraction, the ulcer
healed and appeared then as a small 1 cm × 1 cm growth which
eventually progressed to its current size. There was no history of
any associated fever during these events. The patient had no deleterious habits such as tobacco chewing or alcohol consumption.
The family history was inconclusive for any hereditary or genetic
correlation.
General examination did not reveal any signiﬁcant ﬁndings such
as lesions on the extremities or the chest and abdomen. On fur-

http://dx.doi.org/10.1016/j.ajoms.2016.02.005
2212-5558/© 2016 Asian AOMS, ASOMP, JSOP, JSOMS, JSOM, and JAMI. Published by Elsevier Ltd. All rights reserved.夽
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Fig. 1. Lesion in situ on deviation of tongue to opposite side.

ther intraoral examination, a 3 cm in length and 2 cm in width
irregular, mixed white and red, verrucous growth was seen over
the left anterior 2/3rd of the tongue which was ﬁrm, sessile and
nontender (Fig. 1). In the mandibular arch, an edentulous span was
present posterior to the mandibular left canine, whose tooth preparation was done to receive a crown prosthesis, and there were
porcelain fused to metal crowns over the lower anterior teeth.
There were also fractured restorations and crowns of the right
mandibular second molar, ﬁrst and second premolar. All maxillary
teeth were present with moderate amount of attrition and abrasion. No sharp cusps or points were present. No regional lymph
nodes were palpable. Routine blood and urine investigations were
ordered which were within the normal limits. Based on the clinical
features, a provisional diagnosis of verrucous hyperplasia involving the left anterior lateral half of tongue was given. The treatment
plan included a wide excision biopsy for the lesion. The patient was
explained the risks associated and after obtaining informed consent
the patient was taken up under general anaesthesia. After placing
an anterior traction suture and retracting the tongue to the opposite side, an elliptical incision was given using an electrocautery
around the periphery of the lesion maintaining a 5 mm margin of
clinically healthy tissue (Fig. 2a). The lesion was excised (Fig. 2b)
and the wound sutured using Polyglactin 910 sutures and sent for
histopathology examination.
The histopathology of the specimen under low magniﬁcation of
one area revealed papillary projections with connective tissue core,

surface keratinisation, keratin plugging, acanthosis and individual
cell keratinisation. Other side of the tissue shows loss of epithelium,
ﬁbrinous exudates and necrotic debris. Numerous endothelial lined
blood vessels engorged with RBCs were also evident (Fig. 3). Under
higher magniﬁcation, the epithelium conﬁrmed the ﬁndings as low
magniﬁcation. The underlying connective tissue stroma was loose
with numerous branching endothelial lined spaces with engorged
RBCs. The stromal tissue in few areas showed myxoid degeneration.
The deeper connective tissues stroma showed muscle tissue interspread with small to large capillary spaces with RBCs. A few chronic
inﬂammatory cells such as lymphocytes, plasma cells and mast cells
were also seen (Fig. 4). Based on these ﬁndings a histopathological
diagnosis of verrucous hemangioma was given. Due to the rarity of
the presentation in the oral cavity the margins of the lesion were
further examined which were found to be close or clear margins.

Fig. 3. Photomicrograph (4×) of specimen showing papillary projections with surface keratinisation, individual cell keratinisation and plugging, acanthosis, ﬁbrinous
exudates and underlying loose connective tissue stroma with numerous endothelial
lined spaces.

Postoperatively, the wound healed uneventfully and the patient
has been followed up regularly for 9 months now without any signs
of recurrence or new lesions (Fig. 5).

Fig. 2. (a) Site after excision of lesion. (b) Excised lesion.
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Fig. 4. Photomicrograph (10×) of specimen showing underlying loose connective
tissue stroma with numerous branching endothelial lined spaces engorged with
RBCs and a few chronic inﬂammatory cells.

3. Discussion
Verrucous hemangioma is deﬁned as a congenital vascular malformation comprising a capillary or cavernous hemangioma in the
dermis and subcutaneous tissue associated with reactive epidermal acanthosis, papillomatosis and hyperkeratosis [1]. The clinical
appearance may simulate that of angiokeratoma and distinction
is important as the histological and clinical behaviour differ. Verrucous hemangiomas are vascular malformations, whereas the
angiokeratomas are telangiectasias [1].

Fig. 5. 9th month postoperative image of site of lesion.

The term “malformation” was proposed for this lesion by
Mankani and Dufresne [2] due to its typical features, but in our
case the presentation is more suggestive of a tumour in accordance
to the deﬁnition by Willis [3], that is, an abnormal mass of tissue,
the growth of which exceeds and is uncoordinated with that of the
normal tissues, and persists in the same excessive manner after
cessation of the stimuli which evoked the change.
Many terms have been used synonymously for this malformation in the literature such as hemangioma unilateralis neviforme,
angiokeratoma circumscriptum neviforme, nevus vascularis unius
lateralis, keratotic hemangioma, nevus angiokeratoticus, nevus
keratoangiomatosus and papulous angiokeratoma.

3

Only one study with an intraoral presentation of isolated verrucous hemangioma reported a lesion on the distal surface of lower
left second molar. The lesion appeared to be reddish pink in colour,
interspersed with bluish black areas grouped together. Surface of
the growth was irregular. Papules were seen on soft palate extending up to the pharynx which caused difﬁculty in swallowing and
discomfort [4]. Their presentation did not match our case and
reﬂects the uncertain manifestation of the lesion which may be
present.
A study done by Tennant et al. compared the clinical and
histopathologic characteristics of verrucous hemangioma with
other hyperkeratotic mimickers such as capillary-lymphatic malformation or capillary-venous malformation and angiokeratoma
circumscriptum, and whether the term was appropriate in the current nosology of vascular anomalies [5]. All the lesions were located
on an extremity, except for one lesion on the trunk, and were single
or grouped and 2.6–8 cm in diameter. All the lesions were raised,
red-to-purple, variably keratotic with irregular borders, and several manifested intermittent bleeding and oozing. They conferred
no ﬁrm conclusion on whether verrucous hemangioma was a congenital malformation or an indolent tumour, but clinical evidence
favours the former category [5]. The occurrence of this lesion in
our case was in the 6th decade indicating that it is not conﬁned to
being a solely congenital malformation. With such a late presentation one could only assume an acquired aetiology for the lesion
such as trauma, altered haemodynamics or possibly secondary
infection.
Verrucous lesions of the oral cavity, especially the tongue, can
be challenging diagnostically as they include a large spectrum of
benign, potentially malignant and malignant lesions. Majority of
the benign lesions have a viral aetiology and include the squamous
papilloma. The potentially malignant lesions have been described
in a perplex manner and include proliferative verrucous leukoplakia and verrucous hyperplasia which most often cannot be
distinguished clinically from verrucous carcinoma. The differential diagnosis in our case would include all of the above. The most
reliable way to distinguish these entities is by histological examination.
Histologically, verrucous hemangioma presents as an epidermis with irregular acanthosis and hyperkeratosis. Abnormal vessels
are located in the dermis and hypodermis with almost no involvement of the reticular dermis. The vessels are round, with thick
walls and a multi lamellar basement membrane. The dilated vessels
of the papillary dermis often contain blood, are thin-walled, and
have a vertical orientation, whereas the deeper vessels may contain
blood or be empty. Immunohistochemical staining with endothelial
markers like CD 31, CD 34 and GLUT 1 may highlight the endothelial
cells, but the diagnosis can be made by light microscopic features
[6]. Wang et al. [7] found the presence of CD31 marker in all their
74 samples while Couto et al. [8] observed mosaicism for a missense mutation in mitogen-activated protein kinase kinase kinase
3 (MAP3K3) which could be suggestive of a vascular marker more
sensitive than speciﬁc for the cutaneous verrucous hemangioma.
Secondary infection and bleeding is a frequent complication and
this could result in reactive papillomatosis and hyperkeratosis, and
thus, the older lesions acquire a verrucous surface.
Surgical treatment of the cutaneous condition is now preferred
to be excision instead of ablation by laser or cryosurgery [2].
Yang and Ohara suggested surgical excision in combination with
laser therapy as the preferred treatment for verrucous hemangioma because the crucial pathologic change is concentrated in the
subcutaneous tissue. They used clinical inspection, palpation, and
imaging studies before surgery to delineate the underlying mass
[9]. Our treatment plan was a wide excision until healthy looking
tongue musculature was seen without combined laser therapy and
similar results were achieved.
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In our case we had clear margins in all the edges of the specimen, except in the posterior inferior part which had close margins
(1–5 mm). The recurrence after surgical intervention of cutaneous
lesions is noted to be greater when the lesion is incompletely
removed, as in some instances a staged procedure is planned to
achieve adequate primary closure eventually [9]. We did not intervene a second time surgically due to the purely benign nature of
the lesion and the complete, but close margins found, and have
followed up closely.
The general consensus on the follow-up period for verrucous
hemangioma is unknown. Our patient was followed up for a period
of 6 months without any signs of recurrence. We suggest a regular
follow-up period of every 3 months in the ﬁrst year followed by
every 6 months thereafter due to the rapid progression seen in this
case.
4. Conclusion
This is the ﬁrst reported case in the indexed literature of a
verrucous hemangioma with an isolated occurrence and proposed
acquired aetiology. Due to the recent appearance of similar articles
[4] in the literature and the unusual presentation we need to reconsider our current knowledge on the etio-pathogenesis of verrucous
hemangioma and its clinical inclusion in the differential diagnosis
of various aforementioned conditions.
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Tobacco Consumption Induced Changes in the Healthy Oral
Mucosa and its Effect on Differential Diagnosis of Oral Lesions – A
Clinical In Vivo Raman Spectroscopic Study
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Abstract: Objective: To investigate tobacco consumption induced changes in the in vivo Raman spectra of oral mucosa
of healthy volunteers and to study its effect on the differential diagnosis of oral lesions.
Materials and Methods: The clinical in vivo study involved 28 healthy volunteers and 171 patients having malignant and
potentially malignant lesions of the oral cavity. Twenty of the healthy volunteers had habits of either smoking and/or of
chewing tobacco while the rest did not have any tobacco consumption habits. The in vivo Raman spectra were
measured using a compact and portable near-infrared Raman spectroscopic system. A probability based multi-class
diagnostic algorithm, developed for supervised classification, was employed to classify the whole set of measured tissue
Raman spectra into various categories.
Results: It was found that the Raman spectra of healthy volunteers with tobacco consumption habits could be separated
from the spectra of those without any habit of tobacco consumption with an accuracy of over 95%. Further, it was found
that exclusion of the spectral data of the oral cavity of the healthy volunteers from the reference normal database
considerably improved the overall classification accuracy (92.3% as against 86%) of the algorithm in separating the oral
lesions from the normal oral mucosa.
Conclusion: The results of the clinical study demonstrate the potential of Raman spectroscopy in screening tobacco
users who are at an increased risk of developing dysplasia or malignancy. Further, the results also show that for
accurate discrimination of oral lesions based on their Raman spectra, the reference normal database should exclude
spectral data of tobacco using healthy subjects.

Keywords: In vivo Raman spectroscopy, tobacco consumption induced changes, oral mucosa, probability based
multivariate diagnostic algorithm, multi-class classification of oral lesions, maximum representation and
discrimination feature (MRDF), sparse multinomial logistic regression (SMLR).
1. INTRODUCTION
Oral cancer, mainly attributed to the practice of
consuming tobacco in various forms [1-2], is a major
health problem in India and other South-Asian
countries [3-4]. Although the oral cavity is easily
accessible to inspection, but due to lack of awareness
and inadequate health care facility, oral cancer is most
often detected at an advanced stage when the
treatment is less successful thereby leading to high
morbidity and mortality [5-7]. The current gold standard
for clinical diagnosis of oral cancer is biopsy and
subsequent histopathologic examination [7]. The
process is both invasive and time-consuming. A realtime diagnostic method to enable non-invasive
monitoring of oral cavity in individuals with suspicious
oral lesions is, thus, an urgent current need. Recent
research has demonstrated the applicability of
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near-infrared Raman spectroscopy as a promising
alternate tool for oral cancer diagnosis [8-14]. However,
most of the early investigations [15-23] were primarily
limited to either ex-vivo studies [15-21] or in vivo
studies on animal models [22-23]. Perhaps the
necessity of long data collection time owing to the
weaker Raman signals precluded its use for in vivo
studies on human oral cavity. With the availability of
improved detectors and spectroscopic systems, it is
now possible to acquire good quality tissue Raman
spectrum in a clinically acceptable data collection time
(< 5 s) and several publications reporting in vivo
studies have already appeared [24-28].
The first in vivo study was reported by Guze et al.
[24] who measured Raman spectra in the higher wave
-1
number (1800 -3000 cm ) region for in vivo
characterization of the human oral cavity in healthy
volunteers and correlated the spectral variability of the
1
observed C-H stretch bands near 3000 cm to the
different degrees of keratinization of the oral mucosa.
This was followed by the in vivo study by the Bergholt
et al. [25] who also acquired Raman spectra from the
© 2016 Lifescience Global

Tobacco Consumption Induced Changes in the Healthy Oral Mucosa

healthy volunteers but in the conventional fingerprint
-1
region (800 -1800 cm ) for evaluating the applicability
of the approach for characterization of their oral cavity.
The measured Raman spectra showed considerable
variability, which they correlated to the variations in
anatomical locations of the interrogated tissue sites
within the oral cavity. The applicability of in vivo Raman
spectroscopy for differential diagnosis of oral lesions
was reported by Singh et al. [26] who used a
commercial Raman spectrometer to measure in vivo
Raman spectra from patients already identified of
having maliganancy of oral buccal mucosa and showed
that Raman spectroscopy in combination with a PCALDA based diagnostic algorithm could delineate
malignant from the uninvolved nomal tissue sites as
well as the premalignat lesions appearing in the
contralateral buccal mucosa of the same set of patients
with an accuracy of up to 87% . In a contemporaneous
study, Sahu et al. [27] explored the potential of Raman
spectroscopy in differentiating tobacco associated
pathological changes of buccal mucosa from aging
related physiological changes and showed that though
there were aging related changes in the Raman
spectra but that did not have any influence on the
classification of lesions. They also carried out an exvivo study [28] of the exfoliated cells obtained from the
oral cavity of normal healthy controls with and without
tobacco habits, disease controls and tumor patients
and showed that these could be separated with varying
accuracies with respect to cytology based on the
measured Raman spectra of these tissue categories.
Recently, our group reported a full-scale clinical study
[29] on the comprehensive evaluation of the efficacy of
in vivo Raman spectroscopy for differential detection of
oral lesions in the whole of the oral cavity. Further in an
independent study [30], we have also investigated the
anatomical variability of in-vivo Raman spectra of the
oral cavity of healthy volunteers and showed that the
diagnostic algorithm with anatomy matched spectral
data as input led to considerable improvement in the
overall accuracy of classification of the oral lesions.
The common general objective of all the above
mentioned studies [15-29] was to evaluate the potential
of in vivo Raman spectroscopy as a tool for an
improved diagnosis of oral cancer. However, no
attempt was made to systematically study the effect of
tobacco consumption on the oral cavity of healthy
volunteers which otherwise do not have any disease of
the oral cavity. We report, in this paper, the results of
an in vivo Raman spectroscopic study carried out to
characterize the tobacco consumption induced
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changes on the healthy oral mucosa of individuals
having no history of any disease of the oral cavity and
also investigate the effect of the tobacco consumption
habits of healthy individuals (with the measured Raman
spectra of their oral cavity chosen as the normal
control) on the outcome of the diagnostic algorithm
employed for the differential diagnosis of various oral
lesions. We also evaluated the applicability of in vivo
Raman spectroscopy in separating tobacco users from
the non-users. This is important because there is
enough epidemiological evidence that long term
exposure to tobacco causes alteration in normal
mucosa and also is one of the significant etiological
factors for the development of oral cancers and precancers [1-2]. The oral lesions investigated belonged to
any of the three histopathologic categories: 1) oral
squamous cell carcinoma (OSCC), 2) oral leukoplakia
(OLK), and 3) oral sub-mucosal fibrosis (OSMF). The
diagnostic algorithm was a probability based
multivariate statistical algorithm capable of direct multiclass classification of different oral tissue pathologies. It
was also found that the overall multi-class classification
accuracy of the algorithm was considerably improved
(92.3% as against 86%) when the normal database
comprised spectral data devoid of the set of spectra of
healthy individuals having tobacco consumption habits.
2. MATERIALS & METHODS
2.1. Instrumentation
In vivo Raman spectra were measured using an inhouse assembled, compact and portable Raman
spectroscopic system described earlier [32]. In brief,
the system has all its components accommodated into
a 32’’suitacase. A 785 nm diode laser (Crysta Laser,
Reno, NV) serves as the illumination source. The light
is delivered to the target tissue using a bifurcated fiberoptic probe (Visionex Inc., Warner Robins, GA)
consisting of a central 400-m-core-diameter fusedsilica illumination fiber surrounded by seven 300-m
fused-silica beam-steered collection fibers. The distal
end of the illumination fiber has an in-line band-pass
filter for rejection of signals generated in the fibers
themselves. The distal end of the collection fiber has
an in-line notch filter for rejection of the elastically
scattered illumination light. The collection fibers are
aligned linearly and imaged on to a 200 m entrance
slit of an imaging spectrograph (Andor Shamrock SR303i, Belfast, Northern Ireland) coupled with a
0
thermoelectrically cooled (-70 C), back-illuminated,
deep-depletion charge-coupled-device (CCD) camera
(Andor DU420A-BR-DD, Belfast, Northern Ireland). The
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system can acquire good quality tissue Raman spectra
-1
with ~20 cm resolution and ~ 50:1 signal to noise ratio
for an integration time of ~ 5 seconds.
2.2. Clinical Measurements
The in vivo study was conducted at the Tata
Memorial Hospital (TMH), Mumbai with the approval of
the TMH Ethical Committee. All the patients
undergoing routine medical examination of the oral
cavity at the Out Patient Department (OPD) of TMH
were recruited in the in vivo study regardless of gender
or race. The final eligibility of each patient was
determined by the participating doctor based on the
medical condition of the patient such that patient care
was not compromised.
All the spectral measurements were performed by
the participating head and neck surgeon (PI) using a
standard protocol which was maintained for all
individuals in this study. Prior to recording spectra from
an individual, the fiber-optic probe was disinfected with
CIDEX (Johnson and Johnson, India), washed with
PBS and cleaned dry with a piece of sterilized cotton.
The mucosal surface was wiped with sterile gauge to
remove any saliva, blood or betel quid incrustations
accumulated at the tissue surface. The probe tip was
also wiped dry between consecutive measurements
from different tissue sites in an individual. For recording
the in vivo Raman spectra, the tip of the fiber-optic
probe was placed in gentle contact with the tissue
surface and it was ensured that none of the patients or
the normal volunteers complained of the probe being
painful. The overhead room lights in the OPD room
were turned off temporarily during spectral acquisition
to minimize the contribution of the ambient light in the
acquired spectra.
The study involved 171 patients (with oral lesions)
enrolled for medical examination of the oral cavity at

TMH and 28 healthy volunteers with no history of any
disease of the oral cavity. The details the distribution of
the number of individuals and the spectral
measurements from the various sites of their oral cavity
are summarized in Table 1. Of the 28 healthy
volunteers 20 had habits of either smoking and/or
chewing tobacco and the rest were tobacco non-users.
The tobacco using healthy volunteers had habits of
either smoking or chewing tobacco for more than 5
years. Biopsies were taken subsequent to acquisition
of spectra from the oral cavity sites suspected of being
malignant or potentially malignant. However, as per the
terms of the approval from the Ethical Committee of the
hospital, no biopsies were available from the
investigated sites of the patients with oral submucous
fibrosis (OSMF) and the diagnosis of this condition was
based on clinical findings only. The biopsy samples
were fixed in formalin and were examined later by an
experienced pathologist who was blinded to the results
of the optical spectra. The histopathology report was
considered as the “gold standard”. All the Raman
spectra were categorized in accordance with their
histological identities and grouped into OSCC, OLK,
OSMF, or normal oral squamous tissue. Informed
consent was obtained from each patient as well as the
normal volunteers who participated in this study. Age,
sex, and details of smoking habit (if any) were also
recorded for all subjects included in the study. The age
variations for OSCC, OSMF, OLK and healthy
volunteers were ~35±11, 51±13, 53 ±14 and 44±10
years respectively. The overall ratio of male to female
population was ~6:1.
2.3. Pre-processing of Data
Prior to Raman spectral measurements from the
oral cavity of a subject, the wavenumber axis was
calibrated using the excitation laser line and the Raman
spectra
measured
from
acetaminophen,
and

Table 1: The Distribution of the Number of Patients and Healthy Volunteers and the Spectra Measured from the
Different Sites of their Oral Cavity into Various Categories
No. of Patients

No. of Sites

Category

113

316

Oral Squamous Cell Carcinoma (OSCC)

25

94

Oral Submucous Fibrosis (OSMF)

33

105

Oral Leukoplakia (OLK)

20

204

Normal with tobacco consumption habit (N:WTH)

8

83

Normal without any tobacco consumption habit (N:WOTH)
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naphthalene standards. The signals from various pixels
of the CCD were binned along the vertical axis to
create a single spectrum for each measurement. Prior
to any further processing, the spectrum was truncated
-1
to include only the region of 950 - 1750 cm . A
sequence of steps was then executed on this binned,
truncated spectrum following the procedure described
earlier [31]. First, the spectrum was corrected for the
system spectral response by using a NIST traceable
calibration lamp (LS-1, Ocean optics, Inc., Dunedin,
FL) after removal of the dark signal. In the next step the
artifacts in the measured tissue spectrum (due to laserinduced artifacts generated in the fiber-optic probe)
were removed. This was done by recording the
spectrum of the backscattered light from a roughened
aluminium block and then iteratively subtracting this
spectrum scaled by a range of different intensities till
the optimal ratio for background removal is reached.
The resultant spectrum with the lowest standard
deviation of the residual between the data and the
model fit was used for fiber background removal.
Following removal of fiber artifacts, the spectrum was
-1
binned along the wavenumber axis in 3.5 cm intervals
and noise smoothened using a second-order Savitzky–
Golay filter. Following noise removal, the remaining
data were background subtracted using the rangeindependent background subtraction algorithm (RIA)
[31] to retrieve the weak tissue Raman spectrum. The
method uses a model based on modified iterative
smoothing of the measured Raman spectrum in such a
manner that the high-frequency Raman peaks are
gradually eliminated finally leaving the underlying broad
baseline which can be subtracted from the raw
spectrum to yield the true Raman signal. Each
background-subtracted tissue Raman spectrum was
normalized with respect to its mean spectral intensity
across all the Raman bands.
2.4. Data Analysis
The in vivo Raman spectra measured from the
tissue sites belonging to the oral cavity of healthy
volunteers as well as of patients with oral lesions were
analyzed employing different multivariate statistical
methods whose brief description is as follows.
Pillai’s V
In order to quantify the differential amongst the
measured Raman spectra belonging to different
pathology classes as well between the spectra of
healthy tobacco users and the non-users, a metric,
called Pillai’s V [32], was calculated. In brief, Pillai’s V,
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used in multivariate analysis of variance (MANOVA), is
a statistical measure of the amount of separation
between the samples belonging to multiple classes and
is the trace of the matrix defined by the ratio of
between-group variance (B) to total variance (T). The
Pillai’s V trace is given by:
h

V = trace(BT 1 ) = 
i=1

i
i + 1

(1)

where i is the i eigenvalue of the W B in which W is
the within-group variance and h is the number of
factors being considered in MANOVA, defined by h = c1, c being the number of classes. A high Pillai’s V
means a higher amount of separation between the
samples of classes, with the between-group variance
being relatively large compared to the total variance.
th

-1

Standard Error (SE) Confidence Interval
To identify the region of spectral differences
between the Raman spectra of healthy volunteers with
(N:WTH) and without tobacco consumption habits
(N:WOTH), standard error (SE) confidence intervals
[10] were utilized. The SE was calculated at each
wavenumber as:

SE (  ) =

2
2
 N:WTH
( )  N:WOTH
( )
+
nN:WTH
nN:WOTH

(2)

Here,  is the pooled variance of the intensities at
each wavenumber of each tissue type and nType is the
number of tissue spectra included in that particular
tissue type. The SE was then multiplied by appropriate
t-values based on total degrees of freedom and a
predefined confidence level to produce a confidence
interval. Difference spectra between two tissue types
were overlaid on the confidence interval to qualitatively
identify statistically significant spectral differences. The
portion of the difference spectra outside the confidence
interval represents the region of the spectral
differences with predefined statistical significance.
2

Multi-Class Diagnostic Algorithm
In order to analyze the diagnostic content of the in
vivo Raman spectra measured from the oral cavity of
the different subjects and quantitatively predict their
class-memberships,
probability-based
multivariate
statistical diagnostic algorithms capable of direct multiclass classification [33] was developed. The
development of the algorithms [33] consisted of two
steps: 1) extraction of diagnostic features from the
spectra using nonlinear maximum representation and
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discrimination feature [34] (MRDF) and 2) probabilistic
classification based on linear sparse multinomial
logistic regression [35] (SMLR) for classifying the
nonlinear
features
into
corresponding
tissue
pathologies.
Given a set of input data comprising Raman spectra
with a given dimensionality from different pathology
classes, nonlinear MRDF [33-34] aims to find a set of
nonlinear transformations on the input data that
optimally discriminate between the different classes in
a reduced dimensionality space. It uses nonlinear
transforms that are polynomial mappings of the input
data and computes K<<D nonlinear transformation
vectors, K, from D-dimensional (where D is the
number of wavenumbers over which spectra were
recorded) spectral data of oral tissues, such that the
projections of the input data on K from the different
tissue categories are statistically well separated from
each other.
Classification with SMLR [33,34] is a probabilistic
multi-class model based on sparse Bayesian machinelearning framework of statistical pattern recognition.
The central idea of SMLR is to separate a set of
labeled input data into its constituent classes by
predicting the posterior probabilities of their classmembership. It computes the posterior probabilities
using a multinomial logistic regression model and
constructs a decision boundary that separates the data
into its constituent classes based on the computed
posterior
probabilities
following
Bayes’
rule.
Classification of a given set of input data x is based on
the vector of posterior probability estimates yielded by
the SMLR algorithm and a class is assigned to each
dataset (transformation of the original spectrum) for
which its posterior probability is the highest.
Normalized spectra were used as inputs to the
developed algorithms as described previously by
Majumder et al. [33]. All analyses were performed
using leave-one-individual-out cross validation. In this
method, the set of spectra from an individual was held
out from the full set of spectral data of N individuals
and the training of the algorithm was performed using
all the spectra of the remaining N-1 individuals. The
algorithm thus trained was then used to predict the
class-memberships of the withheld spectra from the
excluded individual. This was repeated N number of
times (until the spectra of all the N number of
individuals were exhausted) each time excluding a
different individual for the purpose of validation and retraining the algorithm using spectra of the rest of the
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individuals. Since the training set data remained
completely independent of the test data in each of the
N loops (as the set of spectra from an individual was
never a part of both the training and the validation sets
simultaneously), the validation was statistically
unbiased. Each spectrum was classified to the
predicted class membership (pathology) with the
highest posterior probability.
Multiclass Receiver-Operating Characteristic (ROC)
Analysis
Quantification of the performance of an algorithm is
one of the most critical tasks in machine learning based
classification. Although a variety of methods like
volume under the surface, global performance index,
Matthews correlation coefficient, confusion entropy etc.
have been used for that purpose, we have used the
Hand and Till measure (HTM) which is the most widely
used technique for quantifying the performance of a
multi-class classification algorithm [36]. Its major
attraction is that it is objective and does not require any
subjective input from the user. HTM is based on multiclass Receiver Operating Characteristic (ROC)
approximation and extends the Area Under the Curve
(AUC), one of the most popular measures for binary
classifiers to multiclass tasks. In practice, it calculates
the average of the AUCs on the pair-wise binary
problems derived from the multi-class problems to
generate a scalar summary of the algorithm’s
performance. Given ‘c’ number of pathology classes,
overall performance of a multi-class diagnostic
algorithm is taken as the average of pairwise area
under the ROC curves between c(c1)/2 pairs of
classes and given by Hand and Till measure (HTM)
[37] as:

HTM =

2
 AUC(i,j)
c(c  1) i< j

(3)

Where, AUC is the area under the two-class ROC
curve involving classes ‘i’ and ‘j’. The summation is
calculated over all pairs of distinct classes, irrespective
of order. Similar to the two-class case, the closer the
HTM equals to 1, the more accurate the corresponding
diagnostic algorithm is.
3. RESULTS
Figure 1 shows the mean, normalized Raman
spectra of normal oral mucosa of the healthy
volunteers with and without tobacco consumption
habits. Each spectrum is the average over the
respective number of tissue sites interrogated in the
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corresponding case. The error bars represent ±1
standard deviation. It is apparent from the figure that
subtle but significant differences exist in peak
intensities between the two cases indicating
biochemical differences inherent in the two different
normal tissue types. The percentage variation (/x ) in
the spectral intensities from the different measurement
sites was observed to lie in the range of ~15%-35%
over the respective number of tissue sites included in
the two cases for all the measured spectra. Here, x is
the mean intensity value from different measurement
sites of one category and  is one standard deviation.
For illustrating the spectral differences between the
tissue types, mean difference spectrum obtained by
subtracting one mean spectrum from the other is
shown in Figure 2. The gray band shows the
confidence interval calculated by multiplying SE with a
t-value corresponding to 95% confidence intervals and
the degrees of freedom equal to number of spectral
measurements (corresponding to each category) minus
the number of tissue categories. A number of
significantly different Raman bands are observed for
the tobacco non-users with respect to the tobacco
users. For example, the intensities of the Raman bands
-1
in the wavenumber regions of 1244-1272 cm , 1297-1
-1
-1
1313 cm , 1434-1456 cm and 1643-1672 cm are
found to be considerably higher in the spectra of
tobacco non-user as compared to those of tobacco
users indicating changes in the collagen and lipid
contribution.
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Figure 2: Mean difference spectra showing statistical
differences between oral tissue Raman spectra of healthy
volunteers without any tobacco consumption habit (N:WOTH)
and with tobacco consumption habit (N:WTH). Gray bands
indicate 95% confidence intervals of the difference
determined by standard error confidence intervals.

Figure 1: Mean, normalized Raman spectra of the oral
mucosa of healthy volunteers with tobacco consumption habit
(N:WTH) and without any tobacco consumption habit
(N:WOTH). The error bars (gray) represent ±1 standard
deviation.

without tobacco consumption habits, the MRDF-SMLR
based multi-class classification algorithm was applied
in binary mode on the spectral data sets. Table 2 lists
the results of leave-one-subject-out supervised
classification in the form a confusion matrix. One can
see excellent discrimination between the tissue types
with classification accuracy of over 95%, which further
confirms the statistical significance of the spectral
differences observed between the two. In addition to
assigning class labels, the diagnostic algorithm also
yielded posterior probabilities of the measured tissue
sites belonging to each oral tissue category. The
posterior probabilities are indicative of the certainty of
classification and they are plotted for all the different
tissue sites included in each tissue category. Figure 3
illustrates the computed posterior probabilities for the
oral tissue sites investigated for the healthy tobacco
non-users and the tobacco users. One can see that
while more than ~93% of the tissue sites are having
posterior probabilities of greater than 80% of belonging
to either of the two categories, less than 5% of the
tissue sites in either of the categories are having
exceedingly low posterior probabilities (<30%) of
belonging to their respective category. This is not quite
unusual considering the individual variation in tobacco
absorption, metabolism and excretion along with the
fact that the grouping of an individual with a healthy
oral cavity into either of the two categories of tobacco
users and non-users was based on self reported
questionnaire.

In order to quantify the above differences in the
Raman signatures of healthy volunteers with and

Figure 4 shows the mean Raman spectra of the
different oral lesions investigated. The spectra are
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Table 2: Confusion matrix displaying classification of
the Raman spectra of normal oral tissue sites
into two classes: normal without any tobacco
consumption habit (N:WOTH) and normal with
tobacco consumption habit (N:WTH). The
classification results were obtained by using
the MRDF-SMLR diagnostic algorithm in leaveone-subject-out cross validation mode

peaks indicating an increased tendency of the
potentially malignant tissues to show keratinization as
compared to normal.

Raman Classification
Tissue Category

N:WOTH

N:WTH

N:WOTH (n=83)

95.2%

4.8%

N:WTH (n=204)

4.9%

95.1%

Figure 4: Mean, normalized Raman spectra of OSCC
(n=316), OSMF (n=94), OLK (n=105), N:WOTH (n=83), and
N:WTH (n=204). The error bars (gray) represent ±1 standard
deviation.
Figure 3: Posterior probabilities of being classified as normal
without any tobacco consumption habit (N:WOTH) and
normal with tobacco consumption habit (N:WTH).

averaged over all the tissue sites interrogated in the
corresponding lesions. For the sake of comparison, the
spectra of the normal oral mucosa of healthy
volunteers with and without tobacco consumption
habits are also shown in the same figure. The error
bars (one standard deviation) represent the variability
of Raman spectral signatures across the different
tissue categories. The Raman bands appearing in the
spectra of the different oral tissue types reveal that the
pathologic spectra can largely be separated based on
protein and lipid related Raman features. For instance,
-1
the intensity of 1004, 1213, 1338, 1578 and 1606 cm
Raman bands, believed to be due to proteins, [8-16,1819] were found to be higher for malignant tissues as
compare to normal. On the other hand, the lipidspecific Raman peaks at ~1081, 1266, 1304, 1446, and
-1
1663cm were found to be stronger in normal. In
contrast, the differences in the Raman spectra of
potentially malignant with respect to normal are seen to
-1
be around 1081, 1304, 1450 and 1663 cm Raman

In order to investigate whether the normal oral
tissue sites of healthy volunteers with tobacco
consumption habits could be separated from the rest of
the tissue types in multi-class discrimination platforms,
the probabilistic multi-class classification algorithm was
applied on the full set of spectra belonging to the
following tissue categories; Case-I: normal with
tobacco consumption habit (N:WTH), normal without
any tobacco consumption habit (N:WOTH), and
potentially malignant (consisting of spectra of OSMF
and OLK tissue sites pooled together), Case-II:
N:WTH, N:WOTH, potentially malignant (PM) and
malignant (comprising spectra of OSCC tissue sites)
and Case-III: N:WTH, N:WOTH, OSCC, OSMF and
OLK. Tables 3-5 show the classification results in the
form of confusion matrices displaying comparison of
actual or pathological with that of Raman spectroscopic
diagnosis for the whole set of spectra. In all the cases,
the classification results were obtained based on leaveone-subject-out cross validation of the respective data
sets. A look at the tables clearly reveals that the oral
tissue sites of the tobacco using healthy volunteers can
be separated in all the cases with an accuracy of
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classification of ~80%. Figures 5a, b and c illustrate the
posterior probabilities computed by the MRDF-SMLR
algorithm for the measured tissue spectra of each
tissue class of belonging to that particular class for
different cases investigated. It is worth noting that
majority of the misclassified sites of the healthy
tobacco users fall into either malignant or potentially
malignant categories indicating a possibility of mucosal
alterations at the interrogated locations.
Table 3: Confusion matrix displaying classification of
the Raman spectra of oral tissue sites into
three classes: normal without any tobacco
habit (N:WOTH), normal with tobacco habit
(N:WTH), and potentially malignant (PM;
consisting of spectra of OSMF and OLK tissue
sites pooled together). The classification
results were obtained by using the MRDFSMLR diagnostic algorithm in leave-onesubject-out cross validation mode
Raman Classification

Tissue Category

N:WOTH

N:WTH

PM

N:WOTH (n=83)

92.8%

0%

7.2%

N:WTH (n=204)

1.0%

92.1%

6.9%

PM (n=199)

8.6%

4.0%

87.4%

Table 4: Confusion matrix displaying classification of
the Raman spectra of oral tissue sites into four
classes:
normal
without
any
tobacco
consumption habit (N:WOTH), normal with
tobacco
consumption
habit
(N:WTH),
potentially malignant (PM) and malignant
(OSCC). The classification results were
obtained by using the MRDF-SMLR diagnostic
algorithm in leave-one-subject-out cross
validation mode
Raman Classification

Tissue Category
N:WOTH

N:WTH

PM

OSCC

N:WOTH (n=83)

85.6%

4.8%

3.6%

6.0%

N:WTH (n=204)

3.4%

82.4%

9.8%

4.4%

PM (n=199)

2.0%

7.6%

84.9%

5.5%

OSCC (n=316)

1.6%

4.1%

5.7%

88.6%

In order to investigate the effect of the tobacco
induced variability in the Raman spectra of the oral
cavity of healthy volunteers on the outcome of
supervised classification, the probabilistic multi-class
diagnostic algorithm was applied on two sets of
spectral data; Set-I: OSCC, OSMF, OLK and pooled
set of spectra of tissue sites of healthy volunteers with
and without tobacco consumption habit (N:ALL) and
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Set-II: OSCC, OSMF, OLK and spectra of tissue sites
of healthy volunteers with no tobacco consumption
habit (N:WOTH). In both the cases, the common task
of the algorithm was to classify the measured tissue
Raman spectra into four different tissue categories:
“normal”, OSCC, OSMF and OLK. Tables 6-7 show the
confusion matrices listing classification results
corresponding to Set-I and Set-II respectively. It is
apparent from the tables that the overall classification
accuracy is significantly improved in the case of Set-II
where the spectra of tissue sites of healthy volunteers
with tobacco habits are excluded from the data of
normal category. Table 8 shows the Pillai’s V values
obtained for the two sets of Raman spectra. One can
see higher values of Pillai’s V for the Set-II indicating a
larger separation between the four tissue categories in
this case.
Figures 6a and b illustrate the posterior probabilities
computed by the MRDF-SMLR algorithm for the
measured tissue spectra of each tissue category of
belonging to that particular category for the two
different cases: Case-1 when the pooled spectral data
of tobacco users and non-users was considered as the
reference normal, and Case-2 when the set of spectra
of tobacco users was excluded from the spectral data
of reference normal. It is apparent from the figures that
while more than ~82% (on an average) of the correctly
classified tissue sites in different tissue categories have
a posterior probability >0.80 for Case-2 (spectra of
tobacco
users
excluded
from
normal),
the
corresponding fraction is reduced to ~72%, when the
set of spectra of the tobacco users was included in the
normal database.
The ROC analyses of the classification results
provided a quantitative evaluation of the overall
performance of the diagnostic algorithm for the two
different classification cases. Table 8 lists the HTM
values obtained for the two cases. While the estimated
HTM value for Case-1 is seen to be 0.95, for Case-2
the corresponding value is seen to be 0.99. It is
important to mention here that the HTM value is a
quantitative measure of the gross performance of an
algorithm and the HTM for an ideal diagnostic algorithm
will have a value of 1.
4. DISCUSSIONS
There has been no systematic study, thus far, on
the use of in vivo Raman spectroscopy for exploring
the tobacco consumption induced changes in the oral
mucosa of healthy volunteers. Further, no reports exist
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Table 5: Confusion matrix displaying classification of the Raman spectra of oral tissue sites into five classes: normal
without any tobacco consumption habit (N:WOTH), normal with tobacco consumption habit (N:WTH), OSCC,
OSMF and OLK. The classification results were obtained by using the MRDF-SMLR diagnostic algorithm in
leave-one-subject-out cross validation mode
Raman Classification

Tissue Category
N:WOTH

N:WTH

OSCC

OSMF

OLK

N:WOTH (n=83)

91.6%

4.8%

2.4%

1.2%

0%

N:WTH (n=204)

2.4%

79.9%

9.8%

6.4%

1.5%

OSCC(n=316)

1.3%

6.0%

87.7%

0.9%

4.1%

OSMF (n=94)

0%

9.6%

2.1%

86.2%

2.1%

OLK(n=105)

1%

5.7%

4.8%

2.8%

85.7%

Figure 5: Posterior probabilities for the Raman spectra of the oral tissue sites of being classified as: (a) normal without any
tobacco consumption habit (N:WOTH), normal with tobacco consumption habit (N:WTH), and potentially malignant (PM;
consisting of spectra of OSMF and OLK tissue sites pooled together), (b) N:WOTH, N:WTH, PM and malignant (comprising
spectra of OSCC tissue sites), and (c) N:WTH, N:WOTH, OSCC, OSMF and OLK.
Table 6: Confusion matrix displaying classification of
the Raman spectra of oral tissue sites into four
classes: OSCC, OSMF, OLK and pooled set of
spectra of tissue sites of healthy volunteers
with and without tobacco consumption habit
(N:ALL). The classification results were
obtained by using the MRDF-SMLR diagnostic
algorithm in leave-one-subject-out cross
validation mode
Raman Classification
Tissue Category

N:ALL

OSCC

OSMF

OLK

N:ALL (n=287)

85.0%

8.4%

3.8%

2.8%

SCC (n=316)

8.2%

88.6%

0.3%

2.9%

SMF (n=94)

13.8%

0%

85.1%

1.1%

LPK (n=105)

13.3%

4.8%

0%

81.9%

aimed at addressing to this crucial issue. Another
important goal of the present study is to investigate the
feasibility of using Raman spectroscopy for separating
tobacco consuming healthy individuals (with no history
of any disease of the oral cavity) from those healthy
individuals who do not have any history of either
Table 7: Confusion matrix displaying classification of
the Raman spectra of oral tissue sites into four
classes: OSCC, OSMF, OLK and spectra of
tissue sites of healthy volunteers with no
tobacco consumption habit (N:WOTH). The
classification results were obtained by using
the MRDF-SMLR diagnostic algorithm in leaveone-subject-out cross validation mode
Raman Classification

on investigating whether the outcome of a
spectroscopic diagnosis depends on inclusion or
exclusion of the spectral data (of the oral cavity) of
healthy individuals with tobacco consumption habits in
the reference normal database. The present study is

Tissue Category

N:WOTH

OSCC

OSMF

OLK

N:WOTH (n=83)

96.4%

2.4%

1.2%

0%

OSCC (n=316)

1.6%

89.9%

2.5%

6.0%

OSMF (n=94)

1.1%

0%

96.8%

2.1%

OLK (n=105)

1.0%

4.8%

1.9%

92.3%
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Table 8: The values of Pillai’s V and the Hand-Till
measure (HTM) for four-class receiver
operating characteristic (ROC) analysis of the
classification results. While, Set-I corresponds
to OSCC, OSMF, OLK and N-ALL (i.e. pooled
set of spectra of the oral tissue sites of healthy
volunteers
with
and
without
tobacco
consumption habits), Set-II corresponds to
OSCC, OSMF, OLK and N:WOTH (i.e. spectra of
the oral tissue sites of healthy volunteers
without any tobacco consumption habit)
Measure
Classification Set

Pillai’s V

HTM

Set-I

0.78

0.95

Set-II

0.96

0.99

tobacco consumption or any other oral diseases. This
is required because recent advances in the
understanding of oral cancer have enough evidence to
suggest that several cytological and molecular changes
occur in the visibly normal oral mucosa several years
before frank cancers develop [5-7], and tobacco, a
genotoxic as well as a local irritant, is a key contributor
to that [1-2,38]. In fact, it has been observed that more
than 75-90% of patients who develop dysplasia or
malignancy of the oral cavity have a history of longterm tobacco use [39]. Thus monitoring of the oral
cavity of otherwise healthy individuals at regular
intervals and identifying individuals already at risk for
oral cancer and its precursors has the potential to
improve early detection, providing the opportunity to
intervene when treatment is most effective.
Traditionally, identifying a tobacco consuming
individual and quantifying his tobacco exposure for
recognizing the person’s risk for oral neoplasia, is
based on certain personal information such as the
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number of cigarettes (or bidi) smoked a day, the
amount (or weight) of tobacco products chewed, the
duration and frequency of tobacco consumption etc.
which are generally obtained from a self reported
questionnaire. Owing to the subjective nature of the
furnished information and also due to the intrinsic
variability that may exist in the absorption, metabolism
and excretion of tobacco in different individuals, the self
reported methodology is not expected to provide a
reliable estimate of the actual tobacco exposure. In
order to overcome this problem, recently, certain
biomarkers have been proposed for assessing or
monitoring the tobacco exposure and also evaluating
the efficacy of measures designed to control the ill
effects of tobacco. For example, cotinine present in
serum, saliva or urine, has been reported to be one of
the most specific and sensitive biomarkers of tobacco
exposure over a short time (few days) and its levels
have been found to positively correlate to the risks of
some tobacco related diseases [40]. Similarly, hair
nicotine has been shown to be a valid and reliable
measure of long term exposure that has the potential to
be readily applied in epidemiological studies [41].
Though each of these methods has been shown to be
useful in certain situations and research aimed at
improving the accuracy of these approaches is
ongoing, a common limitation of these methods is the
requirement of a series of processing steps which are
both time and chemicals consuming. Thus, there
remains an important need for alternative methods that
can help objectively separate tobacco users from the
non-users without requiring their personal feedback.
The present study clearly demonstrates that Raman
spectroscopy has the ability to do that job and it can be
used as an alternate tool to non-invasively distinguish
tobacco users not only from the non-users but also

Figure 6: Posterior probabilities for the Raman spectra of the oral tissue sites of being classified as: (a) N:ALL (spectra of
tobacco users and non-users put together), OSCC, OSMF, and OLK, and (b) N:WOTH (spectra of tobacco users excluded),
OSCC, OSMF, and OLK.
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from other premalignant and malignant lesions of the
oral cavity. For example, one can see from the results
that while tobacco users can be separated from the
tobacco non-users with an accuracy of over 95% in the
binary classification mode (Table 2), the accuracy is
~80% when it comes to separating these from the
OSCC, OSMF and OLPK along with the tobacco nonusers in the multi-class classification platform (Tables
5).
The primary basis of the Raman spectroscopic
identification of the tobacco users is the various
changes in the spectral signatures of the oral cavity
mucosa caused by the consumption of tobacco. In
Figure 1 one can clearly see that the tobacco exposed
and non-exposed oral tissues exhibit notable changes
in the intensities of protein and lipid related spectral
features. For example, the Raman peaks at 1243,
-1
1299, 1447, and 1655 cm associated with collagen
were found to have larger intensities for the spectra of
the healthy oral cavities without any tobacco exposure
as compared to those having tobacco exposure. This
probably can be attributed to two reported facts. First,
nicotine in tobacco is believed to inhibit the growth of
fibroblasts and their production of fibronectin and
collagen [1, 42] and second, consistent use tobacco is
known to affect the surface epithelium in the oral cavity
resulting in thickening of the epithelium (white lesion)
thereby reducing the subsurface collagen contribution
[43].
While the findings of the binary classification
revealed that the healthy volunteers grouped into
tobacco users and non-users (based on the feedback
of the reported questionnaire) could indeed be
separated from each other with excellent accuracy
(Table 2) based on the Raman spectra measured from
their oral cavity, it was also relevant to find the
significance of these inter-normal spectral variations
towards multi-class classification of the different oral
tissue pathologies. One can see from the classification
results listed in the confusion matrices (Table 6 and 7)
that the classification with spectral data of tobacco
users excluded from the reference normal provides an
improved overall classification accuracy of ~92% as
against an accuracy of ~86% when the pooled set of
spectra of tobacco users as well as non-users was
taken into account during classification. The spectra
belonging to OLK, OSMF and healthy volunteers are
seen to be correctly classified with ~82%, 85% and
85%, accuracies respectively, when the reference
normal includes the spectra of tobacco users. However
the situation is seen to drastically improve with the
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corresponding accuracies improving to ~ 92%, 97%
and 96% when the spectra of tobacco consuming
healthy volunteers are excluded from the spectral data
of reference normal. In the case of OSCC too, the
classification accuracy is seen to improve when the
spectra of tobacco users are excluded from the
database of normal control during multi-class
classification, but the improvement is found to be less
(only a little over ~1%) in comparison with other
categories. All these observations are further supported
by the multi-class ROC analyses that resulted in an
HTM value 0.99 for classification with spectra of
tobacco users excluded from the reference normal
database and 0.95 for the case when pooled spectral
data of both the categories was taken into
consideration. The reason for this improvement in the
classification accuracy can be understood from Table 8
which lists the values of the Pillai’s V before and after
exclusion of tobacco users. It is seen that Pillai’s V
value corresponding to the classification with tobacco
users excluded from the reference normal is larger than
its value obtained for the pooled spectral data (without
excluding the spectra of tobacco users). One may note
that Pillai’s V is a quantitative measure of the
separation between different pathology classes and a
large Pillai’s V value means large amount of separation
between different pathology classes [33].
We have used a multi-class diagnostic algorithm
based on MRDF and SMLR for separating the oral
lesions of different pathologies from the normal oral
mucosa based on their measured Raman spectra. The
major advantage of using the MRDF-SMLR algorithm is
that it is inherently polychotomous allowing one to
simultaneously classify spectral data into more than
two classes without the need to train and heuristically
combine multiple dichotomous classifiers. It is a nonlinear algorithm that uses higher order correlations and
is capable of providing improved discrimination
because of its built-in capability to separate classes
which are not linearly separable in the original input
data space [33]. Another important advantage of the
algorithm is that being based on a Bayesian
framework, it is able to predict the posterior probability
of class-membership of the investigated tissue sites.
This idea is demonstrated in Figures 5-6 where the
predicted posterior probabilities for the different oral
tissue sites of being classified into their respective
pathology classes are plotted. The availability of this
quantitative information during tissue discrimination
would allow the clinician to reassess those sites that
are classified with higher relative uncertainty.

Tobacco Consumption Induced Changes in the Healthy Oral Mucosa

Compared to non-probabilistic classification schemes
like SVM [44], nearest-mean classifier (NMC), principal
components analysis (PCA) [45], linear discriminant
analysis (LDA) [46], or PCA-LDA etc. where sites
having a diagnostic score below a certain threshold
would be classified as normal, in the probabilistic
scheme the sites showing lower probability than that for
“absolute normal” may be further interrogated if the
objective is to not to miss any abnormal sites, as may
be required for accurate screening of the oral cavity.
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influence the classification results obtained in this
study. Further, the intrinsic variability of tissue Raman
spectra that might result due to other factors like the
influence of anatomy, age, gender etc. also might affect
the classification performance. Therefore, further
clinical studies in a larger patient population, which are
already in progress, will be used to address these
issues and validate the classification estimates
presented here.
5. CONCLUSIONS

It is important to mention here that the performance
of a diagnostic algorithm also depends on the prototype
spectral data included in the training set and the
detection of any abnormality is possible only by
comparing with a benchmark normal that serves as the
reference. The more exact the benchmark normal, the
better is the possibility of accurate detection. Thus,
consideration of spectral data of healthy oral cavities
with no history of any disease of the oral cavity as the
reference normal is expected to better assess the
“normal-ness” of the contralateral uninvolved region of
the oral cavity (of a patient) that is assumed to be
normal based on visual assessment. In contrast, the
inclusion of spectral data of the visually uninvolved
regions in the reference normal, might increase the
number of false negatives, since these regions might
have some sub-visual changes due to the field effect of
the disease (though no histopathological confirmation
is possible) and thus may not be truly normal. Due to
this reason the spectral data from the normal
squamous tissue sites of the healthy volunteers instead
of that from the tissue sites of normal appearing
mucosa in the contralateral uninvolved region of the
oral cavity of patients were used as the reference
normal database for the diagnostic algorithm employed
in the present study.
The results of the present study definitely prove the
hypothesis that consumption of tobacco causes
detectable spectral changes in the otherwise healthy
oral mucosa of an individual. In terms of clinical
diagnosis using Raman spectroscopy, this signifies that
one should incorporate spectral data of only the healthy
individuals, who do not have any history of tobacco
consumption, in the training set as reference normal to
have an improved performance of the algorithm (i.e.
more accurate diagnosis) for the test set. However, it
should be noted that the present study was based on
spectra from a limited number of individuals assumed
to be representative of the entire patient population.
The patient selection criteria as well as the limited
number of spectra in each tissue category might

To conclude, a clinical study was carried out to
characterize the variability of the in vivo Raman spectra
of the oral cavity of healthy volunteers with and without
any tobacco consumption habits and investigate the
effect of inclusion and exclusion of the spectral data of
tobacco users in the reference normal database on the
performance of a probabilistic multi-class diagnostic
algorithm employed to discriminate malignant and
potentially malignant oral lesions from the healthy oral
mucosa. It was found that the tobacco consuming
healthy volunteers could be separated from those
without any habit of tobacco consumption with an
accuracy of over 95% based on the Raman spectra
measured from their oral cavity. This indicates the
potential of Raman spectroscopy to detect preclinical
changes (in the apparently normal mucosa) that could
serve as predictor of increased risk of dysplasia or
malignancy in an individual. Exclusion of the spectral
data of the oral cavity of the healthy volunteers from
the reference normal database was found to provide an
overall classification accuracy of ~92% as against an
accuracy of ~86% obtained in the case of pooled
spectral set of the oral cavity of tobacco users and nonusers. The results demonstrate the necessity of a
reference normal spectral database of only tobacco
non-users for training a diagnostic algorithm in order to
make an accurate prediction of the pathology of the
target tissue.
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Abstract
Purpose Cleft palate repair mandates use of a mouth gag
and Dingmans moth gag is the most commonly used for the
same; but the use of Dingmans mouth gag may have the
demerit of the suture getting tethered at various places of
the instrument during cleft palate closure particularly in the
hands of the beginner surgeon.
Method This article discusses about a simple technique of
using a rubber dam sheet to cover the frame of the mouth
gag.
Conclusion The technique discussed in this article is
simple, cost effective method to overcome the potential
disadvantage of suture adherence during repair of palatal
tissue. The technique also has the potential to reduce the
total operative time which needs a further study to validate
the same.
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Introduction
A mouth gag is a part of the basic necessary armamentarium required in cleft palate surgeries. These mouth gags
are of different shapes and sizes and have evolved to
eliminate the potential demerits and problems over a period
of time [1, 2].
Dingmans retractor is a popular equipment among cleft
surgeons and was first introduced in 1962 by Dingman and
Grabb who modified the open, C-shaped frame Dott-Kilner
gag into a rectangular, closed frame [1].
Many different companies manufacture this equipment.
The inherent design involves lot of springs, corners, crevices and hooks which have a potential disadvantage of the
suture getting tethered during closure of palatal soft tissues.
This teethering causes an increase in the total operative
time and adds to the irritation and frustration of the operating surgeon. Thus, in our unit we decided to overcome
this basic inherent problem by draping these hooks, corners, springs and crevices of the Dingmans mouth gag by a
suitable material, thereby eliminating the teethering effect
of these structures of the gag and creating a smooth and flat
platform for easy passage of suture into the oral cavity.

Technique
After the patient is prepared for the palate surgery, the
Dingmans mouth gag is applied as done routinely and
infiltration of the vasoconstrictor solution is done. While
we wait for the effect of the vasoconstrictor a commercially
available rubber dam sheet of size 600 9 600 , gauge medium
(0.18 mm), which is sterilized in an autoclave is applied all
around the mouth gag at seven different points (Fig. 1).
This is a self retaining sheet due to its elasticity and does
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at the retaining end of the tongue blade (point 5). The
lateral two retaining points are on either side of the gag at
the holding screws of the cheek retractor (points 6, 7).
After the rubber dam is stretched and applied at the seven
points as described, the central portion is cut off with
scissors thus providing access to the oral cavity for subsequent surgical procedure (Fig. 2).

Discussion

Fig. 1 Adaptation of rubber dam sheet over the Dingmans mouth
gag. Points marked 1–7

The simple technique of using a rubber dam for the purpose
of draping and eliminating suture retentive areas of the
mouth gag can comfortably be performed without adding
an exponential cost.
Availability of rubber dam sheet is also not a problem as
it is routinely used for isolation in day to day dental
practice.
Moreover, the technique ensures easy, smooth, and
prompt passage of suture without getting retained. This
technique is likely to reduce the total operating time
thereby eliminating frustration particularly in the beginner
surgeons; however a comparative study evaluating the total
time involved in the procedure with and without application of a rubber dam sheet is required to substantiate the
same. The use of this technique can be practiced easily by
beginners but should be avoided in patients reporting with
latex allergy.
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Abstract
Background and Objectives: Surgical extraction of the third molars has been one of
the widely performed procedures of all the minor oral surgical procedures in oral and
maxillofacial surgery. Inflammation is a critical part of the normal sequence of healing as
well as is an important cause for postoperative sequelae. They include pain, restriction of
mouth opening, and swelling which are a few reasons for discomfort to the patient. There
are various measures for the management of these complications including administration of
nonsteroidal anti‑inflammatory drugs. This study was done to compare the clinical efficacy
of oral and sublingual piroxicam in the management of postoperative pain after surgical
removal of the lower third molars.
Methodology: The study comprised thirty selected patients with bilaterally impacted
mandibular third molars. Split‑mouth study design was implicated such that the
patients served as their own control. Group 1 consisted of patients who were given
piroxicam orally, and Group 2 consisted of patients who were given sublingual
preparation postoperatively. Subjective evaluation (visual analog scale) and objective
evaluation (validated landmarks) were carried out for pain, swelling, and trismus for
the postoperative days 1st, 3rd, and 7th.
Results: The results showed no significant differences with respect to postoperative pain,
trismus, and swelling when the two routes of drug delivery, namely, oral and sublingual
were compared. Furthermore, the amount of rescue analgesics taken was slightly higher in
the oral group but not statistically significant.
Conclusion: Within the limitations of the study, it can be concluded both oral and sublingual
formulations of piroxicam show comparable results and that both are equally effective in
the postoperative management of pain, trismus, and swelling after surgical removal of the
third molar.
Key Words: Impaction, nonsteroidal anti‑inflammatory drug, sublingual and oral
piroxicam
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Introduction
The surgical removal of impacted third molars is one
of the most common minor oral surgery procedures
widely carried out in general practice and also occupies
an appreciable amount of clinical time in many hospitals
in oral and maxillofacial departments.[1] The decision
to remove third molar is often difficult because of
the consequences of the surgical extraction. Patients
complain of pain, swelling, and limitation of mouth
opening.[2]
Sublingual administration of the drug avoids the first
passage of drug in liver, unlike oral administration.
Furthermore, orally administered nonsteroidal
anti‑inflammatory drugs (NSAIDs) pass through the
gastrointestinal tract causing disturbances, whereas
sublingual administration avoids that.[3]
In this study, we have compared the clinical efficacy
of piroxicam, administered orally and sublingually, for
the management of postoperative pain and trismus and
swelling after surgical removal of the lower third molar.
Aim

The aim of the study is to compare the efficacy of
sublingual and oral piroxicam for the management of
postoperative pain after the mandibular third molar
surgery.
Objectives

1. Assess the clinical efficacy of piroxicam given
sublingually and orally for the relief or prevention
of postoperative pain after the surgical extraction
of the third molar
2. Assess the clinical efficacy of piroxicam given
sublingually and orally for the relief or prevention
of postoperative swelling after the surgical
extraction of the third molar
3. Assess the clinical efficacy of piroxicam given
sublingually and orally for the relief or prevention
of postoperative trismus after the surgical extraction
of the third molar
4. Assess the amount of rescue analgesic taken in both
the cases of orally and sublingually administered
piroxicam.
Study population

Thirty patients, between the age‑group of 18–40 years,
who require to undergo the surgical extraction of the
impacted mandibular third molar, reporting to the
Indian Journal of Health Sciences  May-Aug 2016  Vol 9  Issue 2

Department of Oral and Maxillofacial Surgery at KLE
VK Institute of Dental Sciences, Belgaum, were included
in the study.
Study design

A prospective, randomized study was conducted on a
clinical series of thirty patients:
• Group 1 (30) – Oral piroxicam was given
• Group 2 (30) – Sublingual piroxicam was given.
Sample selection

Thirty randomly selected patients, with bilateral
mandibular impacted third molars, diagnosed by
established clinical and radiographical parameters,
each of the lower third molar being randomly placed
in two groups, namely, oral and sublingual piroxicam,
irrespective of age, sex, difficulty in impaction, and their
response to various drugs to eliminate bias.
Inclusion criteria

1. Patients who will undergo surgical extraction of
bilaterally impacted mandibular third molar teeth,
between the age‑group of 18–40 years
2. Compliant patients.
Exclusion criteria

1. Medically compromised patients
2. Patients unwilling to participate in the study
3. Patients allergic to aspirin, piroxicam, or any other
NSAID and local anesthetic
4. Pregnant women or women in the breastfeeding
period.
Procedure

Case history of the patient was taken before the
commencement of surgical extraction of the mandibular
third molars. Assigned patients underwent surgical
procedure in the Oral Surgery Unit by a single experienced
surgeon. Only one side of the jaw was operated at a
time. The standard protocol is followed for the surgical
extraction of the impacted teeth. All patients received
postextraction instructions. Moreover, following the
extraction, the patient was given piroxicam either
sublingually or orally. Patients were randomly given drug
by either oral or sublingual (opaque envelope method).
Each patient remained unaware of how piroxicam would
be administered after the first surgery was completed.
The NSAID administration protocol was one 20 mg
tablet of piroxicam taken orally or one 20 mg tablet of
fast‑dissolving piroxicam taken sublingually, twice daily
143

[Downloaded free from http://www.ijournalhs.org on Wednesday, December 07, 2016, IP: 182.48.227.209]

Phulgirkar and Balihallimath: Oral and sublingual piroxicam for management of postoperative pain after mandibular third molar surgery

for 2 days and once daily for the next 4 days. Oral rescue
analgesic, diclofenac sodium, was prescribed, and the
patients were asked to record the date and time at which it
was consumed. They were instructed not to interrupt the
use of the principal medication even if they had consumed
rescue analgesic medication. After surgery, the patients
were asked to score overall pain on a 10‑point visual analog
scale (VAS) (VAS: 0 ‑ no pain; 10 ‑ agonizing pain) after the
surgery (within 90 min), 3rd day, and 7th day postoperatively.
The level of facial swelling was determined by the distance
in millimeter between the following landmarks:
• Palpebral external angle and gonial angle of the
operated side, known as angle of eye‑angle of the
jaw (AE‑AJ)
• Lower margin of the tragus to the external angle
of the buccal commissure, known as tragus‑angle
of the mouth (T‑AM)
• Lower margin of the tragus to the middle point of the
symphysis menti, known as tragus‑pogonion (T‑P)
[Figure 1].
Trismus was evaluated by measuring mouth opening
preoperatively and the 1st, 3rd, and 7th days postoperatively
by measuring distance between the mesioincisal
corners of the upper and lower right central incisors
at maximum opening of the jaws. The same antibiotics
were prescribed to all the patients. Half‑life of the
drug is 2 days. Therefore, the patient was recalled after
15 days for the removal of the tooth on the other side.
Statistical analysis

•
•
•

Mann–Whitney U‑test
Chi‑square test
P < 0.05 was considered statistically significant.

Results
The study showed comparable results when pain,
swelling, and mouth opening on the postoperative days
1, 3, and 7 were compared. The rescue analgesics taken
were slightly higher in Group 1 (oral piroxicam) than
in Group 2 (sublingual piroxicam) but not statistically
significant (P = 0.0678) [Tables 1 and 2, Graphs 1 and 2].

Discussion
The complications occurring after surgical extraction of
the third molars can be broadly divided into major and
minor complications. Complications that require further
additional treatment and may result in irreversible
consequences are known as major complications.[5] On
the other hand, complications that can recover without
any further additional treatment are reversible and are
known as minor complications. These mainly include
postoperative swelling, pain, and trismus.[6,7]
The extent of pain and swelling are the chief indicators
of patient’s comfort during postoperative recovery
period. The main contributors for postoperative facial
swelling are the duration and difficulty of the surgical
procedure. Although the effect of gender and age is still
controversial.[8,9]
In this study, swelling and pain were subjectively
evaluated by VAS, and objective evaluation of swelling
was done by validated landmarks. Trismus was evaluated
by measuring the distance between the mesioincisal
corners of the upper and lower right central incisors
at maximum opening of the jaws preoperatively, on the
1st, 3rd, and 7th postoperative days.[2]
The level of facial swelling was determined by a
modification[10] of tape measuring method described by
Gabka and Matsumura.[11] Three measurements were

Figure 1: Palpebral external angle and the gonial angle of the operated
side, known as angle of eye angle of jaw (AE-AJ). Lower margin of the
tragus to the external angle of the buccal commissure, known as tragus
angle of mouth (T-AM). Lower margin of the tragus to the middle point
of the symphysis menti, known as tragus pogonion (T-P)[4]
144

Graph 1: Comparison of oral and sublingual groups with respect to
pain scores at different time points
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Table 1: Comparison of oral and sublingual groups with respect to pain scores at different time points
by Mann-Whitney U‑test
Groups

Day 1
Mean
7.33
5.37
6.35

Oral
Sublingual
Total
Percentage of change in oral

Day 3
SD
2.26
2.33
2.48

Mean
5.43
3.83
4.63

Day 7
SD
2.46
2.21
2.46

Mean
1.33
1.20
1.27

Changes from day 1 to
SD
1.77
1.67
1.71

Percentage of change in sublingual
−3.4965
0.0005*

Z
P

−2.4838
0.0130*

−0.0148
0.9882

Day 3

Day 7

Mean
SD
1.90
1.45
1.53
2.22
1.72
1.87
25.91#%,
P=0.0001*
28.57#%,
P=0.0003*
−1.0793
0.2805

Mean
SD
6.00
1.88
4.17
2.63
5.08
2.44
81.82#%,
P=0.0001*
77.64#%,
P=0.6592
−3.3561
0.0008*

*P<0.05, #Applied Wilcoxon‑matched pairs test. SD: Standard deviation

Table 2: Comparison of two groups (oral and sublingual) with rescue analgesic taken
Rescue analgesic taken
Taken
Not taken
Total

Oral
10
20
30

Percentage
33.33
66.67
100.00

Sublingual
4
26
30

Percentage
13.33
86.67
100.00

Total
14
46
60

Percentage
23.33
76.67
100.00

χ2=3.3542, P=0.0678

avoidance of the first pass metabolism, and food effects.
The sublingual dosage form of piroxicam used in this
study showed no adverse effects.

Graph 2: Comparison of two groups (oral and sublingual) with rescue
analgesic taken

made between five reference points: Tragus, soft‑tissue
pogonion, lateral corner of the eye, angle of the mandible,
and outer corner of the mouth, preoperatively and on the
2nd and 7th postoperative days. Photographic techniques
have also been applied to measure the anatomical changes
in the patients’ profiles undergoing third molar surgery.[12]
The sublingually administered drug is absorbed across
the oral mucosa and thus avoids gastrointestinal and/or
hepatic degradation before entry into the systemic
circulation, unlike orally administered drugs. Sublingual
formulations are therefore considered more effective than
oral ones. Oral mucosal lining is the preferred route for
the local and systemic administration of a few selected
drugs.[13] The advantages over the other routes of drug
delivery, enteral and parenteral, include its rich blood
supply, fast onset of action, improved bioavailability,

Indian Journal of Health Sciences  May-Aug 2016  Vol 9  Issue 2

A double‑blind study was conducted to assess the efficacy
of mefenamic acid and piroxicam in postexodontic pain
relief by Ohnishi M, Kawai T, and Ogawa N. Single doses
of piroxicam (20 mg) and mefenamic acid (500 mg) were
divided into two groups and compared. The treatments
statistically showed equivalent results and were highly
successful; approximately 75% of the study and control
groups reported a reduction of two or more points in pain
intensity. The patients reporting complete relief of severe
pain were on the higher side for piroxicam. Piroxicam was
clearly efficacious in relieving pain after extraction.[14]
Desjardins PJ studied the analgesic efficacy of piroxicam
formulations in management of postoperative dental pain
and concluded that although neither piroxicam 5 mg nor
10 mg produced clinically significant analgesia, piroxicam
that is available in 20 mg or 40 mg was significantly better
to the placebo and was comparable with aspirin 648 mg
over the first six postoperative hours.[15]
A review on single dose of piroxicam for management
of acute postoperative pain was done by Moore RA,
Edwards J, Loke Y, Derry S, and McQuay HJ. The
number‑needed‑to‑treat‑to‑benefit suggests that single
doses of piroxicam (20 mg and 40 mg) are effective
for treating moderate to severe postoperative pain and
compare satisfactorily with opioid analgesics such as
dextropropoxyphene and tramadol and other NSAIDs.
145
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Few side effects were reported, and piroxicam appears
to be fairly well tolerated in this clinical context.[16]
This study assessed the clinical efficacy of the NSAID,
piroxicam, administered either orally or sublingually,
after the surgical extraction of the lower third molars
under local anesthesia. The results of this study showed
that piroxicam administered orally or sublingually
would be effective in reducing inflammation and pain
after the surgical extraction of the lower third molars.
Within the limitations of the study, it can be concluded
that postoperative pain, trismus, and swelling in patients
subjected to surgical extraction of the lower third
molars can be controlled successfully by 20 mg of
piroxicam administered either orally or sublingually.
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ABSTRACT
Introduction: Several studies have shown that self perceived
dental appearance is an important determinant in the decision
to seek treatment.
Aim: The aim of the present study was to assess the selfperceived oral health knowledge, attitude, practice, behaviour
and perception among 18-20 year old students of professional
healthcare institutions in Belagavi city, Karnataka.
Materials and Methods: The novel 21 itemed Oro-Facial
Investment Scale (OFIS) formulated for this study was distributed
to 600 students of professional healthcare institutions (200
each from Medical, Physiotherapy and Ayurveda specialties
respectively). Psychometric properties of the questionnaire
were assessed. Descriptive statistics and chi-square test were
applied.

Results: Total 98.17% practiced the use of facial and oral care
products on a regular basis. All 600 participants disagreed
that they hate their facial appearance and the way their teeth
looked. Out of 200, Ayurveda students 37 were unsatisfied with
the appearance of their teeth. Also, majority of the respondents
agreed that they take prompt care of oral wounds or lesions.
While majority of the subjects did not feel conscious when a
dentist checks their teeth, a robust 153 respondents expressed
their reservations for their dental examination to be performed.
Conclusion: The OFIS seamlessly amalgamates the dental unit
with the immediate facial components; hence, bringing together,
in harmony, a multifaceted dimension in self assessment of the
overall facial and dental behavioural practices.

Keywords: Attitudes/Behaviour, Facial appearance, Health professionals,
Psychometric properties, Self-perception

INTRODUCTION
While there are things which are universally accepted as beautiful,
their appeal to the individual as beautiful varies from person to
person. Similarly, dental health is also a highly individualistic concept
[1].
Enhancement of oral health is attained through a combination of
preventive measures and community health promotion activities.
Social and personal well-being is considered together with physical
capacities, emphasizing the individual through empowerment and
participation. Cross cultural comparisons of health behaviour are of
special interest [2-4].
The role of health professionals is to enable people to make sound
health choices, providing information on health promotion and
prevention by facilitating the development of skills [5]. In many
countries, including the Indian Republic, university students occupy
a significant position in public life, and constitute as opinion leaders
of the future.
Self-perceived and self-assessed oral and dental appearance,
with respect to both aesthetics and function, is a prime factor for a
person’s willingness to seek treatment [6].
In addition, clinical indices or tools cannot depict the satisfaction of
subjects or their ability to perform daily activities [7,8].
While majority of such studies in self perception have been conducted
on dental students and graduates [9-12], starkly revealing, there is
an acute paucity of scientific discourse on the self perception of
Journal of Clinical and Diagnostic Research. 2016 Nov, Vol-10(11): ZC45-ZC49

oro-facial behavioural and aesthetic constructs amongst healthcare
professional students.
Hence, the current study envisaged to assess the self-perceived
oral health knowledge, attitude, practice, behaviour and perception
among 18-20 year old students of professional healthcare institutions
in Belagavi city, Karnataka, India.

MATERIALS AND METHODS
The study employed a cross-sectional, observational design to
collect prevalence data on self-perceived oral health knowledge,
attitude, practice, behaviour and perception using a novel, selfdesigned Oro-Facial Investment Scale (OFIS). A priori power analysis
was set up for the study. A probability of 0.05 for a error (a/2=0.025
in each direction) was fixed for the current study.
Sample: The subjects of this study comprised of 600 students,
Studying in the first and second year of their respective professional
healthcare course. A total of 200 students each from three
healthcare institutions, viz. Jawaharlal Nehru Medical College, B.M.
Kankanwadi Ayurveda College and KLE College of Pharmacy were
selected. Ethical approval was obtained from the Institutional Review
Board of KLE VK Institute of Dental Sciences, Belagavi. The study
was planned as per the convenience and schedule of the respective
institutions. Necessary permissions were taken from the college
principals and departmental heads. The participants were informed
about the study well in advance. All the students, aged between
45
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18-20 years, those present on the day the study was conducted,
were included in the study. A written informed consent was taken
from all the study subjects. Participants suffering from any systemic
disease or having a history of current/ongoing or past orthodontic
treatment were excluded from the study. All the students selected
for the study answered the questionnaire.
Instruments and Measures: Data was collected using a structured
English language questionnaire comprising of a novel, self designed
OFIS, to elucidate the self-perceived oral health knowledge, attitude,
practice, behaviour and perception of the study subjects.
The proforma consisted of two parts. The first part consisted of
basic socio-demographic factors. The second part consisted of a
self-designed 21 itemed OFIS.
The Oro-Facial Investment Scale: The novel OFIS meticulously
expedited in the current study is a ballpark adaption of the broader
Body Investment Scale (Orbach I, Mikulincer M). The Body
Investment Scale taps a person's emotional investment in his or
her body and includes subscales relating to feelings and attitudes
about the body, body care, body protection, and comfort in physical
touch [13].
The OFIS tool comprises of a self-administered tool and supersets
21 items (20 close-ended and 1 open-ended stem) under three
broad subscales exploring questions pertaining to Knowledge (K01K03), Attitude (A04-A11), and Practice (P12-P21 ). Each question
had a dichotomized bivariate Yes/No response.
Psychometric Properties of the OFIS Tool
Pre-Testing: Prior to finalizing the questionnaire, it was pilot tested
among a convenience sample of 50 subjects. Upon completion
of the pilot response format, each subject was interviewed to
gain feedback on the overall acceptability of the questionnaire in
terms of length, language clarity, and on the feasibility of subjects
completing and returning it. These subjects were not recruited in
the final sample.
Validity of OFIS: Assessment of Content Validity–A panel of six
academicians in total, who were subject experts, were asked to
express their opinions in order to calculate the mean Lawshe’s
Content Validity Ratio (CVR), which was discerned to stand at 0.87.
This judgement ascertained that the instrument samples all the
relevant, essential and significant domains.
The CVR was calculated by the help of the following formula:
CVR = [ne-(N/2]/(N/2)
Where ne is the number of panel members indicating an item
“essential” and N is the number of panel members.
Assessment of Face Validity–On the assessment of face validity,
92% of the participants found the OFIS tool to be easy and
comprehendible. This ascertained that the instrument assessed the
desired qualities it intended to encapsulate and measure within its
ambit.
Reliability of OFIS: Internal consistency estimates of reliability
using Cronbach’s Alpha were computed on domain-specific items
to confirm the development of subscales of Knowledge, Attitude
and Practice of the OFIS instrument. The Cronbach’s coefficient
was found to be 0.81, which showed a high internal reliability of the
OFIS tool.

STATISTICAL ANALYSIS
Data was collected and entered in Microsoft Excel and subsequently
subjected to statistical analysis. A statistical model was developed
for descriptive statistics and chi-square test. The Statistical
Package for Social Sciences (SPSS®) Program (SPSS Inc., 16.0
Version, Chicago IL, USA) was used to process and analyze the
data. Proportional comparisons were made using chi-square tests,
and the level of significance was set at 0.05.

46

www.jcdr.net

Males
Females
Total

Medical
Institution

Physiotherapy
Institution

Ayurveda
Institution

94

63

89

246

106

137

111

354

n=200

n=200

n=200

n=600

[Table/Fig-1]: Gender distribution of the study subjects in each of the institutions.

RESULTS
From the total of 600 students recruited from the three professional
colleges, all (100%) of the students completed the questionnaire. A
total of 246 (41%) male students and 354 (59%) female students
participated in the study.
[Table/Fig-1] shows the gender distribution of the study subjects
in each of the institutions. The male-female ratio was found to be
1:1.44 in the present study.
[Table/Fig-2] presents the distribution of the responses to the 21
items of the OFIS tool. A significant result was found for 13 items
in totality. Majority of the participants (98.17 %) practiced the
use of facial and oral care products on a regular basis. All 600
participants disagreed that they hate their facial appearance and
the way their teeth looked. Out of 200, Ayurveda students 37 were
unsatisfied with the appearance of their teeth. Also, majority of the
respondents agreed that they take prompt care of oral wounds or
lesions. While majority of the subjects did not feel uncomfortable
or conscious when a dentist checks their teeth, a robust 153 out
of 600 respondents expressed their reservations for their dental
examination to be performed.

DISCUSSION
To the best of our knowledge, this is the first of its kind formal
assessment of the oral health related knowledge, attitude and
practice pertaining to the health professional students of the Medical,
Physiotherapy and Ayurveda disciplines in Belagavi City, Karnataka,
India. Although attempts have been made in assessing the self
perceived oral behaviours, [14-17] to pool in the students pursuing
medical and paramedical courses in Belagavi City and analyzing
their self perceived oral health practices using the proposed OFIS
tool has been a territory never been scientifically tread upon.
There was no major difference in the responses to the 21 items
of the administered tool among males and females in the present
study (p>0.05). This observation was in concordance with scientific
literature on similar lines contributed by Tseveenjav B et al., Dagli
RJ et al., and Kawamura M et al., [18-20]. However, it was in stark
contrast to studies by Porat D et al., Ostberg AL et al., Nanakorn
S et al., and Kassak KM et al., [21-24]. However, these studies
measured self-perception using different scales and tools.
All the study participants from the three institutions unanimously
believed that caring for their oral health will improve their general
health. This stems out of the fact that the oral cavity indeed mirrors
the well-being of an individual, and the primitive signs of many
systemic ailments/diseases are reflected first in the oral cavity, and
overall general health and quality of life could be worsened due to
oral health problems [25].
Majority of the respondents from all three specialties agreed that
they pay attention to the appearance of their face and teeth, and
also were of the opinion that it was very important to take care of
the face and oral health.
All 600 participants disagreed that they hate their facial appearance
and the way their teeth looked. However, there was a mixed response
when asked if they feel comfortable with the appearance of their
teeth. Also, 18.5% of the Ayurveda students were unsatisfied with
the appearance of their teeth. Similarly, 19.5% of medical students
were uncomfortable with the appearance of their teeth. Results
revealed that a significant 235 out of the total participants thought
Journal of Clinical and Diagnostic Research. 2016 Nov, Vol-10(11): ZC45-ZC49

www.jcdr.net

Vaibhav Kumar et al., The Oro-Facial Investment Scale
Response
(%)

Medical Institution
(n=200)

Physiotherapy Institution
(n=200)

Ayurveda Institution
(n=200)

χ2
p-value

Do you believe that caring for your oral health will
improve your well-being?

Yes

100

100

100

-

No

0

0

0

K02

Do you pay attention to the appearance of your teeth
and face?

Yes

94.5

81.5

80.0

No

5.5

18.5

20.0

K03

Do you think that it is very important to take care of the
face and oral health

Yes

94.5

80.5

76.0

No

5.5

19.5

24.0

S.
No.

Question
Knowledge

K01

<0.001*

<0.001*

Attitude
A04

Do you hate your facial appearance and the way your
teeth look?

Yes

0.0

0.0

0.0

No

100.0

100.0

100.0

A05

Do you feel angry towards the appearance of your face/
teeth?

Yes

0.5

0.0

3.5

No

99.5

100.0

96.5

Do you feel uncomfortable/conscious when a dentist
checks your teeth?

Yes

21.5

28.5

26.5

No

88.5

71.5

73.5

A07

Are you satisfied with the appearance of your teeth?

Yes

92.5

88.5

81.5

No

7.5

11.5

18.5

A08

Do you feel comfortable with the appearance of your
teeth?

Yes

80.5

82.5

74.5

No

19.5

17.5

25.5

Do you think that your face or teeth have imperfections?

Yes

60.0

69.5

53.0

No

40.0

30.5

47.0

A06

A09

A10

A11

If yes, what are the imperfections you perceive?

Irregular Teeth

44.5

31.0

34.5

Dirty/Yellow Teeth

45.0

49.5

54.5

Decayed Teeth

10.5

19.5

11.0

Are you frustrated with the appearance of your teeth?

Yes

3.5

2.5

4.5

No

96.5

97.5

95.5

Are you interested in getting tooth ornamental jewellery
done?

Yes

36.0

42.0

18.0

No

64.0

58.0

82.0

P13

Are you interested in getting oral piercing done?

Yes

0.0

1.0

1.5

No

100.0

99.0

98.5

P14

Do you take special care of your teeth and oral health
when you feel a sign of general health illness?

Yes

76.5

68.5

66.5

No

23.5

31.5

33.5

P15

Do you wash your face and mouth several times a day?

Yes

94.5

93.5

100.0

No

5.5

6.5

0.0

When you are injured, do you immediately take care of
the oral wound?

Yes

100.0

100.0

93.5

No

0.0

0.0

6.5

P17

Do you tend to check your mouth breath before meeting
people?

Yes

42.5

43.5

46.5

No

57.5

56.5

53.5

P18

Do you use facial and oral care products regularly?

Yes

94.5

100.0

100.0

No

5.5

0.0

0.0

Yes

52.5

56.5

46.5

No

47.5

43.5

53.5

-

<0.001*

<0.001*

<0.001*

<0.001*

<0.001*

0.5531

Practice
P12

P16

P19

Do you pamper your face, lips, and teeth?

P20

Do you tend to keep a distance from the person with
whom you are talking to?

Yes

68.5

43.5

72.5

No

31.5

56.5

27.5

P21

Do you change your toothbrush atleast every 3 months

Yes

92.5

71.5

69.5

No

7.5

28.5

30.5

<0.001*

0.243

0.0677

0.0017*

<0.001*

0.7037

<0.001*

0.1314

0.622

<0.001*

[Table/Fig-2]: Distribution of the responses to the 21 itemed OFIS tool.

Test applied: Chi square test, *indicates statistically significant difference at p<0.05

that their teeth had some imperfection. Majority of the medical
students attributed this imperfection to irregularly placed teeth
(44.5%), whereas the Physiotherapy and Ayurveda students quipped
that having dirty/yellow teeth was their perceived imperfection.
Being in the direct and allied health care stream, the respondents
from the institutions were asked general healthcare questions,
stressing on the oral care aspects during these events. A 76.5% of
medical students opined that they take special care of their teeth
and oral health when they feel any sign of illness/general health
Journal of Clinical and Diagnostic Research. 2016 Nov, Vol-10(11): ZC45-ZC49

indisposition, whereas 33.5%of the Ayurveda participants differed
in their choice. All the Medical and Physiotherapy students further
perceived immediate oral wound care after any injurious event
as an important prerogative; however, 13 (6.5%) participants of
the Ayurveda group seemed to emanate a lackadaisical attitude
towards prompt oral care practice by not taking expeditious action
to care for the oral/teeth related injury. There is a possibility that
the respondents depicting a different perception towards prompt
oral wound care believe that a natural course of action through the
47
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innate healing capacity of the body is adequate to ward off or self
limit these injuries.
Whereas, 98.17% of total participants (589 out of 600) practiced
the use of facial and oral care products regularly, there was however
a revealing mixed response when asked whether they pamper their
face, lips and/or teeth. Medical (47.5%), Physiotherapy (43.8%) and
Ayurveda (53.3 %) groups disagreed to follow the aforesaid practice.
These two seamlessly interlinked questions probably throw light
on the difference between the perception of necessity and luxury.
Oral care, if instructed, reinforced and practiced adequately and
regularly, does not require supplementation with other cosmetic or
adjuvant products. Nevertheless, the 261 participants who agreed
to pamper their face, lips and/or teeth rendered it intelligible that
they are seemingly aware of the importance of oral hygiene and
maintenance, and willing to invest on oral and facial care products
to enhance the aesthetic component of their appearance and smile
too. They may also be influenced by the aggressive marketing
strategies adopted by companies manufacturing oral care and
cosmetic products.
The youth are proving to be particular and self-conscious about their
overall appearance and smile. Body art-work and cosmetic dental
treatment are increasingly being sought after in order to enhance
their personality, impart a unique trait and make an impeccable
impression that is noteworthy [26]. Delving into such newer
practices, a statistically significant 192 informants (36% Medical,
42% Physiotherapy and 18% Ayurveda) exhibited enthusiasm in
adorning their tooth with tooth/veneer jewellery, dazzlers/twinkles or
a tooth skyce. A surprisingly revealing 16% of the male participants
answered they were interested in getting this procedure done.
Contemporary and post-modern perspectives interpret these as
signifiers of the self and attempts to attain mastery and control
over the body in an age of increasing alienation. It is an expression
of individuality and uniqueness [27]. This postulates the emerging
interest in accepting and embracing newer and unconventional
trends in cosmetic dental care, slowly tending towards a cosmetic
need and necessity, more pronounced in the urban societal settings.
Also, males who appraised a boulevardier perception were keen
on getting a tooth jewel. Others have viewed such practices as
motivated by the desire for peer acceptance [28-30].
An impressive 99.17% of the 600 participants shunned the idea of
getting oral piercings involving the tongue, lips, and cheeks done.
Being in the healthcare arena, the respondents probably seemed
to be aware that such practices, not just being painful, could have
dire consequences such as significant risk of infection, speech
impediment, hypersensitivity reactions, nerve damage or scarring
[31-34].
While majority of the participants did not perceive to be overtly
conscious or uncomfortable with an oral examination being
performed, an indicative 153 participants responded otherwise. The
reason attributed to this could be probably dental fear or phobia
[35]. Also, many people feel uncomfortable about the physical
closeness of the dentist or hygienist to their face [36]. Others may
feel self-conscious about the appearance of their teeth or possible
mouth odours [37].
Medical 42.5 %, Physiotherapy43.5% and Ayurveda 46.5% subjects
revealed that they tend to check their mouth breath before meeting
people. This could throw light upon the fact that halitosis could be a
negative influence to their self-esteem and self-confidence, and that
they perceived oral malodor as an important aspect to tackle while
striving towards oral well-being [38].
Investigating the basic investment for a good oral hygiene practice,
a statistically significant majority of respondents declared that they
buy a new toothbrush once in at least three months.
Although, there seem to be a pool of validated scales assessing the
oral behaviours and practices of an individual, scientific literature
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reveals a dearth of sound instruments/tools that club the Oral
and facial behavioural and investment practices in congruity. The
OFIS tool displayed impressive psychometric properties, coupled
with the ease of use and administration. The brevity (21 Items for
a KAP Study), item content (Oral and facial self-reported aesthetic
and behavioural constructs), bipolarity (Items exploring positive and
negative constructs) and universality (cross-cultural applicability)
makes the OFIS tool to be explored as a global experience.
The authors express their gusto for others to use the OFIS in future
studies on different groups of populations, especially those not
related to the healthcare field. Studies are also encouraged to be
undertaken to discern the difference in aesthetic self-perception
among subjects residing in the urban settings and rural peripheries.
These could be contributive to a valuable insight to the self-appraisal
of the oro-dental structure, self-reporting potential and possible
treatment expectation from the population.

LIMITATION
One limitation of the study could be attributed to the fact that no
oral examination was conducted to clinically assess the oro-dental
findings and then find a possible association with the self perceived
notions of the participants.

CONCLUSION
The OFIS serves to stand as a novel outcomes and evaluation
measures tool and envisages in heralding a new vista towards
self-appraised oro-facial behavioural and aesthetic constructs. It
seamlessly amalgamates the dental unit with the immediate facial
components; hence, bringing together, in harmony, a multifaceted
dimension in self assessment of the overall facial and dental
behavioural practices.
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Abstract
AIM: Lymph node yield (LNY) is a valid marker of prognosis in oral cancer. Precise estimation of LNY in Indian patients with T3/T4 gingivobuccal
sulcus squamous cell carcinoma (GBS‑SCC) has not been well documented. Hence, the primary objective of the study was to determine the
LNY in patients with T3/T4 SCC of mandibular GBS, and the secondary objective was to study the association of LNY with clinicopathological
factors such as tumor thickness, histological differentiation, number of positive nodes, and extracapsular spread (ECS). MATERIALS AND
METHODS: Study patients comprised biopsy proven T3/T4 SCC of mandibular GBS that underwent unilateral surgery (composite or bite
composite resection with level I to level V‑neck dissection and pectoralis major flap reconstruction) at our center between January 2012 and
October 2014. Grossing of surgical specimens was done as per the guidelines established by the Royal College of Pathologists (December
2009). The data were analyzed using SPSS software (22nd version) and Chi‑square test. RESULTS: The surgical specimens of 106 patients
yielded 2329 lymph nodes with the mean LNY of 21.97 ± 5.57. Higher mean LNY of over 21 was significantly associated with ECS, number
of positive nodes, delay in surgery over 15 days, skin involvement by the tumor, and presence of oral potentially malignant disorders.
CONCLUSION: With the single surgeon, pathologist and same surgical procedure, the mean LNY in Indian patients with T3/T4 SCC of
mandibular GBS is 21.97 ± 5.57. Although clinicopathological factors affect the estimation of LNY, further studies are needed to validate
the findings of this study.
Key Words: Factors, gingivobuccal sulcus, lymph node yield, squamous cell carcinoma

Introduction
Gingivobuccal sulcus (GBS) is a major subsite for oral
squamous cell carcinoma (SCC) in the Indian subcontinent,
and these tumors are known to recur locoregionally the
following treatment.[1,2] Accurate pathological staging is a
critical factor in determining the prognosis in these patients.
Like SCC of any other oral subsite, lymph node metastasis
is a single most important independent prognostic factor
in patients with GBS‑SCC. [2] Apart from tumor node
metastasis (TNM) staging, recent studies have shown the
importance of other lymph node associated factors such as
the exact number of positive nodes, total number of harvested
nodes in the neck dissection, and the presence of extracapsular
spread (ECS) as determinants of prognosis in oral SCC.[3]
Lymph node ratio (LNR) has emerged not only as a marker
of prognosis[4,5] but as a reliable tool in determining the
extent of cancer spread, extent of clearance, and the need
for adjuvant therapy following surgery for cancers of the
stomach, esophagus, bladder, and colorectum, in addition to
head and neck cancer.[5‑10] The LNR has been successfully
validated as a strong predictor of survival in oral cancer.[4]
However, accurate estimation of LNR depends on the lymph
node yield (LNY) which has been shown to vary depending
on anatomical, surgical, and pathological factors.[4,5,11]
Although previous studies have thoroughly evaluated the
efficacy of LNR and LNY as prognostic markers in oral SCC,
there is a lack of uniformity in these studies with regard to
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specific oral subsite of SCC, TNM stage‑specific distribution
of cases, neck dissection procedure, and standardization
of harvesting lymph nodes from the neck dissection
specimens.[4,5,11,12] To date, there is a lack of specific data
regarding LNY and LNR in advanced GBS‑SCC.
Locally, advanced GBS‑SCC is the most common malignancy
at our center and bite composite resection with comprehensive
neck dissection, and pectoralis major myocutaneous flap
reconstruction has remained as a surgical procedure of choice
for this type of cancer due to the workload, nonavailability
of microvascular expertise, and socioeconomic reasons. Thus,
removal of sternocleidomastoid muscle to facilitate inset of
pectoralis major myocutaneous flap and clearance of level I
to level V cervical lymph nodes is commonly done at our
center for most of the node‑positive necks. This enables us to
assess the LNY in locally advanced GBS‑SCC. The primary
objective of this prospective study was to determine the LNY
in T3/T4 GBS‑SCC. The secondary objectives were to study
the association of LNY with age, tumor thickness, histological
differentiation, number of positive nodes, and ECS.
Materials and Methods
The ethical clearance was obtained, and the patients with
biopsy proven, T3/T4 SCC that have classical extension into
the mandibular GBS as defined by the previous studies[1,2] were
included. These patients were operated at our center between
January 2012 and October 2014 and had undergone en bloc
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composite or bite composite resection, modified comprehensive
neck dissection with clearance of level V to level I neck nodes
as per the decision of tumor board. The modifications in neck
dissection included preservation of the internal jugular vein
and/or spinal accessory nerve whenever it was oncologically
safe. The patients with recurrence, previous therapy, tuberculosis
or chronic inflammatory diseases of head and neck and those
with non‑SCC were excluded from the study.
The clinical details included were demographic characteristics,
clinical extent of the tumor, cTNM (AJCC 2009), findings in
the high‑resolution contrast computed tomography scan, and
comorbidities. The pathological details obtained were pT3 or
pT4 status, histological differentiation, gross tumor thickness,
skin infiltration by the tumor, total number of lymph nodes
harvested per specimen, and number of positive nodes and
nodes with ECS.
The surgical specimens were oriented by the operating surgeon,
and nodal levels were identified as defined by their anatomical
extent. Following dissection of each nodal level, suture ligatures
bearing labels marked with nonwashable ink were tied around
each dissected group of lymph nodes to demarcate the
individual levels. After completion of en bloc dissection, the
specimens were washed in flowing water to remove blood clots
and loose tissues. The individual levels were transected, and
the lymph nodes from each level were harvested by a senior
pathologist. These nodes were transferred to separate labeled
bottles denoting individual nodal level, completely immersed
in 10% of buffered formalin solution.
The grossing of the specimens was performed as per the
modified standard protocol established by the Royal College
of Pathologists, Standards and Datasets for reporting head
and neck cancers (December 2009).[13] The specimens were
sectioned after 48 h of fixation, and all the lymph nodes in
the specimens were processed. The lymph nodes >2 mm
in size were sectioned along the long axis and those
with <2 mm in size, transverse sections were made. Four µm
sections of all the lesional and lymph node sections were
stained by routine eosin and Hematoxylin and Eosin staining.
Methods of statistical analysis

The data were entered in Microsoft Excel sheet and analyzed
using IBM SPSS software (22nd version, IBM Corp., 2013.
Armonk, New York, USA). The difference in LNY in
different groups of clinicopathological variables was analyzed
using Chi‑square test. The P ≤ 0.05 was considered
statistically significant.
Results
The patient and surgical variables studied are mentioned
in Table 1. This study included 106 subjects with T3 and
T4 SCC of mandibular GBS. The mean age of the patients
was 51.95 + 11.72 years and ranged between 22 and
90 years. Overall, 76.41% of the patients were males and
23.58% were females. There were 64.15% (68 patients)
in T4a stage and 35.84% (38 patients) in T 3 stage, with
54.71% (58 patients) showing skin involvement. The mean
tumor size was 4.1 cm × 3.6 cm (14.8 cm 2). Overall,
2329 lymph nodes were harvested from 106 patients that
underwent unilateral neck dissections, and the mean LNY
240

Table 1: Patient and surgical variables
Variables

All patients
n=106, (%)

Age (years)
Range
Mean
Males
Females
Duration* (days)
<15
>15
Side of disease
Right
Left
Premalignant disorders
Absent
Oral submucous fibrosis
Leukoplakia
Erythroplakia
Neck dissection type
Modified neck dissection**
Radical neck dissection
Total positive nodes
SD
Mean
LNY
Mean
SD
Total
LNR
Mean
SD

22-90
51.95
81 (76.41)
25 (23.58)
51 (48.11)
55 (50.14)
59 (55.66)
47 (44.33)
32 (30.18)
50 (47.16)
16 (15.09)
8 (7.54)
87 (82.07)
19 (17.92)
306
29.8
2.89
21.94
5.57
2329
0.0-0.43
0.12
0.122

*Time between the patient’s first visit to the hospital and surgery;
**Preservation of spinal accessory nerve and/or internal jugular vein.
LNY=Lymph node yield; LNR=Lymph node ratio; SD=Standard deviation

was 21.97 ± 5.57. The percentage distribution of LNY at
various nodal levels in the neck is shown in Figure 1.
The pathological variables are shown in Table 2. The mean
tumor thickness was 1.2 cm and in 36.79% of the patients,
the tumor thickness ranged from 0.4 to 0.9 cm whereas in
63.20% of patients, the tumor thickness was over 1 cm.
ECS of the tumor in the lymph nodes was seen in 41.50%
of patients.
In 71.7% of patients, only level I nodes were positive; in
37.74% of patients, level I and level II nodes were positive;
in 29.25% of patients, level I, level II, and level III were
positive; in 16.98% of patients, all the nodal levels from
level I to level IV were positive; whereas, in 9.43% of
patients, all the nodal levels from level I to level V were
positive.
Overall in 106 patients, the total number of patients with
pN+ status was 70.75% (75 patients) whereas the number
of patients with pN0 status were 29.25% (31 patients). The
mean LNR was 0.12.
When Chi‑square test was used to see the association of
clinicopathological variables and LNY, ECS, number of
positive nodes, delay in surgical treatment for more than
Indian Journal of Cancer | April–June 2016 | Volume 53 | Issue 2
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Discussion
When the protocol for grossing the specimen proposed by
the Royal College of Pathologists[13] was followed, the mean
LNY in our patients was 21.94 (range 10–42). Whereas, as
per the Royal College of Pathologists,[13] in the absence of
previous chemotherapy, radiotherapy or neck dissection, and
radical neck dissection yields 20 lymph nodes (range 10–30)
on an average. The range of lymph nodes retrieved in our
study was comparable to that proposed by the Royal College
of Pathologists[13] although the surgical procedure in our
study, in the majority of cases, was modified neck dissection.

Figure 1: Percentage distribution of lymph nodes in the neck in 106 patients
with T3/T4 squamous cell carcinoma of the mandibular gingivobuccal
sulcus. Image modified with permission from Som PM, Curtin HD, Mancuso
AA. An imaging‑based classification for the cervical nodes designed as an
adjunct to recent clinically based nodal classifications. Arch Otolaryngol
Head Neck Surg. 1999 Apr; 125(4):388‑96

Table 2: Pathological variables and their
association with lymph node yield
Variables
Differentiation
Well
Moderate
Poor
Tumor thickness (cm)
0.4-0.9
1.0-1.9
>2.0
Pathological T stage (S)
pT3 cases
pT4 cases
Skin involvement (S)
Present
Absent
Extracapsular spread (S)
Present
Absent
Number of positive nodes (S)
None, pN0
1-4
>5
Delay in treatment (S)
1-15
16-30
OPMD* (S)
Absent (n=32)
OSF* (n=50)
Leukoplakia (n=16)
Leuko erythroplakia (n=8)

All patients
n=106 (%)

Mean LNY

SD

52 (49.05)
47 (44.33)
7 (6.60)

21.33
22.85
20.86

5.88
5.38
3.89

39 (36.79)
48 (45.28)
19 (17.92)

21.84
22.04
20.07

5.52
5.64
5.48

38 (35.84)
68 (64.15)

20.63*
22.72*

4.75
5.88

58 (54.71)
48 (45.28)

24.14**
19.35**

5.75
4.05

44 (41.50)
62 (58.49)

23.68**
20.76**

5.03
5.65

31 (29.24)
48 (45.28)
27 (25.47)

18.45***
23.02***
21.97***

4.38
6.00
5.57

51 (48.11)
55 (51.88)

18.94***
24.78***

3.76
5.52

32 (30.18)
50 (47.16)
16 (15.09)

17.44***
25.56***
18.56

2.74
5.05
3.42

8 (7.54)

24.50

2.97

*P<0.05; **P<0.01; ***P<0.001. OPMD=Oral potentially malignant disorders;
OSF=Oral submucous fibrosis; S=Significant; SD=Standard deviation; LNY=Lymph
node yield

15 days after diagnosis, skin involvement by the tumor, and
presence of oral potentially malignant disorder (OPMD)
were significant factors that contributed to higher LNY
[Tables 1 and 2].
Indian Journal of Cancer | April–June 2016 | Volume 53 | Issue 2

The role of pathologists, surgeons, pathology technicians,
method of handling the surgical specimen and the extent
of training of these specialists have shown to influence the
harvest of lymph nodes from the surgical specimens, thereby
affecting the overall LNY. [14‑16] The surgical technique
is yet another factor contributing to the variability of
LNY.[11,12] Thus, a wide variation exists in the reports on
the LNY and LNR in the current literature. However, in
our study, the lymph node dissection and their retrieval
from surgical specimens were done by the most experienced
single surgeon and single pathologist, to prevent the bias
in most of the studies. Despite specific consensus‑based
definitions of various neck dissection procedures in the
current literature,[17] there is still a possibility of variation
in the neck dissection fields by the surgeons, depending on
the individual judgment, expertise, and decision‑making.
Comparing the LNYs obtained by a uniform, standard neck
dissection procedure among different centers can help in
determining the factors responsible for varied reports.
Nevertheless, on multivariate analysis, a significant variation in
the rate of lymph node metastasis among Asian and non‑Asian
gastric carcinoma patients was found in a study,[18] the literature
is sparse with regard to the contribution of racial and ethnic
factors in the variability of cervical lymph node metastasis in
head and neck cancer. Furthermore, data on the reference range
of cervical lymph nodes, based on cadaveric studies, are derived
from the non‑Asian population,[11] and to date, the literature
is sparse with regard to the reference range of cervical lymph
node counts in Indian population. When compared to the
available western data on the cervical lymph node counts,[11,15]
we had slightly lower counts which could be attributed to
racial factors and possibly low body mass index (BMI) in
our patients, in view of their high alcohol consumption,
smoking, and tobacco chewing habits. The previous studies
have reported low BMI in oral cancers patients, which were
associated with alcohol consumption and tobacco use.[19,20]
The number of locally advanced GBS‑SCC patients with
pN0 status in our study was 29.2% which was lower than
that reported by Walvekar et al.[1] However, the mean LNY
increased significantly with the increase in the number of
positive nodes. The immunological response that has been
shown by the previous studies [21] could have contributed
to the overall increase in the LNY. The ECS of tumor in
the lymph nodes was associated with increase in the LNY.
Although the contribution of ECS in increasing the LNY
in head and neck cancer has not been clearly elucidated, the
association of ECS with increase in the number of positive
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nodes has been shown in patients with breast cancer following
axillary clearance, especially in large‑sized tumors. [22] The
presence of ECS in a lymph node can channelize the passage
of tumor cells into surrounding lymphatic vessels, thereby
increasing the number of positive nodes and overall LNY.
The delay in surgical treatment over 16 days to 30 days after
the diagnosis of oral SCC was associated with an increase in
the mean LNY compared to the patients that were treated
within 15 days of diagnosis. The possibility of disease
progression during the waiting period can be considered
as a leading cause of metastatic lymphadenopathy, although
it was not confirmed in this study by a second imaging to
document a definitive disease progression during waiting
period before surgery, as reported by Waaijer et al.[23]
The age, sex, and tumor differentiation were not significantly
associated with increase in the mean LNY as the distribution
of patients with respect to these factors was not uniform. In
addition to this, the lack of larger sample size was a drawback
of this study. We did not include the BMI as a parameter
that can contribute to the variability of LNY. The mean LNY
was slightly higher in patients with tumor thickness >1 cm,
the differences were not statistically significant, and the
mean LNY remained above 20 in both cases. However,
the involvement of skin by the infiltration of tumor and
patients with locally advanced SCC of lower GBS presenting
with orocutaneous fistula showed a higher LNY. Apart
from the locally advanced primary tumor, the inflammatory
response resulting from secondary infections in a chronic
nonhealing oral ulcer could have triggered the increased LNY.
Furthermore, the role of inflammatory response has been
shown by studies as key feature in the pathogenesis of oral
submucous fibrosis (OSF) that was seen in a majority of our
patients presenting with SCC of mandibular GBS.[24] This
condition is often associated with trismus, poor oral hygiene,
and multiple ulcerations in the oral mucosa. The mean LNY
in these patients was significantly higher than the patients
with SCC of mandibular GBS presenting without a clinical
evidence of OPMD. Thus, the role of inflammatory response
in oral tissues secondary to OSF and its associated conditions
leading to increased mean LNY cannot be ruled out.
Conclusion
In patients with locally advanced SCC of mandibular GBS,
the mean LNY was 21.94. The presence of ECS, positive
nodes for metastasis of SCC, delay in treatment of more
than 15 days following diagnosis of SCC, skin infiltration
by the tumor or presence of orocutaneous fistula and
association of OPMD, especially OSF were significant
factors that contributed to higher LNY. Further studies
with larger sample size, incorporating multivariate statistical
analysis, are required to validate the findings of this study.
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Letter to the Editor
Role of regional catheters for postoperative analgesia
following reconstructive surgeries for breast cancer
Sir,
Reconstructive work following breast onco surgeries is on
the rise as it provides oncological safer resections with
larger margins and immediate esthetic results. [1] These
surgeries include large donor areas from the abdomen.
Hence, postoperative pain management is challenging.[2] We
discuss two such representative cases which were successfully
managed with regional catheters.

and abdominal pannus, regional catheters can be planned
accordingly. With the knowledge of abdominal blocks and
relevant ultrasound anatomy, the choice can range from
subcostal TAP, standard TAP or a combination with RS
block.[3] With promising evidence emerging for the use of
regional catheters for laparotomies,[4] this technique should
be considered a safe, feasible opioid sparing technique for
pain relief following breast reconstructive surgeries with
abdominal donor sites.
Financial support and sponsorship
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A 30‑year‑old, American Society of Anesthesiologists‑I
(ASA‑I), female diagnosed with phyllodes tumor was
planned for radical mastectomy with deep inferior epigastric
perforator flap reconstruction. Intraoperatively, a 16‑gauge
tuohy needle was placed between internal oblique and
transverses abdominus muscle superolateral to the incision,
on either side, using a sterile ultrasound probe‑38x (13–6
MHz) linear array transducer with in plane needle technique.
The transversus abdominus plane (TAP) was confirmed with
hydrodissection and 16‑gauge multiorifice epidural catheter
was threaded around 5 cm in the plane. The patient received
15 cc of 0.25% bupivacaine on either side eight hourly basis
along with round the clock acetaminophen and diclofenac.
No rescue boluses of opioids were needed. Catheters were
removed on day 3. Average pain score at rest 1/10 (10‑worst
pain), at movement ‑ 2/10.
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A 58‑year‑old, ASA I female underwent radical mastectomy
for fungating growth in left breast extending from
infraclavicular region till infra‑mammary crease. The defect
was closed with a right vertical rectus abdominis muscle
flap. Under ultrasound guidance, a subcoastal TAP catheter
was placed on the right side and rectus sheath (RS) catheter
placed on the left side. At the end of surgery and every
eight hourly patient received 20 cc of 0.25% bupivacaine
through the RS catheter and 15 cc through the TAP
catheter along with oral acetaminophen and diclofenac. The
worst pain score recorded at movement was 3/10.

4.

Pain management after reconstructive surgeries is often
opioid‑based. Epidural analgesia causes steal phenomenon
and hypotension causing diversion of blood to normal
tissues away from the denervated flap. [2] In addition,
there are concerns with the concomitant administration of
antiplatelet and anticoagulant drugs. As the site of harvest
for the pedicle flap depends on the extent of resection
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Awareness regarding oral cancer and oral precancerous lesions
among rural population of Belgaum district, India
Roopali Sankeshwari1, Anil Ankola1, Mamata Hebbal1,
Sidramesh Muttagi2 and Nilam Rawal1

Abstract: Belgaum district of Karnataka state is well known for high production and consumption of
tobacco in Southern India. This study aimed to investigate the rural population’s awareness of oral
cancer, precancerous lesions and their risk factors. Data were collected via face to face interviews
using a pretested and validated questionnaire. The questionnaire comprised two parts: part one had
questions concerning socio-demographic data and part two consisted of 25 questions pertaining to
people’s attitudes to and awareness of risk factors for oral cancer and precancerous lesions. One
researcher interviewed participants and recorded the responses verbatim. Of the participants, 17%
identified all the symptoms of oral cancer and 27.8% identified all the symptoms of oral precancerous
lesions. Approximately 90% of the participants had never noticed statutory warnings on tobacco and
alcohol products. Awareness was especially poor in people of lower socio-economic status. This study
highlights a need for education concerning the risk factors for oral cancer, its clinical manifestations and
the impact of adverse habits on long term health. Health education campaigns emphasizing oral cancer
need to be integrated with broader public health messages. (Global Health Promotion, 2016; 23(3):
27–35)
Keywords: oral cancer, awareness, oral precancer, rural population, oral health, risk factors, public
health, tobacco, cancer screening and prevention

Introduction
Oral and pharyngeal cancer is the sixth most
common cancer in the world (1). Recent data on
worldwide incidence of oral cancer suggest that
South-East Asian countries are at high risk of oral
cancer. Being the commonest cancer in men and
third commonest cancer in women, this disease
contributes up to 25% of all new cases of cancer in
India (2,3). The age standardized incidence of oral
cancer is 12.6 per 100,000 of the Indian population.
Cancer in developing countries may be due to
combined effects of an ageing population and
supplemented by the associated risk factors in this
group (4). Although several risk factors have been

suggested for oral cancer, habitual use of tobacco in
various forms and consumption of alcohol have
remained the most significant. Tobacco use can be
considered as the world’s most avoidable cause of
cancer. Long term tobacco consumption in various
forms is associated with oral precancerous lesions,
oral cancer or both. Over one third of tobacco
consumed regionally in South India is smokeless.
Smokeless tobacco users cohort studies of India
pointed at an age adjusted relative risk for premature
mortality of 1.2–1.96 (men) and 1.3 (women) (5).
The stage of the disease in which a patient presents
to the clinician may be an important prognostic
factor. The majority of Indian patients with oral
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cancer present in advanced stages resulting in
guarded prognosis along with need for surgical
intervention, which is associated with high morbidity
and added expenditure. A recent study shows that
early detection and prevention of the disease are of
primordial importance if the incidence of oral cancer
is to be reduced or prognosis is to be improved (6).
Within Karnataka state there are many challenges
regarding tobacco products which range from the
relative ease and unrestricted access to tobacco
products to the rising numbers of 13–15-year-olds
using tobacco products, and these tobacco products
are a risk factor for the development of oral cancer
(7). Of greater alarm is the rising proportion of the
population with oral and pharyngeal cancer (8). Some
researchers suggest that as a whole there has been a
reduction in tobacco smoking and bidi use in India,
but argue that this is offset by the rise in pan and betel
nut use among people of lower socio-economic status,
especially women (9). It has been argued that delay in
presentation with oral cancer is a risk-taking behaviour
(10). Rogers et al. suggest that patient delay in
presenting accounts for late diagnosis, which has a
negative effect on quality of life and survival (11). It
would appear that creating awareness of oral cancer
and its risk factors is an essential prerequisite for
facilitating reduced tobacco consumption habits and
early presentation for diagnosis (12). In order to
facilitate a comprehensive reduction in the use of
tobacco and its products, India ratified the WHO
Framework Convention on Tobacco Control, which
recommends several demand reduction measures and
some supply reduction measures, and its components
are integrated in the National Strategy for Tobacco
Control. Cessation of tobacco use is best promoted
through a strategy which combines such policy
interventions as raising taxes on tobacco products,
advertising bans, health warnings on tobacco
products, mass health education, behavioural
counselling and clinic-based settings, in addition to
pharmacological aids when indicated (13).
Belgaum district of Karnataka state in South India
is one of the highest producers and consumers of
tobacco in the country (14,15). In this study we
intend to evaluate the awareness of the rural
population of Belgaum district about oral cancer
and oral precancerous lesions, and explore whether
gender plays a role in the level of awareness towards
oral cancer and precancerous lesions.

Materials and methods
This was a cross sectional descriptive study
depicting a population with a high prevalence of
tobacco usage and oral cancer. Ethical clearance
was obtained from the Institutional Ethical Review
Board of KLEVK Institute of Dental Sciences,
Belgaum.

Pilot study
A pilot study was conducted among 10
participants belonging to rural areas of Belgaum
district with the objective to determine the feasibility
of the study.
It was conducted in two stages:
1. In the first stage, a questionnaire was prepared in
English and then translated to Kannada and
Marathi (vernacular languages) and was given to
10 participants to check for its comprehension.
The translated questionnaires were retranslated
back to English to assess if they conveyed the same
meaning. Questions were modified wherever
required.
2. After one month the questionnaire was again
given to the same 10 participants to check for its
reliability. Test retest score of 0.80 was obtained
confirming good reliability of the questionnaire.
The questionnaire was assessed for validity.
Mean Content Validity Ratio of 0.87 was
obtained. When Face validity was evaluated
92% of the participants found the questionnaire
to be easy.

Details of the questionnaire
A pretested and validated questionnaire which
was framed by the investigator was used for the
survey. The interviewer administered a questionnaire
consisting of two parts. The first part dealt with
details of socio-demographic variables such as age,
gender, occupation, and education, and the second
part was structured with 25 closed and open-ended
questions related to the extent of awareness
regarding risk factors of oral cancer, precancerous
lesions, source through which people had acquired
this information, their attitude towards oral cancer
and its prevention.
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Sample selection
A multi-stage sampling method was used. In the
first stage, five villages within the radius of 10 km
from Belgaum city were randomly selected out of
100 villages. In the second stage, each village was
divided into four zones: north, east, south and west.
A house-to-house survey was conducted and
continued until a sample of approximately 20
participants was selected in each zone. The same
procedure was repeated for each zone of every
village, until a final sample size of 400 was obtained.
Participants who were aged between 20 to 50 years
and gave verbal consent after the study was
explained to them (because many could not read or
write) were included for the study.

Implementation of the survey
Approval from Village Panchyat Office (head of
the village) was obtained. Time and dates of the study
were finalized. A trained investigator interviewed
study participants in their homes. On reaching the
house, all the family members who met the inclusion
criteria were gathered and the purpose of the study
was explained to them in their own language. One
person was randomly chosen if there were multiple
volunteers in the same house by using the lottery
method. Informed consent was then obtained.
Participants were instructed not to converse or obtain
assistance from others. Details of socio-demographic
profile and respondent’s answers to the structured
questions on oral cancer and oral precancerous
lesions were recorded by the investigator.

Socio-economic status (SES)
Information regarding education, occupation and
family income collected from the questionnaire and
participants were stratified accordingly from Class I
to Class V, using modified family income group of
the Kuppuswamy socio-economic status scale (16).

Method of statistical analysis
Data were entered in Microsoft Excel and analysed
using SPSS (Version 17, Chicago, IL). Qualitative
data were presented as frequency and percentages.
Categorical data were analysed using the chi squared
test for linear trend. A p value of <0.05 was considered

statistically significant with 95% confidence limits.
Karl Pearson’s correlation coefficient test was used
to find the relation between various factors with
knowledge of oral cancer and oral precancerous
lesions.

Results
A total of 400 participants were approached and
none of them declined to participate. Details of
socio-demographic data and their association with
awareness of oral cancer and oral precancerous
lesions are presented in Table 1. Significant difference
was observed between awareness of oral cancer and
socio-economic status (p < 0.05). In addition to this
significant differences were observed for awareness
of oral precancerous lesions with age, education,
socio-economic status and history of habits (p <
0.05), as shown in Table 1. History of adverse habits
was present in 122 (25.5%) participants.
Although 93.5% (374/400) of the participants
had heard of oral cancer, only 17% (68/400) of
them had identified all the six symptoms as those of
oral cancer. Among the symptoms stated, the
majority (35.5%; 141/400) believed a red patch was
the main symptom (Table 2). When asked about
consequences of oral cancer, 85% (340/400) believed
that oral cancer had dangerous consequences (Table
2). Details regarding awareness of the participants
to the symptoms, risk factors and attitude towards
oral precancerous lesions are described in Table 3.

Awareness of risk factors
Most of the participants (90.3%; 361/400)
believed that early detection leads to improved
chances of survival, although poor oral hygiene and
micro nutrient deficiency were not recognized as
risk factors for oral cancer by any of the participants
(Table 4). The fact that keeping the quid at one
place in the mouth overnight increases the chances
of oral cancer was believed by 71.5% (285/400)
participants. That the addition of lime to the
combination of betel leaf and areca nut increased
the risk of oral cancer was believed by 66.3%
(265/400). Health personnel were a potential source
of information on oral cancer for 54.75% (219/400)
of participants (Table 5).
On screen smoking of actors was disliked by
91.5% of participants whereas 90.5% had never
IUHPE – Global Health Promotion Vol. 23, No. 3 2016
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Table 1. Association of awareness of oral cancer and oral precancerous lesions with socio-demographic
characteristics of participants.
Characteristics

Sample

Total subjects
400
Gender
Male
273
Female
127
Age group
20–30
147 (36.8%)
31–40
162 (40.4%)
41–50
83 (20.8%)
> 50
8 (2%)
Religion
Hindu
391 (97.8%)
Muslim
8 (2%)
Christian
1 (0.2%)
Education
Illiterate
35 (8.75%)
Literate
365 (91.25%)
Socio-economic status
Upper class
3 (0.8%)
Upper middle
152 (38%)
Lower middle
114 (28.5%)
Upper lower
126 (31.5%)
Lower
5 (1.3%)
Have habits
Yes
102 (25.5%)
No
298 (74.5%)

n and % aware of p value
oral precancerous
lesions

n and % aware of p value
oral cancer
374 (93.5%)

345 (86.25%)

253 (63.25%)
121 (30.25%)

0.389

237 (59.25%)
108 (27%)

0.369

134 (33.25%)
154 (38.5%)
78 (19.5%)
8 (2%)

0.464

119 (29.75%)
147 (36.75%)
71 (17.75%)
8 (2%)

0.05

365 (91.25%)
8 (2%)
1 (0.2%)

0.726

337 (84.25%)
7 (1.75%)
1 (0.25%)

0.918

31 (7.75%)
343 (85.75%)

0.268

24 (6%)
321 (80.25%)

0.004

3 (0.8%)
146 (36.5%)
111 (27.75%)
110 (27.5%)
4 (1%)

0.007

3 (0.75%)
139 (34.75%)
106 (26.5%)
93 (23.25%)
4 (1%)

0.000

92 (23%)
282 (70.5%)

0.160

79 (19.75%)
266 (66.5%)

0.004

Table 2. Awareness of the participants to the symptoms, risk factors and attitude towards oral cancer.
Questionnaire

Knowledge of oral cancer

Heard the word
Knowledge of symptoms

374 (93.5%)
Red patch – 141 (35%)
White patch – 31 (7.75%)
Non healing ulcer – 96 (24%)
Any growth – 18 (4.5%)
Swelling/lump – 4 (.25%)
Loss of sensation – 7 (1.25%)
All of above – 68 (17%)
None of above – 18 (4.5%)
It could lead to death/deformity – 366 (91.4%)
345 (86.25%)
375 (89.25% )
362 (90.5%)

Consequence
Can be treated
Can be prevented
Early detection leads to
improved chances of survival
IUHPE – Global Health Promotion Vol. 23, No. 3 2016
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Table 3. Awareness of the participants to the symptoms, risk factors and attitude towards oral precancerous
lesions.
Questionnaire

Knowledge of oral precancerous lesions

Heard the word
Knowledge of symptoms

345 (86.3%)
Burning mouth sensation – 57 (14.2%)
Restricted mouth opening – 32 (8%)
Red patch – 150 (37.5%)
White patch – 24 (6%)
All of the above – 111 (27.8%)
None of the above – 26 (6.5%)
It could lead to oral cancer 85%
332 (82.8%)
352 (88%)
360 (90.3%)

Consequence
Can be treated
Can be prevented
Early detection leads to
improved chances of survival

Table 4. Distribution of subjects according to
awareness of risk factors of oral cancer.
Awareness of risk factors
Smoking
Alcohol
Gutkha
Betel quid chewing
Poor oral hygiene
Micro nutrient deficiency

Number of subjects
(percentage)
91 (22.75%)
21 (5.25%)
101 (25.25%)
12 (3%)
–

noticed statutory warnings on tobacco and alcohol
products. Only 11.2% (45/400) said they had been
to a dentist for a check-up. Gender-wise, the
difference in the level of awareness among the rural
population of Belgaum district was analysed using
the chi squared test. There was a significant difference
between male and female participants regarding the
knowledge of symptoms of precancerous lesions (p =
0.003). Also, there was a significant difference in the
belief that oral precancerous lesions are preventable
disorders (p = 0.02).

Discussion
Recent studies (17–20) have shown that chewing
or smoking of tobacco or its products and
consumption of alcohol have been considered as
significant risk factors in the development of
precancerous lesions and oral cancer. This survey

Table 5. Distribution of subjects according to their
source of information for OC and oral precancerous
lesions.
Source of
information

Number of subjects
(percentage)

Health personnel
Newspaper
TV/radio
Family member
Friends
Any other

219 (54.75%)
59 (14.75%)
46 (11.5%)
27 (6.75%)
35 (8.75%)
14 (3.5%)

was planned so as to assess the awareness and
knowledge of the rural population towards oral
cancer and oral precancerous lesions.
Although prognosis of the disease depends
upon various factors, such as stage of the disease,
site involved, presence/absence of risk factors,
lifestyle of an individual, access to health care
facilities, financial status, and so on, a recent
meta-analysis on oral cancer confirms that
diagnostic delay contributes up to 30% worsening
of stage at presentation of the oral cancer (21).
Self-reporting of precancerous lesions and oral
cancer is possible only when people are made
aware of such lesions. According to many recent
reports, prevalence of oral cancer is increasing in
25–50-year-olds (22). Thus the participants
chosen for the present study belonged to the age
group of 25–45±5 years.
IUHPE – Global Health Promotion Vol. 23, No. 3 2016
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Awareness
While 93.5% of the study participants had heard
of oral cancer, 86.5% had heard of oral precancerous
lesions. Awareness of the participants of the present
study is much higher compared to a similar study
conducted in Sri Lanka (23). Most participants were
not aware of the symptoms of oral cancer. Only
17% of the participants could make out all seven
symptoms given in the questionnaire as those of oral
cancer and 27.8% recognized all the given symptoms
as those of oral precancerous lesions. Similar reports
have been published by other authors (15,24). This
finding may be attributed to the low educational
level of the study population. Of the participants,
89% thought that oral cancer and oral precancerous
lesions were dangerous diseases but could be treated.
They were also aware that early detection of these
could lead to improved chances of survival. These
findings provide an insight that the study population
was sensitized to oral cancer and oral precancerous
lesions but lacked knowledge on certain aspects as
to identification of the symptoms. Awareness
regarding oral cancer and precancerous lesions was
statistically low for lower socio-economic status. As
per a meta-analysis (25) lower socio-economic
status could be one of the risk factors for oral cancer.
Lower occupation/social class may reflect exposure
to harmful physical environments and agents which
could increase the risk of oral cancer. While
formulating health education programmes for this
population, inclusion of messages like self-detection
of suspicious lesions, pictorial presentation of
various symptoms of oral cancer and oral
precancerous lesions may improve the overall
impact of the programme. This may also help in
persuading people to seek health care facilities at the
earliest.

Risk factors
Overall there was poor awareness regarding risk
factors and the impact of adverse habits on long
term health. Unlike other studies, none of the
participants in the present study recognized poor
oral hygiene and micro nutrient deficiency as risk
factors for oral cancer (23–26). Tobacco chewing,
smoking and alcohol consumption appear to be the
main reasons for the increasing incidence rates.
Low socio-economic status and a diet low in

nutritional value, lacking vegetables and fruits,
contribute towards the risk. In addition, viral
infections such as human papilloma virus and poor
oral hygiene are important risk factors (27). There
is a need to inform and educate the public in matters
related to recognized risk factors. Although health
hazards of smoking and chewing gutkha
(preparation of crushed areca nut, tobacco, catechu,
paraffin, slaked lime and sweet or savoury
flavourings) were recognized by 27.2% of the
participants in our study, the association between
alcohol consumption or betel quid chewing and
oral cancer were known to only a few. This can be
attributed to the health education campaigns
initiated by the mass media which are responsible
for the increased awareness regarding ill effects of
tobacco in both smoking and smokeless form.
However, these campaigns lack information
regarding the role of alcohol and areca nut in the
initiation and progression of oral cancer and oral
precancerous lesions and hence fail to create
awareness about these factors (28).
Only 3% believed that betel quid chewing may
be a risk factor for oral cancer. Most participants
were not aware of the carcinogenic potential of
areca nut. Recent studies have shown that areca
alkaloids promote a wide variety of diseases from
type 2 diabetes, central obesity to liver cancer (29–
32). Thus the use of areca nut in any form should
be discouraged, either with lime or without lime.
None of the participants in the present study were
aware that diet had any role to play in the
prevention of cancer. Rogers et al. suggest that
poor oral hygiene and diet were risk factors and
this was also suggested by 12% and 19% of
participants, respectively, in that study (33). We
can suggest that diversity in response may be
attributed to various factors such as literacy rate,
socio-economic development, lack of public health
insurance and thus limited access to health care
facilities. The protective role of Vitamin A and
Vitamin E, which are present in green leafy
vegetables and fresh fruits, should be incorporated
into health promotion programmes.

Role of mass media
The majority of participants (55.5%) had received
information regarding oral cancer from health care
personnel, followed by newspapers and television.
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As discussed earlier, mass media are playing a major
role in disseminating information to the public at
large. However, only tobacco in various forms has
been depicted as a carcinogen. On-screen smoking
by actors was disliked by many. This is a piece of
positive feedback obtained from participants.

Warning on tobacco products
Only 9.5% of the participants had noticed
warnings on tobacco and alcohol products. This
may be due to the lower literacy level coupled with
the fact that warnings on tobacco products are so
small that they are negligible. The results of a cross
sectional survey conducted in five states of India
revealed that the pictorial warnings displayed on the
tobacco products were inadequate in conveying the
adverse outcomes of tobacco on health and hence
failed to discourage the users from consuming
tobacco products, especially people with lower
literacy rates (34).

Use of dental health care facility
In the present study only 13% of the participants
had attended a dental practitioner. The villages had
the benefit of a mobile dental clinic provided by
KLEVK Institute of Dental Sciences Belgaum. In
spite of the fact that dental health care facilities were
being delivered to their doorstep, people were
reluctant to use them. Fear, ignorance and cost may
be some of the barriers which prevented people from
accessing services. Changing the attitude of
individuals cannot be achieved by health education
alone, but a thorough understanding of various
barriers and the alternative strategies to overcome
these barriers could be beneficial in achieving mass
behavioural change. Among all the behaviour change
models, Prochaska and Velicer’s ‘Transthoretical
model of health behaviour change’ could be
considered. This model assesses an individual’s
readiness to act on a new healthier behaviour and
provides strategies, or processes of change to guide
the individual through various stages from behaviour
change to action and maintenance (35).
A comparison of males and females revealed that
females had lesser knowledge than males regarding
symptoms of oral precancerous lesions and to the fact
that these could be prevented. Since the study was
done in a rural setting, we can suggest that females

had comparatively limited access to information and
education.

Limitations
The questionnaire was devised by clinicians, so it
was from their perspective rather than that of
participants. The questionnaire was also translated
into regional languages. Both these facts might have
introduced some bias in the study, the extent of
which remains undetermined. Variations in the
wordings and response formats can alter the results.
In all the questions asked, respondents only had to
pick the response and this may have led to over
estimation of awareness regarding oral cancer and
oral precancerous lesions. Future studies can be
planned with a qualitative study design to overcome
most of these limitations.

Conclusion
The result of this study, in addition to showing
poor awareness of OC and precancerous lesions,
also showed that gender and socio-economic status
were important factors influencing the association
between all three. This study provides benchmark
findings against which changes in attitude and
awareness towards oral cancer can be measured.
Awareness of oral cancer and oral precancerous
lesions was particularly poor in the rural population
of Belgaum district in several aspects such as early
signs, symptoms and risk factors.

Recommendations
Health education campaigns particularly
emphasizing oral cancer must be integrated with
wider health messages. Oral cancer awareness
programmes, along with oral cancer screening for
high risk groups should be considered. Use of the
salutogenic model of health promotion (36) along
with a regulatory approach may help in raising
awareness regarding oral cancer and decreasing its
morbidity and mortality.
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Feeding Bottle for a Cleft
Palate Infant
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ABSTRACT
Cleft lip and cleft palate are one of the most common craniofacial anomalies. Infants suffer a lot of difficulty in sucking during the initial
few days after birth. There is even psychological stress to the parents due to improper feeding and the infants lose weight and are prone
to nutritional insufficiency. Due to recent advancement in the medical field, there is a total repair of cleft lip and cleft palate and these
procedures are performed in the later stages of infants. It is the multidisciplinary approach which includes pedodontist, oral surgeon,
prosthodontist and speech therapist. In this article, the technique is highlighted to fulfill the feeding problem of infants in the early stages
of birth with a modified feeding bottle.

Keywords: Cleft formation, common congenital, Nutrition

Introduction
Cleft lip and palate, are the most common congenital deformities
of the orofacial region. Cleft palate is the split or opening in the
floor of the mouth. During the growth of the fetus, different parts
of the face develop separately and then fuse together. If there is
any disturbance in the normal fusion, then there is cleft formation.
Girls are affected most commonly by cleft palate without cleft lip
than boys [1-3]. The cleft palate main problem is feeding, which is
utmost essential in the early stages of the infants to provide better
nutrition which is necessary for the growth and development [4,5].
But due to the separation of palatal area, there is the improper
position of breast nipple for compression and no adequate
negative intraoral pressure for suction on a bottle nipple which will
result in insufficient feeding and nutrition [6,7].
In infants with cleft palate, surgery and orthodontist treatment
comes in the later stages of life.so in this article modified feeding
technique is used in the early stages of the infants to provide
adequate nutrition through feeding.

Technique
1. A commercially available feeding bottle of 125ml is taken [Table/
Fig-1].
2. A plastic flexible tablespoon of appropriate size is taken and
extension of spoon in the palatal area is checked.
3. A trough is made in the screw threaded cap, neck part of the
spoon handle is fitted completely [Table/Fig-2,3].
4. The fit of the spoon handle is checked and bowl part of the
spoon should cover the cleft palate area without creating any gap
between the palate and bowl back of spoon.

5. Once the fit is confirmed the neck part of the spoon handle is
secured into the trough with the use of cyanoacrylate material.
6. The screw thread cap and nipple, spoon is assembled back into
the body of the bottle and sterilized [Table/Fig-4].

Discussion
In the year 2014, the rate of incidence of cleft lip and palate is 1.5
per 1000 live births worldwide [1]. The main goal of managing cleft
palate infants is maintaining a proper nutrition and a proper feeding
technique for growth and development of infant and preparing
the baby for corrective surgery. The infants feed through two
methods by sucking that is drawing the milk and swallowing from
oropharynx to stomach [2-5]. It is observed that babies use different
techniques to suck the milk from a bottle and from the breasts.
During regular breast feeding, infant uses tongue to suck the milk
from a nipple by a negative pressure and in bottle feeding infant
use gums and very offenly use tongue and palate to position the
nipple and create sufficient negative pressure to suck the milk [4-6].
Cleft palate infant experience a difficulty in regular breastfeeding,
because of improper seal of palates and sufficient sucking suction
to pull the milk from a nipple and infant experience problems such
as excessive air intake, nasal regurgitation, inadequate milk intake,
weight lose, longer duration to feed due to improper feeding and
proper guidance, support can lead to maternal stress, anxiety
and poor mother and infant bonding [6-10]. A variety of artificial
nipples with regular large base and long shaft, soft nipple with an
enlarged outlet, large nipple base, compressible bottles and cup
feeding are available [11-14]. In the article modified feeding bottle
was constructed, it restores the oral and nasal separation during
feeding and provide sufficient negative pressure, it prevented the
entry of the tongue into the cleft, helps to maintain the nutrition,

[Table/Fig-1]: Feeding bottle with screw threaded cap, spoon and nipple [Table/Fig-2]: A trough made in the screw threaded cap [Table/Fig-3]: Neck part of the spoon handle is fitted completely
[Table/Fig-4]: The screw thread cap with nipple and spoon
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easy to construct and smooth surface without any irritation to
palatal area. This modified feeding bottle has many advantages
such as it can be customized, economical and easily accessible
and is useful in the initial period of infant birth.
The most of the problems due to the cleft palate in neonate are
solved by modified feeding bottle such as1. Helps to provide proper nutrition required in initial stages of
infant development.
2. Helps in promoting neonatal weight gain which is required
before corrective surgery.
3. Reduces the parental stress and anxiety.

Conclusion
Children with orofacial clefts often require early intervention
and education in a co-ordinated manner throughout childhood
and adolescence which helps to improve proper growth and
development and helps to lead a healthy life.
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ABSTRACT
Oral lichen planus (OLP) is a chronic inflammatory mucosal disease that is
usually detected in 0.5–2.2% of the human population. Among these, only
0.5–2.9% of the lesions progress to carcinoma. However, there are no prognostic
markers available presently to recognize the increased risk in malignant
transformation of the lesions. Selected markers for cell proliferation, adhesion,
apoptosis and lymphocytic infiltration were analyzed by immunohistochemistry
in addition to static cytometry for DNA content. The concept linking OLP and
oral squamous cell carcinoma states that chronic inflammation results in crucial
DNA damage, which further progresses to development of carcinoma. Even
though in the past decade, enormous information has been accumulated on
malignant potential of OLP, its transformation still remains unclear. Hence,
the purpose of this article was to review cellular and molecular markers to
understand the pathogenesis of OLP and its progression toward malignancy.
Key words: Desmocollin‑1, DNA content, E‑cadherin, Ki‑67, oral lichen
planus
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INTRODUCTION
The oral cavity is lined by a mucous membrane that forms
a barrier between the environment and the body. The oral
mucosa is classified into keratinized and nonkeratinized
oral mucosa. Oral mucosa consists of two distinct layers:
stratified squamous epithelium and connective tissue termed
lamina propria. The lamina propria is a fibrous connective
tissue layer that consists of fibroblasts which are responsible
for the production of the fibers as well as the extracellular
matrix. Submucosa is a deep, dense layer of the lamina propria
which contains a layer of loose fatty or glandular connective
tissue containing the major blood vessels and nerves. This
tissue separates the oral mucosa from the underlying bone or
muscle.[1,2]
Oral lichen planus (OLP) is a chronic inflammatory disease
of oral mucosa. The World Health Organization (WHO) has
Access this article online
Quick Response Code:

Website:

defined OLP as a potentially malignant disorder, representing
a generalized state associated with a significantly increased
risk of cancer.[3,4]
OLP is the most common noninfectious oral mucosal disease
in adult patients referred to oral pathology clinics.[5] It affects
0.5–2.2% of the population and is more often seen in women
than men.[6,7] Even though the typical age of presentation
is 30–60 years, it is usually spotted in middle‑aged women
and younger‑aged men. In children, OLP is uncommon and
it usually appears together with cutaneous disease.[8] Only
17% of the affected patients recover totally from OLP,[6] but
remission in 39% of the OLP lesions has also been reported.[9]
Patients with OLP may develop extra OLP lesions that
affect the skin or other mucosal sites. About 15% of patients
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with OLP have or will develop cutaneous lesions. The most
frequent site of the lesions is the flexor surface of the forearm,
but they also commonly appear on the legs, back and chest.
Cutaneous lesions present as erythematosus to violaceous,
flat‑topped, polygonal papules that are covered by a network
of fine lines (Wickham’s striae) and they are seen typically
within several months after the appearance of oral lesions.[10]
The main symptom of cutaneous LP is itching and patients
complain of pruritus. LP is also seen on the scalp as lichen
planopilaris which results in scarring alopecia[11] and also
rarely affects the nails.[12]
OLP, in association with genital lesions, is known as
vulvovaginal gingival syndrome and was first described
by Pelisse.[13] It affects 20% of the women with OLP and
patients with genital lesions are always identified with
gingival lesions.[14,15] Vaginal lesions are mainly of an erosive
type, presenting with burning, pain, vaginal discharge and
dyspareunia although asymptomatic reticular lesions are seen.
Esophageal LP has been described in OLP patients and it is
obviously much more common than what has been reported
because of its asymptomatic nature.[10]
The histology of OLP is characterized by a band‑like
lymphocytic infiltrate in juxta‑epithelial lamina propria. In
addition, there is hyperkeratinization, acanthosis, liquefaction
degeneration of the basal cells, colloid bodies, saw‑tooth
appearance of rete pegs and distribution of the epithelial
basement membrane (BM). Despite these well‑characterized
histological features of OLP, inter‑ and intra‑observer
reproducibility to diagnose OLP are modest, however. The
etiology of OLP is still unknown. Cell‑mediated mechanisms
are involved in the initiation and progression of the disease.
Further, localized autoimmunity has been suggested as playing
a role in the pathogenesis of OLP. As there is no known
causative factor for OLP, its cure remains unspecific. Despite
the WHO definition of OLP as a precancerous condition, the
premalignant potential of OLP is still debatable. Malignant
transformation has been estimated to occur in 0.5-2.9% of
the OLP patients. Currently, there are no prognostic markers
to identify which chronic OLP lesions are at a higher risk for
progression. Thus, every OLP patient should be monitored
carefully to detect early cancer development. To understand
the etiopathogenesis of OLP, it is important to recognize the
key molecules in it.
Molecular markers offer the possibility to identify patients with
potentially malignant lesions which are in progression toward
cancer before malignant cells are detectable histologically, at
the primary site.[16] Numerous potential markers have been
identified and their associations with early detection, progression
and prognosis of oral squamous cell carcinoma (OSCC) have
also been discussed. Tumor markers can be allocated in four
groups according to their function: (1) Enhancement of tumor
growth: cell cycle accelerations and proliferations, (2) tumor
suppression and antitumor defense: immune responses and
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apoptosis, (3) angiogenesis, (4) tumor invasion and metastatic
potential: Adhesion molecules and matrix degradations.[17]
Currently, there are no specific markers to identify the risk
lesions from stable disease. The general purpose of this review
was to identify certain molecular markers to understand the
molecular mechanism involved in etiopathogenesis of OLP and
to predict the progression of the lesion toward malignancy.
MATERIALS AND METHODS
A literature search was conducted with keywords such
as oral lichen planus, DNA content, Ki‑67, E‑cadherin,
desmocollin‑1 and cluster of differentiation for peer reviewed
articles published in English for OLP from January 1, 1900 to
June 30, 2011 in Medline (PubMed), Ovid, Cochrane search
and Google Scholar. Articles retrieved from the electronic
search were manually searched for relative references and
cross references. The available articles were then reviewed
and assessed for suitability for the stated purpose.
Cell cycle markers
Abnormal nuclear DNA content (aneuploidy) is an indicator of
chromosomal aberrations and is associated with malignant and
premalignant lesions.[18] In oral precancer studies, DNA index
measurement is thought to be more suitable for risk assessment
of an identified precancerous field and of less value in early
diagnoses despite the higher analytical sensitivity.[19] Aneuploid
dysplastic lesions are shown to develop SCC in a shorter
period than diploid; thus, measurement of DNA index might
be valuable to determine the time to cancer progression.[20]
Based on the studies, 2.5c exceeding rate (ER) and the
proliferation index of DNA content are shown to be useful
parameters in predicting malignant transformation.[21,22]
With more strict criteria defined by Auer et al., aneuploidy
is classified as 2.5cER more than 35% and 5cER valued
over 0%.[23] These results are compatible with the figures on
potential risk of cancer development in OLP (0.46.25%).[24] In
nuclear DNA content studies, many cellular parameters can be
detected with static cytometry analysis. Former studies showed
that in prostate and cervical carcinomas, the G2/M phase is a
strong prognostic marker in cancer development.[25,26]
A few additional reports exist on epithelial DNA content
measurements including OLP biopsies and cytology.[27‑30]
The results are conflicting and DNA content varies from
diploid to aneuploid DNA content in OLP. The most important
difference among these studies seems to be the method
used in DNA content measurement. In certain studies, cell
separation technique was used for the image cytometry
measurement.[27‑31] In another study, exfoliative cytology
samples from OLP lesions were used.[28] In static cytometry,
both the morphology and exact location of the measured cells
can be assessed simultaneously. Another distinct difference is
that most of the authors used the reticular form of OLP which
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is the most unlikely form for malignant transformation.[32,33]
However, there is one previous study where few erosive OLP
lesions were classified as aneuploid; hence aneuploid changes
and DNA cytometry can be suitable screening methods for
OLP to detect the high‑risk lesions.[27,34]
Role of p53
Cell cycle arrest helps in maintaining tissue integrity and
facilitating DNA repair mechanisms; however, at the
same time, entry into senescence could favor malignant
transformation. Inactivation of p53 is a frequent phenomenon
in OSCC. This is caused by mutations, presence of HPV virus
and other molecular alteration occurring in the p53 pathway.
As p53 expression has been identified as a response to
DNA damage, the identification of p53 in OLP tissue is
interpreted as an indication of precancerous potential by
some researchers.[28] In support to this concept, Chaiyarit et al.
showed an inducible nitric oxide synthase‑dependent DNA
damage and p53‑elevated expression in OLP patients. Another
concept is that the high expression of p53 in OLP is a result of
the higher cellular proliferation. To prove that p53 expression
in OLP is not just a result of the inflammatory process, Safadi
et al. compared the immunohistochemical expression of p53
and its downstream effector p21WAF1 between OLP and
other inflammatory oral conditions and found significantly
higher expression in OLP.[29,30]
Cell proliferation markers
The previous studies showed that topo IIα is a confidential
marker of cell proliferation in breast and vulva tumors and
also in head and neck precancerous and cancerous lesions.[35‑38]
Studies on oral mucosa indicate that topo IIα expression
has increased as the disease progressed from intraepithelial
dysplasia to SCC. Similarly, an increased expression has been
found in well or moderately differentiated SCC than in highly
differentiated SCC.[36‑38]
In the previous studies, topo IIα is considered a better
proliferation marker than Ki‑67. This is stated by its shorter
expression time during the cell cycle and thus giving a better
estimation of the number of actively cycling cells than
Ki‑67 does.[39] Differences in expression of Ki‑67 and topo
IIα can also be explained by repairing or apoptotic role of
topo IIα. During cell proliferation, topo IIα not only repairs
DNA damage but also plays a role in apoptosis by inducing
apoptotic cell death.[40,41] The susceptibility of topo IIα to
trigger apoptosis is found to be independent of the enzyme’s
DNA cleavage activity but yet required nuclear localization of
topo IIα. Consequently, inappropriate expression of topo IIα
confuses the temporal order of events that topo IIα mediates
during cell division.[40] Hence, failure in DNA repair due to
increased expression of topo IIα might be one key event
leading to apoptosis of basal and parabasal cells. It is also
shown that protein kinase C delta, which has an essential role
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in the genotoxic stress response, activates topo IIα to induce
apoptotic cell death in response to DNA damage.[41] Thus,
based on these findings, it might be that increased expression
of topo IIα in OLP is a marker for not only proliferation but
also for unsuccessful DNA repair which finally will result in
apoptosis. Ki‑67 accumulates during the S‑phase and it rapidly
disappears from postmitotic cells.[42] The rapid disappearance
and short half‑life of Ki‑67 during the G2/M phase could be
some explanations for the negativestaining pattern of Ki‑67.
As a cell proliferation marker, however, studies on Ki‑67
were in line with previous studies showing greater increased
proliferation in OLP than in normal oral mucosa.[43,44]
Ruutu et al. previously showed that increased mRNA levels
of cdk‑1 and Rad‑51 in cell lines established from oral
cancers originally developed from OLP with microarray
analysis.[45] In tumor cells, overexpression of Rad‑51 may
protect the altered cells from apoptosis by increasing the
resistance to DNA damage.[46] In addition, elevated levels of
Rad‑51 provide chromosomal instability, which is associated
with tumor progression. Moreover, deregulation of cdk‑1
phosphatase activity is one of the common events in cancer
and is associated with a poor prognosis. Inactivation of cdk‑1
is also shown to increase the level of apoptosis.[47]
Intensified expression of proliferative antigens such as
proliferating cell nuclear antigen and Ki‑67 can be found in
numerous malignant and premalignant lesions. Diffuse and
continuous reactions were observed in parabasal and basal
layer cells of epithelium and spinous cell layer showed mostly
focal positive reaction. The reaction was intense in lymphatic
infiltrate of lamina propria and highly intense in stromal
macrophages.
Ki‑67 immunohistochemically showed discontinued mosaic
type reaction in basal layer cells of epithelium and was
negative in other epithelium layers such as oral leukoplakia.
Further reaction was positive in lamina propria with diffusely
thick lymphoid infiltrate.[48]
Cell adhesion molecules
Oral epithelia have a disposition to transmit the expression
type and pattern of several adhesion‑related gene products
during cancer development. In malignant transformation,
interactions with neighboring cells and extracellular
cytoskeleton are altered. Normal nonkeratinized oral epithelia
do express CK‑19; however, in the normal keratinized
addition and hyperplastic proliferation of keratinizing oral
mucosa, no CK‑19 expression is found in any cell layer.[49]
The detection of CK‑19 expression in OLPs located on the
tongue is suggested as high‑risk lesions by others.[49,50]
E‑cadherin is expressed in normal oral mucosa but the
expression is lost in oral SCC.[51] However, there was
no relation to E‑cadherin expression and malignant
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transformation or other histological parameters or localization
of OLP lesions. Bánkfalvi et al. showed that in the early stages
of oral carcinogenesis, there is a general transient increase
of E‑cadherin expression, which finally turns into a loss of
expression as the tumor acquires an invasive phenotype with
significantly shortened survival.[52] Thus, E‑cadherin might
inhibit the epidermal growth factor receptor to enhance
the progression of oral cancer. Other studies showed focal
loss of E‑cadherin expression in the epithelium of OLP,
but the downregulation could not be related to malignant
transformation.[33,53]
In keratinized normal oral mucosa, the level of desmocollin‑1 is
low which could reflect weakened adhesion in the epithelium.
It is speculated that this allows oral keratinocytes to undergo a
faster transition through the living layers of the epithelium.[54]
Thus, the degree of keratinization as such cannot explain the
desmocollin‑1 expression.
Apoptotic markers
Apoptosis of basal keratinocytes, caused by the activity of
cytotoxic T‑cells, could be a possible explanation for one of
the histopathologic hallmarks of OLP that is the vacuolar
degeneration of basal membrane. This is also supported by
several molecular studies demonstrating the presence of
apoptotic signals in OLP.[5]
An increased rate of apoptosis in the epithelium in OLP as
compared to normal mucosa is shown in previous studies, but
a wide variation of apoptotic cells in different OLP lesions
exists.[55,56]
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formation and release. Thus, caspase‑12 plays a role in
decreasing the macrophage‑elicited Th‑1 and Th‑2 cytokine
responses.[60] These findings may suggest that caspase‑12 not
only has a role in apoptosis, it might also have an important
part in inflammatory process in OLP lesions.
Downstream cascade, caspase‑3 expression in OLP has been
studied previously.[61,62] Caspase‑3 cleavage activation means
no returning of cell death. As most of the caspase‑3 expressing
cells are located in the basal cell area of epithelium, wherein
also the cell proliferation occurs, it may be assumed that
dividing cells could be focused for elimination in OLP. Despite
this, no correlation with apoptosis and cell proliferation in
OLP has been reported earlier as Bcl‑2 and Bax were used as
apoptosis marker and MIB‑1 as proliferation marker.[56]
Lymphocytic markers (CD5, CD20, CD27 and CD38)
Autoimmune disease has been defined as a clinical syndrome
caused by the activation of T‑cells or B‑cells, or both, in
the absence of an ongoing infection or other discernible
cause.[63,64] Evidence of autoimmunity in OLP has been
described indicating the simultaneous occurrence of a known
autoimmune disease such as systemic lupus erythematosus
(SLE), primary biliary cirrhosis, Sjögren’s syndrome and OLP
in the same incident. Thus, it could be hypothesized that at
least, a part of the OLP lesions may be related to autoimmunity.
In addition, one of the possible contributions of autoreactivity
to OLP has been provided by studies of CD4 + helper‑induced
T‑cell subset in the peripheral blood and lesions of patients
affected with OLP.[65,66]

There are no earlier reports on caspase cascade pathways of
apoptosis in OLP. Caspase‑2 activation by cytotoxic stress,
such as DNA damage, is required for the permeabilization of
mitochondria, which, release proteins that promote cell death.[57]
Caspase‑2 is also required in cell death receptor‑mediated
apoptosis by contributing to caspase‑8 activation.[58]

Likewise, the CD38+ expression in B‑cells is evidently
connected with autoimmune diseases, such as type II diabetes
mellitus, systemic lupus erythematosus (SLE) and Sjögren’s
syndrome.[66,67] In intestinal mucosa, CD38+ targets at the
mucosal addressin cell adhesion molecule‑1 (Mad/CAM‑1),
but oral mucosa and tonsils lack this expression.[66] Thus, the
target of CD38+ in oral mucosa is also still unknown.

Like caspase‑2, caspase‑12 activation is linked to ER stress,
resulting in increased cell death by intrinsic apoptotic
pathway. It has been reported that caspase‑12 is one of the
microsomal components required in ER stress‑induced
apoptosis independent from mitochondria‑dependent
apoptosis activation.[59] With other ER stress‑induced
molecules, caspase‑12 is needed to activate caspase‑9 during
the process. In OLP lesions, high expression of caspase‑12
may implicate intracellular disorders occurring in ER such
as protein synthesis and Ca2+ homeostasis. Furthermore,
caspase‑12 is a member of the inflammatory caspase family
which is an essential protease for processing and maturation
of the inflammatory cytokines, such as interleukin 1 (IL‑1)
and IL‑18. Caspase‑12 appears to inhibit caspase‑1, another
member of the inflammatory caspase family, resulting in
the reduction of proinflammatory mediators IL‑1 and IL‑18

CD20 expression is detected in different stages of B‑cell
maturation from pre‑Bcells to immature and mature cells as
well as in activated B‑cells but not in plasma cells.[68] Although
the exact function of the CD20 gene is not clear, it has been
the target gene in therapy of B‑cell lymphomas and some
autoimmune disorders such as rheumatoid arthritis.[69,70] By
immunohistochemistry, the activation or immature stage of
the B‑cells cannot be assessed. Instead, B‑cell activating
factor (BAFF) appears as a critical factor controlling B‑cell
homeostasis in survival and maturation, but it does not affect
proliferation.[71] In BAFF transgenic mice, it has been shown
that CD27+ B‑cells translocate from serum to cutaneous
tissue and exocrine glands, causing similar changes as found
in certain autoimmune diseases, such as rheumatoid arthritis,
SLE and Sjögren’s syndrome.[72,67] Thus, the finding of CD20+
and CD27+ expressions in OLP lesions may propose the
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autoimmune nature of OLP. So far, the expression of BAFF
in OLP has not been assessed.
CD5 molecule has been implicated in the proliferative
response of activated T‑cells and in T‑cell helper function.
It has been pointed out that autoimmune disorders
may result from the disruption of inhibitory receptors,
particularly in their conserved intracellular immunoreceptor
tyrosine‑based inhibitory motifs (ITIMs) which are sites for
alternative phosphorylation, typically by a Src kinase and
dephosphorylation, either by tyrosine phosphatase SHP1 or
inositol phosphatase SHIP, transducing signals to distinct
pathways.[73] Furthermore, it has been noted that CD5 has
an ITIM that interacts with SHP1 and opposes activation
mediated by the B cell receptor. Spour et al. have detected that
CD3+CD5‑cells represent a discrete small subset of mature T
lymphocytes which are cytotoxic in nature.[74]
Heat shock proteins
In the mammalian species, the heat shock protein (HSP)
family consists of mitochondrial (mt‑HSP‑60) and cytosolic
HSP 60. HSP 70 family includes constitutive cytosolic HSP70,
stress induced cytosolic HSP‑70, endoplasmic reticulum Bip
(Grp‑78) and mitochondrial (mtHSP70).[5] Cellular expression
of this antigen may take place under varied conditions
as also seen in LP. Both HSP‑60 and HSP70 induces the
release of cytokines from the lymphocytes and contribute
to the pathogenesis of autoimmune disease and chronic
inflammation.[75]
Sugerman et al. drew comparisons in HSP staining among
OLP, dysplastic OLP, normal oral mucosa and nonspecific oral
ulceration. They noted a full thickness expression of HSP in
94% of their OLP cases.

Matrix metalloproteinases
The role of matrix metalloproteinases (MMPs) in OLP was
initially associated with apoptosis of epithelial cells and grade
of inflammation. Basement membrane damage and T‑cell
migration in OLP may be mediated by MMPs. Transforming
growth factor beta (TGF‑β) and bone morphogenic protein‑4
were suggested as promoting signals for the upregulation of
the MMPs. Chen et al. studied MMPs, TIMPs and TGF‑β
in OSCC that developed from the previous OLP and found
constant expression with levels comparable to those detected
in atrophic OLP, which is the form of OLP reported to have the
higher malignant potential. They concluded that their findings
are suggestive of the role MMPs have in the malignant
transformation in OLP.[77]
SUMMARY
It can be concluded that several molecular alterations
implicating pre‑neoplastic changes are detectable in OLP.
Of all markers included in the present review, desmocollin‑1
expression increased the risk of dysplasia and cancer. Hence, it
was the only independent predictor of the substitute endpoint
of oral cancer emerging from OLP while E‑cadherin loss may
play roles in different aspects of the pathogenesis of OLP
including apoptosis of basal keratinocytes and migration of
T‑cells into the epithelial compartment. However, further
research should be done on finding markers that delimit the
patients at risk of OSCC progression. Thus, it is recommended
that all OLP patients should be kept under regular observation
which can help in early diagnosis and thus treatment.
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ABSTRACT
Introduction: It has been reported that protein containing
solutions can accelerate the release of elements from the base
metal alloys.
Aim: This study aims to determine whether the solution in which an
alloy is submerged and the exposure time have any effect on the
amount of release of elements from the Ni-Cr and Co-Cr alloys.
Material and Methods: A total of 126 specimens were made from
the Ni-Cr alloy and 42 specimens were made from Co‑Cr alloy in
the form of 5mm diameter discs, 2mm in thickness. Dissolution
experiments were carried out in Bovine Serum Albumin (BSA)
and artificial saliva for a period of seven weeks and atomic
absorption spectrophotometer was used for elemental analysis.

test was done to compare the release at different time intervals
and to compare the release of elements at different time
intervals within a particular solution. TUKEY HSD test was done
for comparison between the elements in a particular solution.
Results: The results showed that the elemental release was
seen in both the solutions with a significant increase of release
in BSA. The release of elements from the Ni-Cr alloy showed the
predominant release of Cr.
Conclusion: The protein containing solution showed maximum
release of elements from Ni-Cr and Co-Cr alloys. The elements
that released from the alloys never reached their threshold for
toxic effects. Hence these alloys can be safely used in fabrication
of metal restorations without any ill effects.

Statistical Analysis: T-test was done to correlate the difference
of elemental release from both BSA and artificial saliva. ANOVA

Keywords: Biocompatibility, Bovine Serum Albumin, Corrosion, Co-Cr alloys, Ni-Cr alloys

Introduction
Dental casting alloys with high and low noble metal contents are
widely used in dentistry in various prosthetic restorations like
crowns and bridges, porcelain-metal restorations and partialdenture framework. Since the introduction of base metal alloys,
Both Ni-Cr and Co-Cr formulations have become increasingly
used as compared with conventional noble metal alloys [1].
One of the most important requirements of dental casting alloys
is that they should be biocompatible i.e., they should have the
ability to withstand the oral fluids and should not release any
harmful products into the oral environment. Identification and
quantification of the released elements is the most relevant
measure of biocompatibility. Systemic and local toxicity, allergy,
and mutagenecity all result from elements in the alloy being
released during corrosion [1]. The release of elements from dental
casting alloys is directly related to adverse biological effects [1,2].
Noble metal alloys are considered to be ideal for dental prosthesis,
as they are corrosion resistant and biocompatible [2]. The base
metal alloys have superior mechanical properties when compared
to noble or high-noble alloys but, these base metal alloys have
disadvantages such as high corrosion in acidic environment,
difficult to finish and polish, allergic reaction and difficult to solder
and cast [3].
The amount of corrosion is directly related to alloy composition,
manipulation, pH of the environment, surface roughness and other
factors [4-7].
It has been reported that protein containing solutions can accelerate
the release of alloys from the base metal alloys [6]. Few evidence
supports concerns of casting alloys which cause systemic toxicity,
this study aims to determine the influence of solution in which an
alloy is submerged and the exposure time on the amount of Ni, Cr
Journal of Clinical and Diagnostic Research. 2016 Jan, Vol-10(1): ZC23-ZC27

& Mo ions released from the Ni-Cr alloys and Co from the Co-Cr
alloys [Table/Fig-1].
Ni Cr alloy (Wiron 99).
Co Cr alloy (Wironium).
Phosphate bonded investment (Ballasum, Bego).
Pattern Wax.
Artificial Saliva.
Bovine Serum Albumin (BSA).
[Table/Fig-1]: Materials used.
Ni

65

Cr

22.5

Mo

9.5

Nb

1

Si

1

Fe

0.5

Ce

0.5

C

max. 0.02

[Table/Fig-2]: Composition of Wiron 99 (BEGO Ltd., Germany) in % by weight.
Co

63

Cr

29.53

Mo

5

Si

1

Mn

0.5

Fe

0.5

N

0.3

C

0.17

[Table/Fig-3]: Composition of Wironium (BEGO Ltd., Germany) in % by weight.
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Results

Preparation of samples
Specimens of each casting alloy nickel–chromium alloys [Table/
Fig-2] (Wiron 99) and cobalt chromium alloys [Table/Fig-3]
(Wirobond C) were prepared in the form of circular discs of 5mm
diameter and 2 mm thickness. The wax patterns were invested
in a phosphate bonded investment material (Ballasum, Bego).
The mixing procedures and burnout schedules (nickel–chromium,
cobalt chromium alloys: 900°C) were followed according to the
manufacturer’s instructions. Then, the wax patterns were cast
using a centrifugal casting unit using both the alloys. A total of
126 specimens were made from the Ni-Cr alloy and 42 specimens
were made from Co-Cr alloy for immersion into different solutions.
After casting, the specimens were divested and air-abraded with
50µ Al2O3 to remove the investment material. The specimens were
ultrasonically cleaned.

[Table/Fig-4] T-test. Comparison of release of elements in two
solutions.
There was no significant difference in release of nickle in both the
solutions.
Chromium release was seen at all time intervals. There was no
significant difference of release in both the solutions on day 1
where as there was statistically very highly significant increased
amount of release in BSA solution at the end of week four and
week seven. Molybdenum release was seen at all time intervals.
There was no significant difference of release in both the solutions
on day 1 where as there was statistically significant difference of
release at the end of week four and week seven.

Immersion of Samples into Artificial Saliva and Bovine
Serum Albumin
Immersion solutions were artificial saliva and 3% BSA. Both of
the specimens were prepared in the laboratory. Artificial Saliva
did not contain any protein as it would act as a control group
for comparing the difference in elemental release with protein and
without protein.
Seven specimens were immersed for each of elements in 10ml
solution of artificial saliva and bovine serum albumin for a period
for one day, four weeks and seven weeks. Elemental analysis for
nickel, chromium and molybdenum from Ni-Cr alloy and Co from
Co-Cr alloy was made using atomic absorption spectrophotometer
at three different time intervals: On first day, end of the fourth
week and end of seventh week.
Group Statistics
GROUP
Nickel

TIME
Day 1

Week 4

Week 7

Chromium

Day 1

Week 4

Week 7

Molybdenum Day 1

Week 4

Week 7

Cobalt

Day 1

Week 4

Week 7

[Table/Fig-5]: Mean release of elements in BSA and artificial saliva.

GRP

N

Mean

Std.
Deviation

t

BSA

7

.07486

.022770

.159000

Artificial saliva

7

.07229

.036193

p=0.876 ns

BSA

7

.18786

.106071

1.808000

Artificial saliva

7

.11100

.037341

p=0.096 ns

BSA

7

.21871

.101224

1.166000

Artificial saliva

7

.16257

.077322

p=0.266 ns

BSA

7

.01657

.007743

1.629000

Artificial saliva

7

.01114

.004220

p=0.129 ns

BSA

7

.65143

.211631

3.991000

Artificial saliva

7

.21929

.193087

p=0.001 vhs

BSA

7

1.33629

.171835

12.836000

Artificial saliva

7

.45043

.060745

p=0.001 vhs

BSA

7

.07500

.027893

1.555000

Artificial saliva

7

.04457

.043634

p=0.146 ns

BSA

7

.14214

.040577

2.465000

Artificial saliva

7

.10029

.019276

p=0.03 sig

BSA

7

.22571

.058320

3.155000

Artificial saliva

7

.14829

.028535

p=0.008 hs

BSA

7

.75229

.078570

16.646000

Artificial saliva

7

.21014

.035381

p=0.001 vhs

BSA

7

2.67000

.571095

11.175000

Artificial saliva

7

.23571

.077528

p=0.001 vhs

BSA

7

2.63886

.496566

11.685000

Artificial saliva

7

.34757

.150272

p=0.001 vhs

[Table/Fig-4]: T-test. Comparison of release of elements in two solutions.
ns = not significant
vhs = very highly significant
sig = significant
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Descriptives
GROUP
Nickel

GRP
BSA

Chromium

Mean

Std.
Deviation

Day 1

7

.07486

.022770

Week 4

7

.18786

.106071

Week 7

7

.21871

.101224

Artificial Day 1
saliva
Week 4

7

.07229

.036193

7

.11100

.037341

Week 7

7

.16257

.077322

Day 1

7

.01657

.007743

Week 4

7

.65143

.211631

Week 7

7

1.33629

.171835

Artificial Day 1
saliva
Week 4

7

.01114

.004220

7

.21929

.193087

Week 7

7

.45043

.060745

Day 1

7

.07500

.027893

Week 4

7

.14214

.040577

Week 7

7

.22571

.058320

Artificial Day 1
saliva
Week 4

7

.04457

.043634

7

.10029

.019276

Week 7

7

.14829

.028535

Day 1

7

.75229

.078570

Week 4

7

2.67000

.571095

BSA

Molybdenum BSA

Cobalt

N

BSA

Week 7

7

2.63886

.496566

Artificial Day 1
saliva
Week 4

7

.21014

.035381

7

.23571

.077528

Week 7

7

.34757

.150272

F

p

5.471

0.014 sig

4.962

0.019 sig

122.999 <0.001 vhs

24.738 <0.001 vhs

20.551 <0.001 vhs

18.311 <0.001 vhs

43.759 <0.001 vhs

3.759

0.043 sig

[Table/Fig-6]: ANOVA test to compare the release at different time intervals.
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Cobalt release was seen at all time intervals. There was statistically
very highly significant increased amount of release seen in BSA
solution at all time intervals [Table/Fig-5].
[Table/Fig-6] ANOVA Test. Comparision of the release of
elements at different time intervals.
There was a significant (p=0.014) more amount of Ni, Cr, Mo and
Co release from day 1 to week 7 in BSA and significant(p=0.019)
amount was also noted in artificial saliva.
[Table/Fig-7] ANOVA Test. Comparison of the release of
elements from Ni-Cr alloy at different time intervals within a
particular solution.
The release of elements Ni, Cr and Mo in BSA was statistically
very highly significant (p<0.001) on day one, week four and week
seven, with a increased release of Cr when compared to Ni and
Mo [Table/Fig-8].
Descriptives
TIME
BSA

Day 1

N

Std.
Deviation

7

.07486

.022770

Chromium

7

.01657

.007743

Molybdenum

7

.07500

.027893

7

.18786

106071

Chromium

7

.65143

.211631

Molybdenum

7

.14214

.040577

7

.21871

.101224

Chromium

7

1.33629

171835

Molybdenum

7

.22571

.058320

Nickel

7

.07229

.036193

Chromium

7

.01114

.004220

Molybdenum

7

.04457

.043634

7

.11100

.037341

Chromium

7

.21929

.193087

Molybdenum

7

.10029

.019276

7

.16257

.077322

Chromium

7

.45043

.060745

Molybdenum

7

.14829

.028535

Week 7 Nickel

Week 4 Nickel

Week 7 Nickel

BSA

TL1E
Day 1

Week 4

F

(I)
GROUP
Nickel

(J) GROUP

Artificial
saliva

Day 1

17.575 <0.001 vhs

p

.05829

.083

Molybdenum

-.00014

1.000

Chromium Molybdenum

-.05843

.082

Nickel

Chromium

-.46357

0.046 sig

Molybdenum

.04571

.992

.50929

0.025 sig

Nickel

Chromium

-1.11757

<0.001 vhs

Molybdenum

-.00700

1.000

Chromium Molybdenum

1.11057

<0.001 vhs

Nickel

.06114

0.011 sig

Chromium
Molybdenum

.02771

.426

Chromium Molybdenum

-.03343

.268

Nickel

Chromium

-.10829

.251

p

Week 7

Mean
Difference (-J)

Chromium

Chromium Molybdenum
Week 7

Week 4

Nickel

Week 4 Nickel

Artificial Day 1
saliva

Mean

Multiple Comparisons
TIME

Molybdenum

.01071

.998

Chromium Molybdenum

.11900

.183

Nickel

Chromium

-.28786

<0.001 vhs

Molybdenum

.01429

.991

Chromium Molybdenum

.30214

<0.001 vhs

[Table/Fig-9]: TUKEY HSD for comparison between the elements in a particular
solution. Dependent Variable: BSA Tukey HSD.
28.903 <0.001 vhs

201.237 <0.001 vhs

6.091

0.01 hs

2.331

.126

58.214 <0.001 vhs

[Table/Fig-7]: ANOVA test to compare the release of elements at different time
intervals within a particular solution.

The release of elements Ni, Cr and Mo in Artificial Saliva was
statistically significant on day 1, and week 7 where as at the end of
week 4 the release was found to be not significant [Table/Fig-8].
[Table/Fig-9] TUKEY HSD Test. Multiple Comparison of release
of elements in a particular solution.
On day one there was no significant difference between the release
of elements in BSA. At the end of week 4 there was a significant
difference found between nickel and chromium with a mean
difference of -0.463ppm and chromium and molybdenum with a
mean difference of 0.509ppm. At the end of week seven there was
statistically very highly significant difference in release between Ni
and Cr with a mean difference of -1.117ppm and chromium and
molybdenum with a mean difference of 1.110ppm.
On day one there was a significant difference between the release
of Ni and Cr with a mean difference of 0.061ppm in artificial saliva.
At the end of week four there was no significant difference found
between the elements. At the end of week 7 there was statistically
very highly significant difference in release between Ni and Cr with
a mean difference of -0.287ppm and chromium and molybdenum
with a mean difference of 0.302ppm.

DISCUSSION
The biocompatibility of dental casting alloys is a critical issue
because these alloys are in long-term intimate contact with oral
tissues and are subjected to a variety of chemical environment
in the mouth. The dynamic natures of intraoral conditions cause
corrosion [8,9].

[Table/Fig-8]: Comparison of Mean Release of elements from Ni-Cr alloy.
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An alloy is mixture of metals, usually two or more. Alloys used in
dentistry usually contain four metals, and often 6 or more. Hence
these alloys are complex in nature and because of this complexity
and diversity, understanding their biocompatibility is difficult as any
of the elements may be released which may influence the human
body [2]. Elements that are released from alloys into the oral cavity
may gain access into the body through the gut, through the gingiva
or other oral tissues or, through the lungs. The route by which
an element gains access inside the body is critical to its biologic
effects. Once inside the body, metal ions can be distributed to
many tissues, through the lymphatic system, or the bloodstream
or may also be ingested by cells such as macrophages.
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The absorption, distribution, retention half-life, and excretion are
significantly influenced by the form of metal. The distribution of
a metallic element is also critical to its ability to cause systemic
toxicity. Ultimately, the body generally eliminates metals through the
urine, feces, or lungs. It must be stressed that, if an alloy releases
amounts of various elements equivalent to dietary intake, it does
not implicate these alloys as having systemic biologic toxicity. In
most situations, the amounts of elements that are released from
dental alloys are below those taken in as a part of the diet. This
result is not surprising when the normal daily dietary intake of
metals in dental alloys is considered [2].
The daily intake (in µg) of some elements in dental alloys which are
included in the diet are estimated to be chromium 240 µg, cobalt
250 µg, molybdenum 400 µg, nickel 400 µg.
Nickel is one of the most common allergens and the most potent
sensitizer of all metals. The prevalence of nickel sensitivity in the
general population has been estimated to range from 6.7% to
17.5%. It has been recommended that patients who are highly
sensitive should not exceed a nickel concentration intake threshold
of 0.06 mg/l. The amount of nickel in one dose that will induce an
allergic response has been calculated as 0.6 to 2.5 mg. Although
Ni is thought to be an essential micronutrient, intracellularly it
binds to and depolymerise RNA and proteins, as well as disrupting
muscle contractility and enzyme function [10].
Many studies have been carried out by different researchers about
the release of metallic elements from dental alloys with many
different materials and methods [4-6,11,12].
Two different immersion solutions for elements were used in this
study: Artificial saliva and BSA. Artificial Saliva was laboratory
prepared and its composition did not contain any protein in it as
would act as a control group in this study to evaluate whether there
was any difference in the release of elements with and without
protein in the solutions. The artificial saliva used in this study is a
less aggressive environment [5,13].
This study demonstrates that the biological environment affects
significantly the corrosion of dental casting alloys. Immersion of
the specimens showed there was release of the elements Ni, Cr,
Mo and Co in both the solutions.
Generally, more elemental release from alloys occurred in BSA.
This result is in accordance with previous study by John C Wataha
et al., [6]. It has been previously reported that protein-containing
solutions could accelerate the release of elements from alloys.
Proteins can interact with the corrosion reactions in two ways:
They can bind to metal ions and transport them away from the
interface, therefore encouraging further dissolution; or proteins
may be absorbed onto the metal surface, thus restricting the
diffusion of oxygen to the surface and making it harder for the
surface to repassivate [14].
Release of Ni was seen in both the solutions and there was no
significant difference of release in two solutions. This result is in
accordance with previous study by John C Wataha et al., [6]. The
probable reason may be due to concentration of Cr. It is said that
16 to 27 percent can provide an optimum corrosion resistance
for the nickel base alloys. In addition, Mo plays an active role in
the formation of the oxide layer. Thus, an increasing concentration
of Cr and Mo on the surface layer may synergistically lower the
dissolution rates of metals [7,15]. This result is also in contrast to
some studies which may be due to the less concentration of Cr in
the alloy [5,7,15].
Nickel concentration of 112 ppm was said to be high enough to
cause a positive reaction when Ni patch testing was performed [13],
the patch test threshold for Cr was found to be ranging between
10ppm to 50ppm [16]. In this study the mean concentration of Ni
release in the BSA solution was found to be 0.074ppm, 0.187ppm
and 0.218ppm at day one, week four and week seven and for Cr it
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was 0.016ppm, 0.651ppm and 1.33ppm respectively which were
any time less than the above mentioned level.
Cobalt is an essential element for life in small quantities. Median
lethal dose (LD50) values of soluble cobalt salts have been found
to be between 150 and 500 mg/kg. Next to nickel and chromium,
cobalt is a major cause of contact dermatitis and is carcinogenic
[17].
The release of elements Ni, Cr and Mo in BSA was statistically
very highly significant (p<0.001) on day one, week four and week
seven, with an increased release of Cr when compared to Ni and
Mo. The release of elements Ni, Cr and Mo in artificial saliva was
statistically significant on day one, and week seven where as at
the end of week four the release was found to be not significant
i.e., on the day one release was dominated by Ni whereas by the
end of week four and week seven maximum concentration seen
was of Cr. This difference in elemental release when compared to
the other studies which predominantly were dominated by release
of Ni can be due to an increasing concentration of Cr and Mo on
the surface layer which may synergistically lower the dissolution
rate of Ni [7,13].
Release of Co was seen in both the solutions at all time intervals
and there was very high significant difference of release in two
solutions on the first day, fourth week and at the end of seventh
week with increased release in BSA. The Co release from the CoCr alloy was more at all time intervals when compared to the Ni
from Ni-Cr alloy. This is in agreement with the study done by F.
Nejatidanesh et al., who stated that the Ni-Cr alloys were more
resistant to corrosion when compared to Co-Cr alloy [13].
The release of Ni, Cr, Mo and Co from BSA and artificial saliva
was seen at all the time intervals. Wataha measured the release
of elements from dental alloys for 10 months at a monthly interval
[18]. They hypothesized that release of elements should decrease
with the exposure of time to the medium and that the cytotoxic
effects of the alloys should also decrease. They also stated that
the initial release rates were more which was in accordance to this
study.
Ana Milheiro studied the influence of shape and surface treatment
of palladium based dental alloys and found that the polished
specimens released much lower amounts compared to rough
surface specimens [19].

limitation
Further studies need to be carried out with the highly polished
surface of the castings and also comparison can be done between
the release of elements invitro and invivo.
Within the limitations of this study the elemental release were well
below the dietary intake level and never reached the threshold for
allergic response.

CONCLUSION
Within the limitations of this in vitro study, the following conclusions
could be drawn, the release of elements Ni, Cr, Mo and Co was
observed in both solutions, with predominant release of Cr from
Ni-Cr alloy. The composition of solutions played an important role
in the release of elements from the alloys. The protein containing
solution (BSA) showed maximum release of elements from NiCr and Co-Cr alloys. The elements released never reached their
threshold for toxic effects. Hence these alloys can be safely used
in fabrication of prosthesis without any ill effects.
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Survey

Prevalence of Dental Fluorosis and associated Risk
Factors in Bagalkot District, Karnataka, India
1
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Naveen K Ramagoni, 6Vijaya P Kamavaram Ellore

ABSTRACT
Introduction: An earlier epidemiological study by these
authors revealed fluorosis at very low levels of fluoride
concentrations in drinking water.
Aim: The objective of present study was to investigate risk
factors of dental fluorosis in permanent teeth in the villages
of northern Karnataka, India.
Materials and methods: The present survey was carried out in
three villages of Hungund Taluk, Bagalkot District, Karnataka,
India, with the fluoride concentration of 0.136, 0.381, and
1.36 ppm. Children aged between 9 and 15, with permanent
teeth, were examined for dental fluorosis using Dean’s index,
as per WHO criteria. Required relevant information regarding
risk factors was obtained through a questionnaire.
Statistical analysis: Data entry and analysis were performed
using SPSS for Windows 16.0. Comparison of means of different indices by the three groups was performed using ANOVA
and t-test (p < 0.05). Bivariate analysis was performed to identify
significant risk factors that affected prevalence and severity of
dental fluorosis. Those variables showing a statistically significant association (p < 0.05) on χ2 were entered into multiple
logistic regressions to assess their independent effects.
Results: In this study, we analyzed risk factors for both prevalence and severity of fluorosis. From multiple logistic regression
analysis, only fluoride concentration in drinking water was found
significant with prevalence of fluorosis and only nutritional status
showed significant association with severity of fluorosis.
Conclusion: Presence or absence of dental fluorosis in
permanent teeth was significantly associated with fluoride
concentration in drinking water. Once present, its severity was
determined by nutritional status of the children – malnourished
children exhibiting severe form of fluorosis.
Keywords: Dental fluorosis, Fluoride, Fluorosis risk factors,
Nutritional status.
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INTRODUCTION
Research on biology of fluorides has been very extensive
during the last decades, especially after it was demonstrated in the 1930s that fluoride in drinking water
prevents dental caries. Dean and others1 determined
1 ppm to be the optimal level of fluoridation for caries
reduction while minimizing level of dental fluorosis.
World Health Organization (WHO)2 reported that a
level of approximately 1 ppm fluoride in temperate
climates decreases level of dental caries to maximum
extent without causing any harmful effects on the community. But steady increase in the prevalence of fluorosis
has been reported in many countries despite guidelines
recommended by WHO have been followed to optimally
fluoridate their drinking water supply in order to decrease
the prevalence of dental caries.3,4 A few studies have reported dental fluorosis at locations with very low levels
of fluoride.4-6 Increase in dental fluorosis in industrialized countries has been mainly attributed to the intake of
fluoride from other sources like fluoridated dentifrices,
inadvertently prescribed fluoride supplements, and other
topical fluoride agents.3
In India, use of fluoridated dentifrices, topical fluoride
agents, and fluoride supplements are very minimal, especially in rural communities. There have been few studies
reported in the literature which correlates relationship
between fluoride concentration in water and fluorosis
and investigate the indigenous risk factors causing dental
fluorosis.7,8
It is known that fluoride content in drinking water
is the primary cause of fluorosis. It is suggested that
other factors like altitude of residence,9 climate,10 dietary
habits,11 tea consumption,12 nutritional status of the
child,13,14 duration of breast feeding,15 infant formulae,16
and use of fluoridated toothpaste17 have an influence on
the prevalence and severity of dental fluorosis.
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It is very difficult to isolate these factors and draw
conclusions regarding the minimum level of fluoride
concentration in drinking water which may prevent
dental caries and will not cause dental fluorosis. The
objective of present study was to investigate risk factors of
dental fluorosis in permanent teeth in an Indian context.

MATERIALS AND METHODS
The present survey was carried out in three villages of
Hungund Taluk, Bagalkot District, Karnataka, India.
Base line water analysis data taken by the Zilla
Panchayat Engineering Division, Bagalkot, was used for
primary selection of villages. Initially 25 villages were
selected. For water analysis, 500 mL water was collected
from each of the respective sources of drinking water
supplies in clean plastic bottles for fluoride estimation
with the appropriate labeled information. Collected
water samples were analyzed in the Department of
Environmental Engineering, Basaveshwar Engineering
College, Bagalkot. Analyses were performed with an
ion-selective electrode (model 94-09) and a 720A meter
(Orion, Beverly, USA) within a week of sample collection.
After the estimation of fluoride concentration in
collected water samples, three villages were selected
for the study with negligible, low, and near-to-optimal
fluoride concentrations in their drinking water supply
and with same altitude (531.69 m), average annual
temperatures (29.46°C), average rainfall (63.72 mm),
socioeconomic status, dietary pattern, and positive
history of usage of same water supply for drinking
purpose for at least 15 years.
The villages selected were Bevinal, Hirebadawadgi,
Chittawadagi with 0.136, 0.381, 1.36 ppm of fluoride
respectively.
The children aged between 9 and 15 years who were
the life-time residents of the respective villages were
selected for this study. A child was considered to be a
continuous resident in this area if he/she had been born
and lived all his/her life in that area except for short
intervals, as during holidays, etc.
Permission to carry out the study was obtained from
the District Education Officer, Bagalkot, and headmasters
of all selected schools. Informed consent was obtained
from children’s parents/guardians for participation of
their children in the present study.
An elaborate questionnaire was designed to obtain
relevant history of the child. To encompass all the
objectives of the study, the questionnaire was divided into
two parts. The first part collect the information regarding
name, age, sex of the child, date of examination, village
name, fluorosis index, and height and weight. Second
part collect the information about oral hygiene habits

(frequency, material used, introduction of brushing),
amount of tea and water consumption per day, breastfeeding and weaning, food habits (type, frequency, staple
diet), socioeconomic status of the parents, and general
health of the child from birth to till date.
Prior to the commencement of the survey, calibration
and standardization exercises for the examiner as well as
patients were carried out with the help of photographs
to minimize the subjective variation in different indices
used in this study.
Clinical examination for all the subjects was carried
out in the schools by single examiner and recording of
data was done by a trained assistant, and both were
blinded to the fluoride concentrations in the drinking
water supply of the villages.
During the examination, a child was seated on an
ordinary chair outside the school building. For the children who were absent in the school on the days of survey,
clinical examination was carried out in their houses at
the time of the interview. Indirect natural light was used
for illumination. When necessary, dry cotton was used to
remove debris. Then the child was asked to wet his/her
teeth by tip of the tongue before recording the indices.
All the permanent teeth present in the child’s mouth
were examined for dental fluorosis using Dean’s index,
according to WHO criteria, without specially cleaning or
drying the teeth. Each permanent tooth was given a score
between 0 and 5.18 The final fluorosis index was based on
the two most affected teeth. If they were different, lowest
of the two was considered.
Intraexaminer reliability was calculated after reexamining 10% of the school children, during beginning of the
survey and then 1 month thereafter.
Prior to oral examination, the data regarding name, age,
and sex were entered from the school records. The houses
of the children selected for the study were visited, and
their mothers (if a mother was absent, then child’s father/
guardian) were interviewed by the examiner. Care was
taken not to ask misleading questions and enough time was
given for giving the most reliable account on the history.
Weight was measured by using spring loaded “Krups”
weighing machine (Beliram and Sons, New Delhi),
and height was measured by asking the child to stand
erect and bare-footed and using a specially designed
wooden scale attached with a fiber glass tape. A child’s
height, weight, and age were used to determine his/her
nutritional status using Waterlow classification.19 Using
standard charts by National Center for Health Statistics
(NCHS) for height, weight and age of boys and girls,
percent weight for age, and percent weight for height
were calculated for each child. Then the children were
classified based on the Waterlow classification.19 For
our study purposes, since fluorosis in permanent teeth

International Journal of Clinical Pediatric Dentistry, July-September 2016;9(3):256-263

257

Taranatha Mahantesha et al

is only affected by long-duration malnutrition, children
who were normal and wasted but not stunted (shortduration malnutrition) were classified as well nourished,
and stunted children (long-duration malnutrition) and
stunted and wasted children (current and long-duration
malnutrition) were classified as malnourished.
Total water intake per day of the age at examination
was estimated from the number of glasses (250 mL)
of water reported to be consumed per day. We had no
possible way of directly measuring fluid intake during
the period, most critical to the development of dental
fluorosis (the first 6 years of life). However, water
consumption data were recorded to throw some light
on daily consumption of water in a tropical country like
India, as well as to examine if it has any effect on dental
fluorosis retrospectively as current water consumption
may be assumed to be related to past water consumption
per day.

STATISTICAL ANALYSIS
Data entry and analysis were performed using SPSS for
Windows 16.0. Comparison of means of different indices
by the three groups was performed using ANOVA and
t-test (p < 0.05). Bivariate analysis was performed to
identify significant risk factors that affected prevalence
and severity of dental fluorosis. Those variables showing
a statistically significant association (p < 0.05) on χ2 were
entered into multiple logistic regressions to assess their
independent effects.

RESULTS
For the purpose of analysis, three villages selected were
divided into three groups as follows:
Group I: Children residing in area with fluoride concentration 0.136 ppm
Group II: Children residing in area with fluoride concentration 0.381 ppm
Group III: Children residing in area with fluoride concentration 1.36 ppm.
In the group I, 100 children were examined and 3
were excluded. In the group II, 100 children were
examined and 1 child was excluded. In group III,
96 were examined and 3 were excluded. These children
were excluded because they were not continuous
residents of those particular villages.
Distribution of children in all the three groups by
age, weight, and height is given in Table 1. No significant
differences were found in age, height, or weight among
the three groups.
Prevalence and severity of fluorosis in the groups I, II,
and III are presented in the Table 2. For measuring severity
of fluorosis, children with the Dean’s scores of 1 to
3 were considered to have mild fluorosis and those with
scores 4 to 5 were considered to have severe fluorosis.15
Mean fluorosis for the groups I, II, and III were
0.12 + 0.47, 1.42 + 0.15, and 4.71 + 0.047 respectively and are
presented in the Table 3. Mean fluorosis score of group I
was found to be the lowest among the three groups, and
the difference was significant. Mean fluorosis score of

Table 1: Distribution of children in the groups I to III by age, height, and weight
Groups
I (0.136 ppm)
II (0.381 ppm)
III (1.36 ppm)

Age (years)
Mean ± SE
Range
11.38 ± 0.19
9–14.8
12.03 ± 0.12
9.6–14.7
11.8 ± 0.19
9.1–14.7

Height (cm)
Mean ± SE
Range
134.54 ± 1.22
109–166
141.29 ± 103
118–169
133.35 ± 1.23
111–163

Weight (kg)
Mean ± SE
27.88 ± 0.84
30.54 ± 0.77
27.68 ± 0.71

Range
18–50
19–55
17–48

Table 2: Prevalence and severity of fluorosis
Dean’s index of fluorosis prevalence
Groups
0
1
2
3
4
I (0.136 ppm)
90 (92.7)
2 (2.1)
5 (5.2)
0
0
II (0.381 ppm)
42 (42.4)
13 (13.1)
13 (13.1)
23 (23.3)
7 (7.1)
III (1.36 ppm)
0
0
0
0
27 (29)
Numbers in the parentheses indicate percentages

5
0
1 (1.0)
66 (71)

Total
97
99
93

Severity of fluorosis
prevalence
Mild
Severe
7 (7.3)
0
49 (49.5)
8 (8.1)
0
93 (100)

Table 3: Mean (± SE) scores for Dean’s index of fluorosis by fluoride concentration in drinking water
Groups
Number of children
Dean’s index for fluorosis Mean ± SE
I (0.136 ppm)
97
0.12 ± 0.047a
II (0.381 ppm)
99
1.42 ± 0.15b
III (1.36 ppm)
93
4.71 ± 0.047
a
Significantly lower than groups II and III (p < 0.001); bsignificantly lower than group III (p < 0.001)
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Table 4: Bivariate analysis used to evaluate the correlation between prevalence of fluorosis and the risk factors
Prevalence of fluorosis
Dean’s index 0
Dean’s index ≥ 1
No. of children
Percentage
No. of children Percentage

Risk factors
Fluoride concentration
0.136 ppm
90
0.381 ppm
42
1.36 ppm
0
Tea consumption/day
None
38
1 cup
46
2 cups or more
48
Diet
Veg
51
Mixed
81
Nutritional status
Well-nourished
91
Malnourished
41
Breastfeeding
<1 year
2
1–2 years
128
2 years or above
2
Water consumption/day
4–7 cups
10
8–11 cups
100
12 cups and above
22
S: Significant; NS: Nonsignificant

χ2

p-value

92.78
42.42
0

7
57
93

7.22
57.58
100

165.37

0.000001
S

55.88
49.46
37.5

30
47
80

44.12
50.54
62.5

6.84

0.032
S

42.85
47.64

68
89

57.15
52.36

0.65

0.421
NS

50.28
38.0

90
67

49.72
62

4.13

0.04
S

100
45.7
100

0
157
0

0
54.3
0

2.41

0.300
NS

55.6
51.8
28.2

8
93
56

44.2
48.2
71.8

13.23

0.0013
S

children in the group II was significantly lower than that
in the group III.
In this study we analyzed risk factors for both
prevalence and severity of fluorosis separately. Total six
risk factors, including fluoride concentration in drinking
water, tea consumption, type of diet, nutritional status,
breast-feeding duration, and water consumption per
day, were analyzed to evaluate the correlation with the
prevalence and severity of fluorosis.
In order to assess the associations between risk factors
and prevalence of fluorosis, all 289 children were divided
into two groups, namely, no fluorosis (Dean’s index 0) and
presence of fluorosis (Dean’s index > 1). Bivariate analysis
revealed positive associations between the prevalence of
fluorosis and fluoride concentration in drinking water,
frequency of tea consumption, nutritional status, and
present water consumption (Table 4). When these positive
risk factors were analyzed further by multiple logistic
regressions to assess their independent association with
prevalence of fluorosis, only fluoride concentration in
drinking water was found significant (Table 5).
In order to find out the risk factors that associated
significantly with severity of fluorosis, bivariate analysis
was performed considering all 289 children and dividing
them into two severity groups. Severity of fluorosis
was determined to be either mild (Dean’s index: 1–3) or
severe (Dean’s index: 4–5). Bivariate analysis between

Table 5: Results of multiple logistic regression analysis performed
to evaluate independent effects of risk factors on the prevalence
of dental flurosis
Multiple logistic regression
Risk factors
B
SE
p-value Significance
Fluoride concentration 3.33
0.401 0.00001 S
Tea consumption
0.141 0.224 0.528
NS
Nutritional status
0.225 0.421 0.592
NS
Water consumption
0.1189 0.388 0.759
NS
S: Significant; NS: Nonsignificant

the risk factors and severity of fluorosis showed that
fluoride concentration in drinking water, type of diet,
and nutritional status had significant associations
(Table 6). When these three risk factors were entered
in multiple logistic regressions, only nutritional status
showed significant association with severity of fluorosis
(Table 7).

DISCUSSION
A number of recent investigations4,15 performed in
the industrialized countries have indicated that the
prevalence of dental fluorosis is increasing even in
less than optimally fluoridated communities. In India,
definite dental fluorosis has been reported even at
fluoride level of 0.4 ppm.20 In our previous study,6 we
found fluorosis at low levels of fluoride concentration in
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Table 6: Bivariate analysis used to evaluate the correlation between severity of flurosis and the risk factors

Risk factors
Fluoride concentration
0.136 ppm
0.381 ppm
1.36 ppm
Tea consumption/day
None
1 cup
2 cups or more
Diet
Veg
Mixed
Nutritional status
Well-nourished
Malnourished
Breastfeeding
< 1 year
1–2 years
2 years or above
Water consumption/day
4–7 cups
8–11 cups
12 cups and above
S: Significant; NS: Nonsignificant

Severity of fluorosis
Mild (1–3)
Severe (4–5)
No. of children
Percentage
No. of children
Percentage

p-value

7
49
0

7.2
49.5
0

0
8
93

0
8.1
100

127.03

0.000001
S

12
16
28

17.6
17.2
21.9

18
31
52

26.6
33.3
40.6

0.315

0.854
NS

14
42

24.7
11.8

54
47

27.7
45.4

11.88

0.0006
S

45
11

28.86
10.2

181
56

62.63
51.8

18.88

0.00001
S

0
56
0

0
22.3
0

0
101
0

0
31.9
0

0.998

0.317
NS

2
40
14

11.1
20.7
17.9

6
53
42

33.3
27.5
53.9

5.36

0.068
NS

Table 7: Results of multiple logistic regression analysis performed
to evaluate independent effects of risk factors on severity of dental
fluorosis
Multiple logistic regression
Risk factors
B
SE
p-value Significance
Fluoride concentration
22.90 98.14 0.81
NS
Diet
–9.09 74.37 0.903
NS
Nutritional status
1.73 0.834 0.038
S
S: Significant; NS: Nonsignificant

drinking water supply. Hence, this study was undertaken
to find out the risk factors of fluorosis in villages of
north Karnataka, India. We selected three villages with
0.136, 0.381, and 1.36 ppm fluoride concentration in their
drinking water supply.
Results from our study revealed that percentage
of children with severe fluorosis increased with the
increase in concentration of fluoride in drinking water.
It was not unexpected that 100% of the children in the
group III (fluoride concentration: 1.36 ppm) showed
severe fluorosis. However, in the area with fluoride
concentration 0.381 ppm, 50% of the children showed
mild and 8% showed severe fluorosis. Surprisingly, in
the area with 0.136 ppm fluoride concentration, only 7%
children showed mild fluorosis.
Such a high prevalence was reported by many authors
from different parts of world.4,5 They stated that apart
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from fluoride in the drinking water supply many other
sources of fluoride are considered to be important in the
development of dental fluorosis. In the industrialized
countries, fluoride supplements,15 fluoride dentifrices,16,17
fluoridated mouthwash, 15 and infant formula 16 are
reported to be the major risk factors in the development
of fluorosis.
In the developing countries, nutritional status, type of
diet have been reported to be associated with increased
risk for fluorosis even in the communities with less than
optimal concentration of fluoride in drinking water.11-14
Certain foods rich in fluoride, for example, tea, and
locally grown food items in areas where the fluoride
concentration in water used for irrigation is high may
play an important role in development of fluorosis.12,21,22
As children residing in rural India, from where our
study sample was taken, do not have access to fluoride
supplements, fluoridated dentifrices, and fluoride mouthwash; these factors were not considered while evaluating
the risk factors. In our sample, most of the children used
finger and charcoal for tooth-cleaning. Out of 289 children
examined, only 17 (6%) used toothbrush and toothpaste,
that too very irregularly.
In the light of above background, we decided to
evaluate frequency of tea consumption, type of diet
(vegetarian or mixed), nutritional status, duration of
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breastfeeding, and present water consumption in addition
to fluoride concentration in drinking water as risk factors
associated with fluorosis.
In our study, fluoride concentration in drinking water
was the sole determinant of the presence or absence of
fluorosis. There is an interesting fact that two of the three
groups included in our study had very low levels of
fluoride concentrations in drinking water, much lower
than the recommendation given by WHO.
In order to find out optimum level of fluoride
concentration for this area, we used an equation proposed
by Villa et al23 to calculate optimum level of fluoride
concentration in drinking water supply in developing
countries depending on the temperature, as temperature
determines the daily consumption of water.
The equation is as follows:
Optimum fluoride concentration (mg/L)
= (0.022/0.56)/[0.0104 + (0.000724 × AMMT)],

where AMMT stands for annual mean maximum
temperature in degree Celsius.
By using this equation, we substituted AMMT = 29.46
for the area of our study, which gave the optimum fluoride
concentration for the area of our study to be 0.3886 mg/L.
This calculated concentration was almost equal to the
fluoride concentration in drinking water of group II in
our study, where 58% of children exhibited dental
fluorosis.
This finding indicates that the children in our study
are ingesting appreciable amounts of fluoride from
sources other than drinking water. We also found that
fluoride concentration in drinking water did not have an
independent effect on severity of fluorosis. This indicates
that presence or absence of fluorosis was determined by
fluoride concentration in drinking water, but once present,
and if it was manifested as mild or severe fluorosis, did
not depend on the fluoride in drinking water.
In the part of Karnataka where we conducted our
survey, tea is the main beverage consumed by children
and adults alike. A study conducted in villages of China
reported prevalence of dental fluorosis from 52 to 84%
in the area with fluoride concentration ranged from 0.11
to 0.32 mg/L.12 The study stated that tea consumption
played a major role in the development of dental fluorosis.
In our study, we did not find tea consumption as an
independently significant risk factor in the development
of dental fluorosis. This is in correlation to the studies
conducted in India.7,8 In our study most of the children
used one or two cups of tea with milk and sugar per
day. The studies that have reported positive association
between dental fluorosis and consumption of tea
include populations who drink black tea and in larger
quantities. Since fluoride content of the tea consumed

by these children was impossible to be measured, owing
to its retrospective nature, we cannot comment on daily
consumption of fluoride through tea by these children.
However, it has been reported that fluoride content of tea
decreases when milk and sugar are added in it.21
In our study, diet did not show independent effect
on either prevalence or severity of fluorosis. This is in
contradiction to the findings reported by Awadia et al.11
They reported from a study conducted on children
between age 6 and 18 years that the risk of developing
dental fluorosis was seven times higher among nonvegetarians than among vegetarians. Such a significant effect
of diet in their study may be due to presence of already
excess amount of fluoride in the drinking water supply
(3.6 mg/L). In our study, groups I and II had negligible
fluoride concentrations in their drinking water. Also, perhaps consumption of fluoride from either vegetarian or
mixed diet was not significantly different, since children
on mixed diet consumed more vegetarian food with occasional nonvegetarian food.
It has been suggested that nutritional status plays
important role in the increase in prevalence of dental
fluorosis.13,14 In our study, nutritional status was assessed
from percent weight/age and percent weight/height.
This is an accepted method.19,24 Data from the NCHS,
approved by WHO, was used as a reference to calculate
nutritional status, because the data from Indian Council
of Medical Research (ICMR) has not widely used by
researchers as the data are not representative of average
Indian children.24
Our study showed that malnutrition is prevalent
in this area of South India which is in agreement with
study conducted by Kodali et al.25 Thirty-eight percent
of the total children examined showed long-duration
malnutrition. More than 62% of malnourished children
presented with fluorosis (10% with mild, 52% with
severe); however, only 49.72% well-nourished children
were affected by fluorosis (29% with mild, 63% with
severe). This is in agreement with the studies conducted
in India and around the world.13,14
In our study, nutritional status showed an independent
effect on the severity of fluorosis, malnourished children
being more affected by severe fluorosis. Presence or
absence of fluorosis was not affected by nutritional status
on multiple logistic regression analysis.
It has been reported that inadequate dietary intake of
calcium, usually due to inadequate milk consumption,
has been associated with increased fluoride-related
bone changes. 26 Similar calcium deficiency during
the formation and mineralization of teeth will lead to
hypocalcification. In the children, we examined, fluoride
concentration in drinking water was the major factor in
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deciding presence or absence of dental fluorosis. It may
be postulated that the process of hypoplasia of teeth due
to fluorosis was enhanced by children’s malnutrition,
making malnourished children experience more of severe
fluorosis.
Breastfeeding has been reported to be associated
with prevalence of fluorosis.15 Long duration of breastfeeding postpones the consumption of water with high
fluoride concentration. Children, when breast-fed, have
breast milk as their primary daily intake of fluid. Breastmilk is shown to contain negligible amount of fluoride
even in mothers who consume highly fluoridated
water.27 This means that till the age the child is breastfed, he/she will not be affected by high fluoride in
water or food.
Our study did not reveal any effect of breastfeeding
duration on prevalence or severity of fluorosis. Most
of the children that we examined fell into the group of
duration of 12 to 24 months. Hence, statistical significance (either positive or negative) in our study is
questionable.
In order to make any conclusive remarks on breastfeeding duration as a risk factor in the development of
dental fluorosis, further study needs to be carried out
with larger sample size.
It has been reported that children living in high
temperature areas consume more water, and consumption
of water in turn is associated with prevalence of
fluorosis.10
Our study revealed that most of the children in the
area we surveyed consumed more than 2 L of water per
day. Daily water consumption of these children is much
higher than that reported in various studies from different
countries, performed on the children in the similar age
group.8,11,28 We tried to do a retrospective association
between present water consumption and dental fluorosis
in permanent teeth. The results showed a significant
association in bivariate analysis, but no significant
association was found in the multivariate analysis.

CONCLUSION
• Prevalence of dental fluorosis at fluoride concentration
of 1.36 ppm was significantly higher than that at
0.136 and 0.381 ppm. Prevalence of dental fluorosis at
fluoride concentration of 0.381 ppm was significantly
higher than that at 0.136 ppm.
• Presence or absence of dental fluorosis in permanent
teeth was significantly associated with fluoride
concentration in drinking water.
• Once present, its severity was determined by nutritional status of the children, malnourished children
exhibiting severe form of fluorosis.
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Influence of three different implant thread designs on stress
distribution: A three‑dimensional finite element analysis
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Abstract

Purpose: Clinical success of implant prosthodontics is dependent in part upon the type of implant
thread design. The selection of implant thread design plays an important role in the outcome of the
treatment. This study was undertaken to evaluate the pattern of stress distribution using a finite element
analysis; hence, the area which would be bearing maximum load for a given design would be arrived.
Materials and Methods: Three implants with different thread designs, namely V‑thread, buttress, and reverse
buttress thread designs were considered and dimensions were standardized. The site considered was the
mandibular molar region with cortical and trabecular bone assuming to be isotropic and homogeneous.
The implant modeling was done with the  CATIA software. Vertical loads of 100N were applied. The stresses
were calculated as Von Mises stress criterion. Results: Maximum stresses were seen at the cortical bone
and were transferred to the implant. Minimum Von Mises stresses were seen with reverse buttress thread
design at the cortical bone. The stresses were observed least at the cancellous bone and maximum at
the implant. Conclusion: Hence, within the limitations of this study the results obtained can be applied
clinically for appropriate selection of implant thread design for a predictable success of implant therapy.
Key Words: Finite element analysis, implant, thread designs
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INTRODUCTION

Challenges in partial or complete edentulism have been met
by the prosthodontic rehabilitation of the patient by different
treatment options such as removable partial dentures, fixed
partial dentures, and implant‑based restorations. Implants
offer brighter prospect owing to the advantages of improved
functional efficiency, appearance, comfort, speech, and
preservation of hard and soft tissues in the oral cavity.[1]
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The significance of biomechanical aspects on the long
ter m success of osseointegrated implants has been
emphasized.[2] Assuming this, determining how implant thread
designs contribute to stress distribution in the bone under an
applied load might be relevant in adapting to suitable clinical
decision. Hence, this study determines the contribution of
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three different thread designs on stress distribution in the bone
using a three‑dimensional (3D) finite element analysis (FEA).
Finite element method (FEM) is a numerical method of
analyzing stresses and deformations in structures of any
given geometry. The structure is discretized into the so‑called
“finite elements” connected through nodes.[3] The 3D FEA is
considered as an appropriate method for investigation of stress
throughout a structure.[4] 3D FEA is an accepted technique
used in the solution of engineering problems and allows the
researchers to predict the design feature optimizations.[5]
An important deciding factor for the success or failure of
implant‑based rehabilitation is the manner in which stresses are
transferred through the implant to the surrounding bone, and
this is influenced by macroscopic criteria such as the geometry
of implant, structural metallurgy of implant, and variations
in thread designs and microscopic criteria such as the surface
chemistry and microtopography.[6]
Initially developed in the early 1960s to the aerospace
industry, FEA was introduced in 1976 to implant dentistry.[3]
It is showing overwhelming capability and versatility in its
applications in dentistry. A thorough understanding of this
phenomenon might lead to a reduction in the undesirable
stresses assuring success in implantation.
MATERIALS AND METHODS

Three implants with different thread designs, namely V‑thread,
buttress, and reverse buttress thread designs with similar
dimensions were considered. The site considered was the
mandibular molar region with cortical and trabecular bone
assuming to be isotropic and homogeneous. [2] ANSYUS
program was used to solve the stress analysis problems.

includes application of specialized software for the direct
transformation of 3D information in image data from
computed tomography (CT) into FEA meshes[1]
In FEA, bone is modeled as isotropic, homogeneous,
elastic, and linear material constants of Young’s Modulus
and Poisson’s Ratio[1] listed in Table 1. In an isotropic
model, the properties are the same in all directions. The
situation was simulated by placing an implant in the first
molar region. A layer of cortical bone of 2 mm is modeled
around the implant neck, and the body is modeled as being
embedded in the medullary bone.[7]
2. Implant to be modeled: Three implants with different
thread designs, namely V‑shaped, buttress, and reverse
buttress thread designs were considered for the study. The
implant modeling was done with the CATIA software.
The other geometric variables such as implant length,
diameter, and surface composition were not considered.
The dimensions standardized were implant length being
12 mm,[6] diameter 4 mm,[6] thread length 0.5 mm,[8] thread
pitch 1.2 mm,[9] thread depth 0.42 mm,[10] and thread
angulations 45°[10] as depicted in Figure 1.
3. Boundary conditions: The boundary conditions modeling
mandible were set to be fixed[11]
4. Bone‑implant interface: FEA models assume a state of
optimal osseointegration, meaning that cortical and
cancellous bone is assumed to be perfectly bonded to the
implant. The condition of osseointegration was simulated.
The implant was rigidly anchored in the bone model along
its entire interface.[12]
Table 1: Material properties[1,2,5]
Material
Cortical bone
Medullary bone
Titanium

Elastic modulus (Mpa)

Poisson’s ratio

13,700
1370
110,000

0.30
0.30
0.30[4]

Finite element method

A 3D quantitative analysis requires a mathematical method,
making use of a geometric model accurate both in anatomical
and physical characteristics, along with the use of a computer,
which has become an indispensable aid as far as 3D analysis are
concerned. This involves the subdivision or discretization of the
structure under consideration into a number of finite sections
or elements. These elements are connected at intersections
called nodes.[1] A complex structure or continuum so discretized
may contain many elements, which can be arranged in two or
three dimensions in layers, rather like bricks in a wall. The
methods in which the model was created and loads were applied
are as follows:
1. Detailed geometry of the bone to be modeled: A 3D FE
model was created to analyze the stress distribution in the
bone around implants caused by an applied load. This
360

Figure 1: Schematic diagram of modeled V‑thread, buttress, and
reverse buttress thread designs
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Elements and nodes[11]

The models were meshed with modeling software CATIA
and the meshing used was Hypermesh. Table 2, represents
the number of nodes and elements for each thread design.
The modeled implants and modeled bone were meshed. The
meshed implant was placed in the meshed bone as in Figure 2.
Constraints and loads

The software utilized for the study was ANSYS program.
About 100N of vertical loads were applied.[8,11]
RESULTS

Results were presented in Von Mises stress criterion. The
magnitude of stress distribution was represented with
a color spectrum to better visualize mesh phenomena
in the models. The colors in descending order are from
red‑orange‑yellow‑green‑blue, i.e., the red depicts the highest
stress and blue lowest. The stress distribution was evaluated
within the cortical bone, cancellous bone, and the implant
body. The stresses in MPa are listed in Table 3 and depicted
in Figures 4-9.
DISCUSSION

Various methods such as brittle lacquer coatings, strain gauges,
photoelasticity, holography, mathematical equations, and
analysis using the FEA are used to study stress distribution in
various fields.[13] FEA is a basic research tool and is used in
dentistry as an initial step and as an aid for planning further
laboratory tests and clinical projects that will reduce the
inaccuracies.

Mesh density is another relevant parameter. As the surfaces are
curved, increasing the mesh usually improves the results for the
discrete model (increasing the accuracy in regions of high‑stress
gradients). There should be at least 30,000–200,000 elements
and nodes. The size of elements must be 150–300 μm.[15]
The model used in this study implied several assumptions
regarding the simulated structures. The structures in the model
were all assumed to be homogeneous and isotropic and possess
linear elasticity. The mechanical properties that are the Elastic
Modulus and Poisson’s ratio for the investigated materials was
standardized. The corresponding elastic properties (E) and
Poisson’s Ratio were determined from the literature and were
summarized in Table 1.
Implant bone interface was 100% that is a state of optimal
osseointegration; meaning that cortical and trabecular bone
were assumed to be perfectly bonded to the implant.
When the magnitudes of stress were compared between
threaded and cylindrical implants, it was seen that maximum
Von Mises stress was observed for the threaded implants
in D4 bone.[16] The stepped or threaded implants induced
greater stresses than the cylindrical shaped implants.[17] Both
threaded and stepped designs showed an ability to dissipate
interfacial stresses of bone.[18] The reason for this could
be that the areas of threads would form the frontline of
stress concentration due to sharp line angles located at the

The slices of a CT scan were assembled into a 3D model by
means of the software CATIA modeling where the implants
were also modeled according to the standardized parameters
as in Figure 1. Then, the models created were hypermeshed
with the nodes and elements as in Figure 2 and subjected to
software ANSYS[14] for loading as in Figure 4.
Table 2: Number of nodes and elements meshed for each
thread design
Thread design

Nodes

Elements

V‑thread
Buttress thread
Reverse buttress thread

14,805
15,752
14,835

72,545
74,606
72,740

Table 3: Von Mises stresses on vertical loading
Description

Reverse buttress
(MPa)

Buttress
(MPa)

V‑thread
(MPa)

Cortical
Cancellous
Implant

3.8909
1.01642
21.83

5.184
0.8584
21.692

4.41548
1.405
21.7508

Figure 2: Meshed implant, bone, and implant placed in the bone site
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Figure 4: Vertical Loading with boundaries constrained

Figure 3: Schematic diagram of dimensions standardized for V-thread,
buttress, reverse buttress thread design

Figure 6: Von Mises stress at V-thread design at the cancellous bone

may be modified by varying three geometric thread parameters
thread pitch, thread shape, and thread depth.[19]

Figure 5: Von Mises stress at buttress thread design at cortical bone

sides. The success rate of cylindrical implants in D4 bone
was higher than that of the threaded implants. This was
attributed to the fact that cylindrical implants generate less
lateral force in spongy D4 bone than the threaded implants.
The present study hence considers only D2 quality of bone
generally seen in the mandibular first molar region and only
the threaded implants.
Threads are designed to maximize initial contact, enhance the
surface area, and facilitate dissipation of loads at the bone‑implant
interface. Functional surface area per unit length of the implant
362

Thread pitch is the distance measured parallel between adjacent
thread form features of an implant. Distance from center of
the thread to the center of next thread, measured parallel to
the axis of a screw is defined as thread pitch.[9] The smaller or
finer the pitch, the more threads on the implant body for a given
unit length thus the greater surface area per unit length of the
implant body if all other factors are equal. Restated, a decrease
in the distance between threads will increase the number of
threads per unit length. The thread pitch may be used to
help resist the forces in poorer quality bone. Therefore, if
force magnitude is increased, implant length decreased or bone
density decreased, the thread pitch may be decreased to increase
the thread number and increase the functional surface area. The
functional surface area is defined as the area that actively serves
to dissipate compressive loads to the implant‑bone interface.
Implant geometric body design, length, and bone density are
related to the functional surface area.[19]
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Thread depth is the distance between the major and minor
diameter from the tip of thread to the body. The conventional
implant provides a uniform thread depth throughout the length
of the implant. Greater the thread depth, greater the surface area
of the implant if all other factors are equal.[19] Hence, thread
pitch and thread depth were standardized and kept constant.
In an FEA study, implants with 0.5 mm pitch had a more
favorable stress distribution than those with a pitch of 1. 0 mm
or 1.5 mm and maximum effective stress gradually decreased
with decreasing thread pitch. In another FEA study, the thread
pitch of 0.18–0.3 mm was considered as optimal from a
biomechanical point of view.[10] Hence, in this study thread pitch
of 1.2 mm and thread depth of 0.42 mm were standardized[9,10]
as in Figure 3.

Figure 7: Von Mises stress at reverse buttress thread design at the
cortical bone

As stated by Misch, the ideal implant diameter of 4 mm and
implant length of 12 mm for the first mandibular molar was
considered in the study.[6]
The thread shape is another characteristic of overall thread
geometry. The thread shape in dental implant designs include
square, V‑shaped, buttress, and reverse buttress thread designs.
The square or power thread provides an optimized surface area
for intrusive, compressive load transmission. Most automobile
jacks or engineering designs built to bear a load use some form
of square design.[6]
In conventional engineering applications, the V‑thread design is
called a fixture and is primarily used for fixating metal parts together.
The reverse buttress thread shape was initially designed for pull‑out
loads by Krupp. This screw design was used to secure cannons to
concrete bunkers so that the discharge forces during firing of the
cannon would not pull the screws out of the foundation.[6]

Figure 8: Von Mises stress at reverse buttress thread design at the
implant

It was reported in the literature that stress (compressive)
was more evenly distributed in the case when implant thread
shape was square.[6] A study done by Mosavar demonstrated
the superiority of square thread configuration as it showed
the lowest stresses for all degrees of osseointegration in the
implant‑cortical bone transition region of the square threads.[20]
Hence, this study does not consider the square thread and
evaluates V‑thread, buttress, and reverse buttress thread designs.
Misch states three functions for threads which are to maximize
initial contact, enhance the functional surface area, and facilitate
dissipations of stress at the interfacial area.[21] Interfacial stress
analysis showed that threaded designs lower the stress near the
valley of the thread. Moreover, two other clinical advantages
can be counted for threaded types which are increased stability
and stress‑induced bone formation. Threaded designs show a
wavy interfacial stress pattern along the implant’s surface in the

Figure 9: Von Mises stress at reverse buttress thread design at the
cancellous bone

trabecular bone while the cylindrical straight model showed
one large high‑stress area.
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Buttress and reverse buttress thread designs dissipate the stress
transfer pathway from a single high‑stress area into numerous
disconnected areas of bone near the threads tips. Reasons
for it being the stress concentration yielded by geometric
discontinuity and stress shielding effect. The geometric
discontinuity of the threaded designs results in high stress at
the valley between the thread pitches. Moreover, in the valley
between pitches, the radii were smaller than those on the tip
of the thread which increases nonlinear stress on the implant
surface. This is known as the stress shielding effect.[22]

On vertical loading, maximum Von Mises stress was seen
at Buttress thread design within the cortical bone as seen in
Figure 5 which is not favorable for the bone. At the cancellous
bone, maximum Von Mises stress was seen at V-thread design
seen in Figure 6 and at the implant at the reverse buttress
thread design transferring the stresses along the long axis of
the implant seen in Figure 8. Least Von Mises stress at bone is
with the reverse buttress thread and maximum at implant with
reverse buttress thread design as seen in Figures 7-9 which is
favorable for the bone and the implant.

High stress in buttress and reverse type of thread designs is
primarily transferred through the implant surface of the valley
of the thread reducing the stress in the bone near the interface
which may improve osseointegration and benefit the threaded
implants with greater bone‑implant contact.[22]

Hence, depending upon the available bone, the thread design
can be chosen. Different implant thread forms can produce
different stress intensities at the bone structure. Cortical bone
and bone structure adjacent to the first thread bears most
of the Von Mises stresses. Hence, the present study suggests
that in case of good density bone a threaded implant may be
considered. If the bone quality is poor than the thread design
which will promote compressive stresses and minimize Von
Mises stress as inferred the reverse buttress thread design can
be chosen for better results. Within the limitations of the study,
threads at neck region were not considered and other parameters
can be varied and has scope for future research.

The other parameters such as the ones mentioned thread pitch,
depth, implant diameter, and length were all kept constant so
that they do not affect the outcome of the study.
The conventional implant provides a uniform thread depth
throughout. The stress was concentrated in the cervical cortical
bone region and the highest stress concentration occurred at the
region in jaw bone adjacent to the first thread of the implant
explaining the high levels of crestal bone loss.[15] Thus, thread
designs such as reverse buttress, which showed more compressive
stresses, may be considered for bone stimulation.[23]
The study done by Eraslan O, Inan O demonstrated that
different thread form designs did not affect the Von Mises
stress concentration at supporting bone structure, the results
of this study were variable because the loads applied were only
axial static occlusal load.[8]
A study done by Anitua and Tapia concluded that maximum stress
was located around the neck of the implant and the majority
of the stress, independent of the parameter being studied, was
distributed in the bone adjacent to the first six threads.[1] In the
current study, the observation was that the maximum stress was
located up to the first thread and at the neck of the implant.
Another study done by Gonsalves aimed to evaluate the influence
of implant with and without thread representation on the outcome
of a 2D FEA.[24] Stress distribution in each model as a whole and in
cortical bone, trabecular bone, implant, and screw did not seem to
be greatly influenced.The maximumVon Mises stress distribution at
the cortical bone implant interfaces showed no differences in either
model, also in trabecular bone. Showed that stress distribution in
the cortical bone is also not greatly affected by implant shape, given
similar implant necks and lengths unlike the results obtained in the
present study which showed variations with the thread design.[25]
364

Limitations

The present study used the FEM to investigate the influence
of implant thread designs on its stress distribution. FEA,
originally used in solving engineering problems, is currently
often applied in implant biomechanics analyses, contributing
to improvements in implant design and prosthetic planning.
While computer modeling offers many advantages over other
methods in simulating the complexity that characterizes clinical
situations, FEA is also sensitive to the assumptions made
regarding model parameters, such as material properties and
loading and boundary conditions.
• FEA is a mathematical in vitro study and may not exactly
simulate the clinical situation completely
• A state of optimum osseointegration was assumed between
cortical bone, cancellous bone, and implant in the model
this may not occur clinically
• All materials were assumed to be linearly elastic and
homogeneous whereas natural bone is viscoelastic,
isotrophic, and heterogeneous material
• The resultant stress values obtained may not be
quantitatively accurate but are generally accepted
qualitatively
• Chewing forces are dynamic in nature but the loads applied
were static loads
• In the present study, only a segment of mandible with
implant was taken into consideration thus gives only a
general insight into tendencies of stress/strain variations
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•

under average conditions, without attempting to simulate
individual clinical situations
Due to the limitations pertaining to this study, further
research regarding 3D FEA combined with long‑term
clinical evaluation is required.

CONCLUSION

FEA is becoming a common and valid method to advance
dental technologies.[26] The outcome of this study will help the
dental implant practitioners to predict the success or failure of
the implant based on the thread designs for a given quality of
bone. Within the limitations of the study it was observed that:
• Maximum stresses were seen at the cortical bone compared
to the cancellous bone
• Stresses which were transferred more to the implant than
to the bone promote bone preservation
• Minimum Von Mises Stress concentration was seen with
reverse buttress thread design at cortical bone which
signifies bone preservation
• Minimum Von Mises stresses were concentrated by reverse
buttress thread design which is favorable for preserving the bone
• Stress levels were observed maximum at implant and
minimum at the cancellous bone
• In view of the above conclusions, it may be inferred that
the thread selection depending upon the conditions can
bring better results.
This study offers a better understanding of the influence of
various implant thread designs on stress distribution. Realistic
geometries, material properties, loading conditions, and
boundary conditions were considered in this study. The majority
of stress characteristics were found to correlate well with the
previous studies. Some findings were new and will further help
in the appropriate selection of implant thread design.
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Evaluation of Interference of Cellular Phones on Electronic
Apex Locators: An In Vitro Study
Preena Sidhu, MDS,* Swapnil Shankargouda, MDS,† Daniel DevaPrakash Dicksit, MPH,*
Haydar Majeed Mahdey, MDS,* Danish Muzaffar, MDS,* and Shelly Arora, MDS*
Abstract
Introduction: Use of mobile phone has been prohibited
in many hospitals to prevent interference with medical
devices. Electromagnetic radiation emitted from cellular
phones might interfere with electronic working length
determination. The purpose of this in vitro study was
to evaluate the effect of a smart phone (Samsung Galaxy
Note Edge) on working length determination of electronic apex locators (EALs) Propex II and Rootor.
Methods: Fifteen intact, non-carious single-rooted
teeth were decoronated at the cementoenamel junction.
Visually, working length was determined by using a
#15 K-file under stereomicroscope (20). The effect of
cellular phones on electronic working length (EWL)
was determined under 2 experimental settings: (1) in
a closed room with poor signal strength and (2) in a
polyclinic set up with good signal strength and 5 conditions: (1) electronically, without cellular phone in room;
(2) electronically, with cellular phone in physical contact
with EAL; (3) electronically, with mobile phone in physical contact with EAL and in calling mode for a period of
25 seconds; (4) electronically, mobile phone placed at a
distance of 40 cm from the EAL; and (5) electronically,
mobile phone placed at a distance of 40 cm and in calling mode for a period of 25 seconds. The EWL was
measured 3 times per tooth under each condition. Stability of the readings was scored from 1 to 3: (1) good
stability, (2) stable reading after 1 attempt, and (3) stable reading after 2 attempts. The data were compared
by using analysis of variance. Results: The EWL measurements were not influenced by the presence of
cellular phone and could be determined under all experimental conditions. Conclusions: Within the limitations
of this study, it can be concluded that mobile phones do
not interfere with the EWL determination. (J Endod
2016;42:622–625)

Key Words
Cellular phone, electromagnetic interference, electronic
apex locator, working length determination

R

oot canal therapy is an integral part of dental practice. The success of root canal
therapy depends on various factors among which correct working length estimation is a crucial step. Electronic apex locators (EALs) have been used worldwide for
working length determination. These devices can help reduce treatment time and radiation dose to the patient (1). Various factors such as correct usage, presence of
irrigants, vital or necrotic pulp, inflammatory exudate, and obturating material
(2–7) in the root canal, contribute to the accuracy of EALs. Moreover, studies
have shown that EALs provide accurate working length estimation when compared
with the radiographic method (6).
It is known that electromagnetic radiation emitted from devices such as cellular
phones, iPods, dental devices such as electronic pulp testers, electrosurgery units,
and ultrasonic scalers can interfere with the function of implanted cardiac pacemakers
in patients with implanted cardiac devices (8–10). Electrical energy from these dental
devices can travel down the lead wires and can induce ventricular or atrial fibrillation
and reprogram the cardiac device (11). Studies have reported that cellular phones can
inhibit the function of a pacemaker, and this depends on the distance between the pacemaker and the electronic device, power output of the electronic device, type of pacemaker, age of pacemaker, and model of the cellular phone (12–14). It is suggested
that the use of cellular phones should be restricted in hospitals because
electromagnetic interference (EMI) caused by cellular phones can interfere with
functions of medical devices (15). Allowing usage of cellular phones in non-patient
areas, restrictions in clinical areas, cellular phone safe wards, and use of distance
greater than 1 m from all medical equipment are some precautions taken to prevent
this interference (15, 16).
A dental office has no such limitations for the use of cellular phones in dental operatory. Cellular phones are used by the dentist, dental surgery assistants, and patients
in close proximity to dental devices. The technical support documents of EALs such as
Root ZX (J Morita Corp, Tokyo, Japan), Propex II (Dentsply Maillefer, Ballaigues,
Switzerland), and Rootor (Meta Biomed, Cheongwon-gun, Korea) state that EMI
from portable and mobile radiofrequency communications equipment such as cellular
phones can cause interference with accurate reading of the EAL and should not be used
close to any part of the EAL. There is limited evidence base that can help a dental practitioner come to a decision whether mobile phones can be used in close proximity to
EALs and whether these devices can have any effect on the electronic working length
(EWL) determination.
This in vitro study aimed to evaluate the reliability of EALs (Propex II and Rootor) when placed in contact and in close proximity with a smart phone (Samsung Galaxy Note Edge; Samsung Electronics, Suwon, Korea) in different experimental
conditions.
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Materials and Methods
Dental Samples
Fifteen single-rooted teeth with 1 canal and mature apices were
selected for this study. Roots were examined under magnification (Leica
Microsystems, Wetzlar, Germany) with a magnification of 20, and
roots with carious lesions, fractures, resorptions, immature apices,
or any other anatomic irregularities were excluded. The teeth were
sectioned at cementoenamel junction for simplified access to root canal
and to obtain a reproducible reference point. The sectioned teeth were
stored in distilled water at 4 C for further use.
EAL
Two different EALs were used in this study:
1. The Propex II (Dentsply Maillefer, Ballaigues, Switzerland), a
multifrequency-based EAL that records the signals of 2 alternating
currents of 0.5 kHz and 8.0 kHz
2. The Rootor (Meta Biomed, Cheongwon-gun, Korea), a multiple frequency EAL that uses 2 frequencies of 0.5 kHz and 5 kHz

Cellular Phone
Samsung Galaxy Note Edge, a 4G LTE (Long-Term Evolution)
multiband android smart phone used with a network provider Maxis
Communications (Berhad, Malaysia), was used in this study.
Experimental Setting
The experiment was carried out in 2 different settings, one in a
closed room (9  9 feet) and the other in a dental polyclinic
(26  40 feet) in a university setting that has cubicles (9  9 feet),
to record whether the EWL differed between the 2 settings:
1. In a closed room with weak signal strength and where Bluetooth, WiFi, and General Packet Radio Service (GPRS) were inactivated:
 No phone in the room (control group)
 Phone placed in physical contact with EAL in standby mode
 Phone placed in physical contact with EAL and in calling mode for
a period of 25 seconds
 Phone placed at a distance of 40 cm from the EAL in standby
mode
 Phone placed at a distance of 40 cm and in calling mode for a
period of 25 seconds
2. In a dental polyclinic with cubicles with good signal strength where
Bluetooth, Wi-Fi, and GPRS were activated:
 Dental students and personnel carrying cellular phones with
them in standby mode in vicinity of the cubicle (control group)
 Phone placed in physical contact with EAL in standby mode
 Phone placed in physical contact with EAL and in calling mode for
a period of 25 seconds
 Phone placed at a distance of 40 cm from the EAL in standby
mode
 Phone placed at a distance of 40 cm and in calling mode for a
period of 25 seconds

the file tip was just visible at the apical foramen under the stereomicroscope (Leica Microsystems) with a magnification of 20. The silicone
stop was placed at the reference point. The distance from the base of the
silicone stop to the file tip was measured with an endodontic ruler
(Dentsply Maillefer USA, Tulsa, OK). The lengths were measured to
an accuracy of 0.25 mm. The measurements followed a random
sequence, each measurement was repeated 3 times, and the mean value
was calculated.

Determination of EWL
The EWL was established by using an experimental model
described by Hurstel et al (17). Two holes were perforated in the screw
cap of a plastic container, and the tooth along with the lip clip of the EAL
was inserted through the screw cap (Fig. 1). The plastic container was
filled with 0.9% NaCL solution, and the apical and middle thirds of the
tooth were inserted into it. The tooth was irrigated with 2.5% NaOCl, and
EWL was calculated in the experimental settings described above. The
file tip with the previously calculated length was inserted into the tooth,
and the file clip was attached. The file was pushed beyond the 0 reading
on the EAL display and withdrawn slightly until the 0 reading was displayed indicating apical patency. This reading was confirmed by the
audible signal emitted from the EAL. The file stop was adjusted, and
this length was recorded as EWL.
A total of 945 measurements were recorded and tabulated, and results were compared for statistical significance.
To determine the stability of EWL reading, the following scores
were used:
1. Immediate and clear audible signal emitted from EAL for a period of
5 seconds
2. Audible signal emitted from EAL for a period of 5 seconds but after 1
attempt
3. Audible signal emitted from EAL for a period of 5 seconds but after 2
attempts
Background noise (sign of interference) between the devices was
also noted.

Statistical Analysis
Data were analyzed by using two-way repeated-measures analysis of variance followed by Bonferroni multiple post hoc procedure.
The statistical significance was set at 5% level of significance
(P < .05).

All the experiments were performed in the same place to ensure
accurate replication of the results.

Length Determination under Microscope
After access opening and verification of canal patency, #10 K-file
(Mani Inc, Tokyo, Japan) was used to prepare the glide path. Pulp tissue
was removed from the canal by using #10 K-file and 2.6% NaOCl. A #15
file (Mani Inc) fitted with a rubber stop was inserted into the canal until
JOE — Volume 42, Number 4, April 2016

Figure 1. Experimental model connected to the electronic apex locator with
cellular phone placed in physical contact with the electronic apex locator.
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TABLE 1. Mean Values of Working Length for Each Condition
15.3  1.1
Cell phone in different conditions
No phone
Mobile phone in standby
Mobile phone ringing
Mobile phone at a distance of 40 cm
Mobile phone ringing at distance of 40 cm
Cell phone in different conditions
No phone
Mobile phone in standby
Mobile phone ringing
Mobile phone at a distance of 40 cm
Mobile phone ringing at distance of 40 cm

Working length under microscope
Working length measured by using
Propex II apex locator

Working length measured by using
Rootor apex locator

Closed room
14.9  0.95
14.9  0.98
14.9  1.07
14.9  1.07
14.9  1.07
Closed room
14.8  1.01
14.8  1.03
14.8  1.03
14.8  1.03
14.8  1.03

Polyclinic
14.9  0.95
14.9  0.98
14.9  1.07
14.9  1.07
14.9  1.07
Polyclinic
14.8  1.01
14.7  1.03
14.7  1.03
14.7  1.03
14.7  1.03

EMI between cellular phones and medical devices generally occurs only when the cellular phones are in proximity to the medical devices (18). The results of this study show that there is no correlation
between cellular phone use and EWL determination. Under all the
experimental conditions the EAL showed good reliability and stability.
This study concluded that presence of cellular phone in close proximity
or at a distance from the EAL does not influence the readings of EALs.
Thus, cellular phones can be used in a dental operatory during root canal therapy without the risk of EMI between cellular phone and EAL.
In vitro studies have used alginate, agar agar, gelatin, and saline to
simulate the root surrounding tissues in EWL determination (19, 20).
Therefore, saline was used as electroconductive material in this study.
Teeth were horizontally sectioned at the cementoenamel junction for
obtaining reproducible reference points and were mounted in a
plastic container filled with 0.9% NaCl until the root was soaked in
the solution. Irrigants are used in endodontics for their antimicrobial,
tissue dissolving, and lubrication properties. Studies have shown that
NaOCl can be safely used with EALs in working length determination
(21). Hence, 2.5% NaOCl was used as a canal irrigant in this study. Previous studies have reported that Propex II and Rootor can accurately

locate the major foramen (20, 22), which is similar to the findings in
our study.
Different experimental settings were used in this study. In experimental setting 1, Wi-Fi, GPRS, and Bluetooth networks were inactivated to prevent any electronic interference. The experiment was
carried out in a closed room to prevent interference from other
cellular phones. Furthermore, a room with poor signal strength was
selected to induce the mobile phone to transmit at maximum power,
thus increasing the risk of EMI because cellular phones control output
power depending on the availability of the nearest cell base station
(23). Experiment 2 was conducted in a polyclinic with good signal
strength where Wi-Fi, GPRS, and Bluetooth networks were activated,
and the dental personnel carried cellular phones, mimicking a dental
operatory in a realistic scenario.
Because the distance between 2 electronic devices can influence
EMI (16, 24), different distances between the cellular phone and the
EAL were tested in this study. The recommended safety distance
between a cellular phone and medical device for a Global System for
Mobile Communication (GSM) 900 MHz cellular phone is 70 cm, for
a GSM 1800 MHz cellular phone the safety distance is 5 cm (16),
whereas for GPRS cellular phones, a safety distance of 1 m is recommended between the cellular phones and medical devices (25). Samsung
Galaxy Note Edge can be considered a GSM 900 MHz multiband phone
and can transmit network frequencies of 900 MHz and 1800 MHz. Also
for the present study, GPRS was activated with the existing GSM network.
Because the ideal distance between a dental operator and a patient is
similar to that of reading a book (26), a distance of 40 cm between
the apex locators and the cellular phone was used in this study.
Because the wave emission is intense during the calling mode of
the cellular phone (17), the calling mode was used to maximize the
chances of detecting EMI. The interference between cardiac pacemakers and cellular phones is not time-dependent. A stimulus either
does or does not interfere with the pacemaker (27). Therefore, a stimulus of 25 seconds (phone in calling mode) was deemed satisfactory for
the purpose of this study.
According to Gomez et al (28), EALs can interfere with the activity
of pacemakers if the EAL is placed close to the tip of the pacemaker

TABLE 2. Two-way Repeated Analysis of Variance (tests of within-subjects
effects) for Propex II EAL

TABLE 3. Two-way Repeated Analysis of Variance (tests of within-subjects
effects) for Rootor EAL

Type III
Partial
sum of
Mean
F
P
eta
squares df square value value squared

Type III
Partial
sum of
Mean
F
P
eta
squares df square value value squared

Results
Three readings were taken for each tooth, and averages of the
readings were tabulated and compared for mean and standard deviation
under the different conditions. It was found that in a closed room
among the different apex locators, there is no significant change in measurement of readings when compared with mobile phone in different
conditions (P > .05). However, there is a minimal change in measurement when the tests were performed in a polyclinic setting with Rootor
EAL. There is no significant change in Propex II EAL in both closed room
and polyclinic (P > .05) (Table 1). No statistically significant differences were recorded between the different groups (Tables 2 and 3)
Under all the experimental conditions, the EAL readings were stable (none scored 2 and 3 on the 945 EWL measurements), and no background noise was detected between the 2 electronic devices.

Discussion

Source
Groups
Time
Groups * Time

0.00
0.01
0.00

1
5
5

0.00
0.00
0.00

*Comparison of the interactions of groups and time points.
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—
—
1.0000 .4240
—
—

—
0.0670
—

Source
Groups
Time
Groups * Time

0.00
0.01
0.00

1
5
5

0.00
0.00
0.00

—
—
1.0000 .4240
—
—

—
0.0670
—

*Comparison of the interactions of groups and time points.
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electrode. This may also explain the absence of EMI between cellular
phones and EALs (17). Also, the findings of this study do not support
the claim in the user manuals of EALs that EMI from portable and mobile
radiofrequency communications equipment such as cellular phones
can cause interference with accurate reading of the apex locator.

Conclusion
The present study revealed that EWL determination by apex locators is not influenced by the presence of cellular phones. Cellular
phones can be used in the dental operatory without the fear of causing
EMI in EWL determination during root canal therapy. Further in vitro
and in vivo studies with different parameters may be beneficial to
confirm the results of the present study.
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Abstract:
Antiphospholipid antibody (APLA) syndrome is a noninflammatory autoimmune disease, with innumerable clinical
manifestations ranging from recurrent thrombosis and pregnancy morbidity to valvular lesions, transverse myelitis,
thrombocytopenia, and hemolytic anemia. APLAs in antiphospholipid syndrome (APS) are well‑known risk factors
for cerebrovascular accidents. Stroke is the most common manifestation of APS in the central nervous system.
Gingival enlargement is a known side effect of phenytoin which is an antiepileptic drug. This can have a significant
effect on the quality of life as well as increasing the oral bacterial load by generating plaque retention sites. The
management of gingival overgrowth seems to be directed at controlling gingival inflammation through a good oral
hygiene regimen. Thus, this case report aims to describe the conservative management of phenytoin‑induced
gingival enlargement combined with inflammatory enlargement in a patient with APLA syndrome.
Key words:
Antiphospholipid syndrome, gingival hyperplasia, periodontal therapy

INTRODUCTION

A

ntiphospholipid syndrome (APS) is also
known as antiphospholipid antibody (APLA)
syndrome, Hughes Syndrome (Graham Hughes),[1]
or “Sticky Blood.” APS is an acquired autoimmune
condition, defined by the occurrence of venous and
arterial thrombosis, often multiple, and recurrent
fetal losses, frequently accompanied by a moderate
thrombocytopenia, in which the body recognizes
the normal components of blood and/or cell
membrane (phospholipids, fatty molecules) as
foreign substances and produces APLA’s namely
lupus anticoagulant, anticardiolipin antibodies, or
anti‑b2 glycoprotein‑I antibodies.[2] Single vessel
involvement or multiple vascular occlusions
may give rise to a wide variety of presentations
which included thrombocytopenia (3.7%), livedo
reticularis (2.6%), stroke (2.4%), transient ischemic
attacks (2.3%), deep vein thrombosis (2.1%),
pulmonary embolism (2.1%), epilepsy (1.7%),
valve vegetations (1.4%), and myocardial
infarction (1%) among others.[3]
Pathogenic mechanism common to autoimmune[4]
and periodontal diseases [5] is the increased
production of the cytokines tumor necrosis
factor and interleukin 1 beta. Susceptible
patients exhibit an abnormal immune‑mediated
inflammatory response. [6] The APS can be
found in patients having neither clinical nor

© 2017 Indian Society of Periodontology | Published by Wolters Kluwer ‑ Medknow

laboratory evidence of another definable
condition (primary APS) or it may be associated
with other diseases (secondary APS), mainly
systemic lupus erythematosus, but occasionally
with other autoimmune conditions,[2] infections,[7]
drugs,[2] and malignancies[8] or in a small subset of
patients, as a life‑threatening form characterized
by a rapid development of microthrombosis
that led to rapid multiorgan failure, which is
termed catastrophic APS.[9] Venous thrombosis
in APS most commonly affects deep vein of the
lower limb and/or pulmonary embolism, but
any part of the venous system may be involved.
The most frequent site of arterial thrombosis
in APS in the cerebral vasculature results in
transient cerebral ischemia/stroke. [10] These
antibodies themselves may be directly implicated
in causing epilepsy[11] such as decreasing the
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activity of the neurotransmitter gamma‑aminobutyric acid.
Considering this autoimmunity mechanism, autoimmune
components (antiphospholipid) might be important in the
pathogenesis that can recognize various brain endothelial cells.
Phenytoin is an antiepileptic drug commonly used as drug
of choice for epileptic patients. Gingival enlargement is a
well‑recognized adverse effect and occurs in about 50% of
patients receiving phenytoin.[12] As per evidence, drug‑induced
gingival enlargement may improve by substitution with other
anticonvulsant drugs, along with reinforcement of good oral
hygiene regimen.[13] Surgical excision of hyperplastic gingiva[14]
is often necessary to correct the esthetic and functional
impairment associated with this condition to successfully
manage it. Thus, this case report emphasizes the challenges
that oral and medical health practitioners face when developing
appropriate treatment modalities for epileptic patients
associated with APLA syndrome, particularly those with
periodontal disease which often could be missed by general
practitioners. Here, we present a rare case of management of
phenytoin‑induced gingival enlargement in a patient with
APLA syndrome.

Figure 1: Preoperative view of gingival enlargement

CASE REPORT
A 38‑year‑old male patient reported to the department of
periodontics with chief complaint of bleeding gums and also
with the history of seizures for 3 years and on medication for
the same. He first noticed that his gums had become thick
and swollen before 1½ years which gradually started to bleed
while brushing for 6–8 months. Medical history revealed that
the patient was a known case of APLA syndrome and had a
history of cerebrovascular thrombosis before 3 years and had
undergone a burr hole craniotomy for the same to relieve the
decompression. The patient also gave history of generalized
tonic–clonic seizures since then and was on medication,
i.e., phenytoin sodium for the same. The patient was on oral
anticoagulants (warfarin sodium 5 mg 1‑0‑0, i.e. sofarin tablet
and anticonvulsants tablet eptoin 100® 1‑0‑2).
On intraoral examination, there was presence of moderate
amount of local factors, generalized bleeding on
probing (Muhlemann and Son bleeding index score was 4),
and suppuration was present. The gingiva revealed generalized
puffy and erythematous enlargement [Figure 1]. Generalized
pockets were present with Grade I mobility (tooth #11–18, 24,
35, 37, and 38), Grade II mobility (tooth #28, 31, 32, 41, and 42),
and Grade II furcation involvement (tooth #27). Routine blood
examination revealed that there was slight increase in total
white blood cell count of 11,300 cells/mcL and a slight raise in
the international normalized ratio values of 2.03. Full‑mouth
radiographs revealed generalized bone loss whereas panoramic
X‑ray revealed vertical bone loss in relation to 13–21, 26,
and 32–42 [Figure 2]. Many teeth had a questionable prognosis
because of the simultaneous occurrence of gingival enlargement
and chronic periodontitis. Clinically, inflammatory gingival
enlargement, drug‑induced enlargement, conditioned
gingival enlargement, and gingival enlargement associated
with systemic diseases were considered in the differential
diagnosis. Based on the clinical findings and medical history,
it was diagnosed as phenytoin‑induced gingival enlargement
combined with inflammatory enlargement. The patient’s
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Figure 2: Panoramic X‑ray view with generalized bone loss

Figure 3: Postoperative view of gingival enlargement after phase 1 therapy

neurologist was consulted, and medication could not be
deferred or changed.
Treatment
Considering compromised medical condition, conventional
flap therapy was avoided because of the risk of hemorrhagic
episodes. Hence, a conservative treatment (scaling and root
planing with maintenance and regular follow‑up) under
antibiotic coverage was planned for this patient after taking
opinion from neurologist and consent from patient’s caretaker.
The periodontal treatment included several scaling sessions
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and gingival debridement, accompanied by ample washings
with oxygenated water and 3% chloramine solution. Systemic
antibiotic therapy included administration of amoxicillin
500 mg and metronidazole 400 mg three times a day, for 7 days.
Antiseptic mouthwash 0.2% chlorhexidine mouthrinse was
prescribed twice daily for 3 weeks. As a result of the antibiotics
and periodontal therapy, satisfactory results were seen at the
follow‑up visit, with the presence of pockets and gingival
enlargement in some areas [Figure 3]. Oral hygiene practice
was stressed to the patient during regular follow‑up visit with
the continuation of the drugs for the main disease.

DISCUSSION
Immune mechanism shares a common pathway both for systemic
autoimmune diseases and periodontal diseases. Increased
production of cytokines and abnormal immune‑mediated
inflammatory response[6] are the pathogenic mechanisms in
both the conditions.[4] Studies have been conducted to find the
association between periodontal diseases and various systemic
autoimmune diseases independently. One such study done by
Ramesh Kumar et al.[15] showed that the presence of systemic
autoimmune diseases may pose a risk for the development of
periodontal diseases. He also showed that all patients with
APS had periodontal disease. Epilepsy is the utmost common
chronic neurological disorder in human, and phenytoin
remains the drug of choice for control of seizures in cerebral
palsy.[16] Clinically, gingival enlargement frequently appears
within 1 year of the initiation of treatment with the phenytoin
drug.[17]
The precise mechanism by which phenytoin‑induced
enlargement occurs is still not completely understood although
a number of hypotheses have been suggested.[18] Expression of
these gingival changes can be related to numerous variables
such as type of drug, dosage levels, interactions with other
drugs, preexisting periodontal disease, presence of dental
plaque, current oral hygiene care, and individual variations
of response, i.e., genetic factors the latter determining the
heterogeneity of the gingival fibroblasts.[19] Patients who are
on anticoagulant therapy with coexisting autoimmune disease
undergoing elective invasive procedures are at high risk.
Hence, patients in primary care setting have to be managed
with utmost care after outweighing the benefits and risks
involved in the treatment plan. Similar to our case report,
Giurgiu and Dumitriu[20] reported one such case report where
the patient was managed by a complex treatment especially,
when the general condition of the patient was not favorable.
Based on this, a multidisciplinary approach including
medication adjustments followed by periodontal therapy with
supportive care is recommended for this patient. Unfortunately,
in the present case, the patient’s neurologist did not give an
opinion for change of drug because of severe compromised
medical condition. The risks involved in undertaking a surgical
approach were more as compared to the benefits and also there
were many teeth with a questionable prognosis. Considering all
the above factors and the clinicopathological and radiographic
findings, conservative treatment with scaling, root planing,
and curettage under antibiotic coverage was planned. Regular
follow‑up was done with maintenance, and the results of this
treatment approach were quite satisfactory.

CONCLUSION
The present case emphasizes on wide diversity in clinical
presentation of phenytoin‑induced gingival enlargement in
epileptic patients associated with APLA as well as signiﬁcant
diagnostic challenges and relevant management by the
clinicians. In numerous situations, a complex treatment is
necessary; however, it may not be always possible to go for
the surgical correction because of medically compromised
condition and hemorrhagic episodes. Therefore, early
identification of susceptible patient, maintaining them under
constant supervision, and a multidisciplinary approach are
critical steps in the successful management of drug‑induced
enlargement in APLA patients.
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Influence of three different implant thread designs on stress
distribution: A three‑dimensional finite element analysis
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Abstract

Purpose: Clinical success of implant prosthodontics is dependent in part upon the type of implant
thread design. The selection of implant thread design plays an important role in the outcome of the
treatment. This study was undertaken to evaluate the pattern of stress distribution using a finite element
analysis; hence, the area which would be bearing maximum load for a given design would be arrived.
Materials and Methods: Three implants with different thread designs, namely V‑thread, buttress, and reverse
buttress thread designs were considered and dimensions were standardized. The site considered was the
mandibular molar region with cortical and trabecular bone assuming to be isotropic and homogeneous.
The implant modeling was done with the  CATIA software. Vertical loads of 100N were applied. The stresses
were calculated as Von Mises stress criterion. Results: Maximum stresses were seen at the cortical bone
and were transferred to the implant. Minimum Von Mises stresses were seen with reverse buttress thread
design at the cortical bone. The stresses were observed least at the cancellous bone and maximum at
the implant. Conclusion: Hence, within the limitations of this study the results obtained can be applied
clinically for appropriate selection of implant thread design for a predictable success of implant therapy.
Key Words: Finite element analysis, implant, thread designs
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INTRODUCTION

Challenges in partial or complete edentulism have been met
by the prosthodontic rehabilitation of the patient by different
treatment options such as removable partial dentures, fixed
partial dentures, and implant‑based restorations. Implants
offer brighter prospect owing to the advantages of improved
functional efficiency, appearance, comfort, speech, and
preservation of hard and soft tissues in the oral cavity.[1]
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The significance of biomechanical aspects on the long
ter m success of osseointegrated implants has been
emphasized.[2] Assuming this, determining how implant thread
designs contribute to stress distribution in the bone under an
applied load might be relevant in adapting to suitable clinical
decision. Hence, this study determines the contribution of
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three different thread designs on stress distribution in the bone
using a three‑dimensional (3D) finite element analysis (FEA).
Finite element method (FEM) is a numerical method of
analyzing stresses and deformations in structures of any
given geometry. The structure is discretized into the so‑called
“finite elements” connected through nodes.[3] The 3D FEA is
considered as an appropriate method for investigation of stress
throughout a structure.[4] 3D FEA is an accepted technique
used in the solution of engineering problems and allows the
researchers to predict the design feature optimizations.[5]
An important deciding factor for the success or failure of
implant‑based rehabilitation is the manner in which stresses are
transferred through the implant to the surrounding bone, and
this is influenced by macroscopic criteria such as the geometry
of implant, structural metallurgy of implant, and variations
in thread designs and microscopic criteria such as the surface
chemistry and microtopography.[6]
Initially developed in the early 1960s to the aerospace
industry, FEA was introduced in 1976 to implant dentistry.[3]
It is showing overwhelming capability and versatility in its
applications in dentistry. A thorough understanding of this
phenomenon might lead to a reduction in the undesirable
stresses assuring success in implantation.
MATERIALS AND METHODS

Three implants with different thread designs, namely V‑thread,
buttress, and reverse buttress thread designs with similar
dimensions were considered. The site considered was the
mandibular molar region with cortical and trabecular bone
assuming to be isotropic and homogeneous. [2] ANSYUS
program was used to solve the stress analysis problems.

includes application of specialized software for the direct
transformation of 3D information in image data from
computed tomography (CT) into FEA meshes[1]
In FEA, bone is modeled as isotropic, homogeneous,
elastic, and linear material constants of Young’s Modulus
and Poisson’s Ratio[1] listed in Table 1. In an isotropic
model, the properties are the same in all directions. The
situation was simulated by placing an implant in the first
molar region. A layer of cortical bone of 2 mm is modeled
around the implant neck, and the body is modeled as being
embedded in the medullary bone.[7]
2. Implant to be modeled: Three implants with different
thread designs, namely V‑shaped, buttress, and reverse
buttress thread designs were considered for the study. The
implant modeling was done with the CATIA software.
The other geometric variables such as implant length,
diameter, and surface composition were not considered.
The dimensions standardized were implant length being
12 mm,[6] diameter 4 mm,[6] thread length 0.5 mm,[8] thread
pitch 1.2 mm,[9] thread depth 0.42 mm,[10] and thread
angulations 45°[10] as depicted in Figure 1.
3. Boundary conditions: The boundary conditions modeling
mandible were set to be fixed[11]
4. Bone‑implant interface: FEA models assume a state of
optimal osseointegration, meaning that cortical and
cancellous bone is assumed to be perfectly bonded to the
implant. The condition of osseointegration was simulated.
The implant was rigidly anchored in the bone model along
its entire interface.[12]
Table 1: Material properties[1,2,5]
Material
Cortical bone
Medullary bone
Titanium

Elastic modulus (Mpa)

Poisson’s ratio

13,700
1370
110,000

0.30
0.30
0.30[4]

Finite element method

A 3D quantitative analysis requires a mathematical method,
making use of a geometric model accurate both in anatomical
and physical characteristics, along with the use of a computer,
which has become an indispensable aid as far as 3D analysis are
concerned. This involves the subdivision or discretization of the
structure under consideration into a number of finite sections
or elements. These elements are connected at intersections
called nodes.[1] A complex structure or continuum so discretized
may contain many elements, which can be arranged in two or
three dimensions in layers, rather like bricks in a wall. The
methods in which the model was created and loads were applied
are as follows:
1. Detailed geometry of the bone to be modeled: A 3D FE
model was created to analyze the stress distribution in the
bone around implants caused by an applied load. This
360

Figure 1: Schematic diagram of modeled V‑thread, buttress, and
reverse buttress thread designs
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Elements and nodes[11]

The models were meshed with modeling software CATIA
and the meshing used was Hypermesh. Table 2, represents
the number of nodes and elements for each thread design.
The modeled implants and modeled bone were meshed. The
meshed implant was placed in the meshed bone as in Figure 2.
Constraints and loads

The software utilized for the study was ANSYS program.
About 100N of vertical loads were applied.[8,11]
RESULTS

Results were presented in Von Mises stress criterion. The
magnitude of stress distribution was represented with
a color spectrum to better visualize mesh phenomena
in the models. The colors in descending order are from
red‑orange‑yellow‑green‑blue, i.e., the red depicts the highest
stress and blue lowest. The stress distribution was evaluated
within the cortical bone, cancellous bone, and the implant
body. The stresses in MPa are listed in Table 3 and depicted
in Figures 4-9.
DISCUSSION

Various methods such as brittle lacquer coatings, strain gauges,
photoelasticity, holography, mathematical equations, and
analysis using the FEA are used to study stress distribution in
various fields.[13] FEA is a basic research tool and is used in
dentistry as an initial step and as an aid for planning further
laboratory tests and clinical projects that will reduce the
inaccuracies.

Mesh density is another relevant parameter. As the surfaces are
curved, increasing the mesh usually improves the results for the
discrete model (increasing the accuracy in regions of high‑stress
gradients). There should be at least 30,000–200,000 elements
and nodes. The size of elements must be 150–300 μm.[15]
The model used in this study implied several assumptions
regarding the simulated structures. The structures in the model
were all assumed to be homogeneous and isotropic and possess
linear elasticity. The mechanical properties that are the Elastic
Modulus and Poisson’s ratio for the investigated materials was
standardized. The corresponding elastic properties (E) and
Poisson’s Ratio were determined from the literature and were
summarized in Table 1.
Implant bone interface was 100% that is a state of optimal
osseointegration; meaning that cortical and trabecular bone
were assumed to be perfectly bonded to the implant.
When the magnitudes of stress were compared between
threaded and cylindrical implants, it was seen that maximum
Von Mises stress was observed for the threaded implants
in D4 bone.[16] The stepped or threaded implants induced
greater stresses than the cylindrical shaped implants.[17] Both
threaded and stepped designs showed an ability to dissipate
interfacial stresses of bone.[18] The reason for this could
be that the areas of threads would form the frontline of
stress concentration due to sharp line angles located at the

The slices of a CT scan were assembled into a 3D model by
means of the software CATIA modeling where the implants
were also modeled according to the standardized parameters
as in Figure 1. Then, the models created were hypermeshed
with the nodes and elements as in Figure 2 and subjected to
software ANSYS[14] for loading as in Figure 4.
Table 2: Number of nodes and elements meshed for each
thread design
Thread design

Nodes

Elements

V‑thread
Buttress thread
Reverse buttress thread

14,805
15,752
14,835

72,545
74,606
72,740

Table 3: Von Mises stresses on vertical loading
Description

Reverse buttress
(MPa)

Buttress
(MPa)

V‑thread
(MPa)

Cortical
Cancellous
Implant

3.8909
1.01642
21.83

5.184
0.8584
21.692

4.41548
1.405
21.7508

Figure 2: Meshed implant, bone, and implant placed in the bone site
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Figure 4: Vertical Loading with boundaries constrained

Figure 3: Schematic diagram of dimensions standardized for V-thread,
buttress, reverse buttress thread design

Figure 6: Von Mises stress at V-thread design at the cancellous bone

may be modified by varying three geometric thread parameters
thread pitch, thread shape, and thread depth.[19]

Figure 5: Von Mises stress at buttress thread design at cortical bone

sides. The success rate of cylindrical implants in D4 bone
was higher than that of the threaded implants. This was
attributed to the fact that cylindrical implants generate less
lateral force in spongy D4 bone than the threaded implants.
The present study hence considers only D2 quality of bone
generally seen in the mandibular first molar region and only
the threaded implants.
Threads are designed to maximize initial contact, enhance the
surface area, and facilitate dissipation of loads at the bone‑implant
interface. Functional surface area per unit length of the implant
362

Thread pitch is the distance measured parallel between adjacent
thread form features of an implant. Distance from center of
the thread to the center of next thread, measured parallel to
the axis of a screw is defined as thread pitch.[9] The smaller or
finer the pitch, the more threads on the implant body for a given
unit length thus the greater surface area per unit length of the
implant body if all other factors are equal. Restated, a decrease
in the distance between threads will increase the number of
threads per unit length. The thread pitch may be used to
help resist the forces in poorer quality bone. Therefore, if
force magnitude is increased, implant length decreased or bone
density decreased, the thread pitch may be decreased to increase
the thread number and increase the functional surface area. The
functional surface area is defined as the area that actively serves
to dissipate compressive loads to the implant‑bone interface.
Implant geometric body design, length, and bone density are
related to the functional surface area.[19]
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Thread depth is the distance between the major and minor
diameter from the tip of thread to the body. The conventional
implant provides a uniform thread depth throughout the length
of the implant. Greater the thread depth, greater the surface area
of the implant if all other factors are equal.[19] Hence, thread
pitch and thread depth were standardized and kept constant.
In an FEA study, implants with 0.5 mm pitch had a more
favorable stress distribution than those with a pitch of 1. 0 mm
or 1.5 mm and maximum effective stress gradually decreased
with decreasing thread pitch. In another FEA study, the thread
pitch of 0.18–0.3 mm was considered as optimal from a
biomechanical point of view.[10] Hence, in this study thread pitch
of 1.2 mm and thread depth of 0.42 mm were standardized[9,10]
as in Figure 3.

Figure 7: Von Mises stress at reverse buttress thread design at the
cortical bone

As stated by Misch, the ideal implant diameter of 4 mm and
implant length of 12 mm for the first mandibular molar was
considered in the study.[6]
The thread shape is another characteristic of overall thread
geometry. The thread shape in dental implant designs include
square, V‑shaped, buttress, and reverse buttress thread designs.
The square or power thread provides an optimized surface area
for intrusive, compressive load transmission. Most automobile
jacks or engineering designs built to bear a load use some form
of square design.[6]
In conventional engineering applications, the V‑thread design is
called a fixture and is primarily used for fixating metal parts together.
The reverse buttress thread shape was initially designed for pull‑out
loads by Krupp. This screw design was used to secure cannons to
concrete bunkers so that the discharge forces during firing of the
cannon would not pull the screws out of the foundation.[6]

Figure 8: Von Mises stress at reverse buttress thread design at the
implant

It was reported in the literature that stress (compressive)
was more evenly distributed in the case when implant thread
shape was square.[6] A study done by Mosavar demonstrated
the superiority of square thread configuration as it showed
the lowest stresses for all degrees of osseointegration in the
implant‑cortical bone transition region of the square threads.[20]
Hence, this study does not consider the square thread and
evaluates V‑thread, buttress, and reverse buttress thread designs.
Misch states three functions for threads which are to maximize
initial contact, enhance the functional surface area, and facilitate
dissipations of stress at the interfacial area.[21] Interfacial stress
analysis showed that threaded designs lower the stress near the
valley of the thread. Moreover, two other clinical advantages
can be counted for threaded types which are increased stability
and stress‑induced bone formation. Threaded designs show a
wavy interfacial stress pattern along the implant’s surface in the

Figure 9: Von Mises stress at reverse buttress thread design at the
cancellous bone

trabecular bone while the cylindrical straight model showed
one large high‑stress area.
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Buttress and reverse buttress thread designs dissipate the stress
transfer pathway from a single high‑stress area into numerous
disconnected areas of bone near the threads tips. Reasons
for it being the stress concentration yielded by geometric
discontinuity and stress shielding effect. The geometric
discontinuity of the threaded designs results in high stress at
the valley between the thread pitches. Moreover, in the valley
between pitches, the radii were smaller than those on the tip
of the thread which increases nonlinear stress on the implant
surface. This is known as the stress shielding effect.[22]

On vertical loading, maximum Von Mises stress was seen
at Buttress thread design within the cortical bone as seen in
Figure 5 which is not favorable for the bone. At the cancellous
bone, maximum Von Mises stress was seen at V-thread design
seen in Figure 6 and at the implant at the reverse buttress
thread design transferring the stresses along the long axis of
the implant seen in Figure 8. Least Von Mises stress at bone is
with the reverse buttress thread and maximum at implant with
reverse buttress thread design as seen in Figures 7-9 which is
favorable for the bone and the implant.

High stress in buttress and reverse type of thread designs is
primarily transferred through the implant surface of the valley
of the thread reducing the stress in the bone near the interface
which may improve osseointegration and benefit the threaded
implants with greater bone‑implant contact.[22]

Hence, depending upon the available bone, the thread design
can be chosen. Different implant thread forms can produce
different stress intensities at the bone structure. Cortical bone
and bone structure adjacent to the first thread bears most
of the Von Mises stresses. Hence, the present study suggests
that in case of good density bone a threaded implant may be
considered. If the bone quality is poor than the thread design
which will promote compressive stresses and minimize Von
Mises stress as inferred the reverse buttress thread design can
be chosen for better results. Within the limitations of the study,
threads at neck region were not considered and other parameters
can be varied and has scope for future research.

The other parameters such as the ones mentioned thread pitch,
depth, implant diameter, and length were all kept constant so
that they do not affect the outcome of the study.
The conventional implant provides a uniform thread depth
throughout. The stress was concentrated in the cervical cortical
bone region and the highest stress concentration occurred at the
region in jaw bone adjacent to the first thread of the implant
explaining the high levels of crestal bone loss.[15] Thus, thread
designs such as reverse buttress, which showed more compressive
stresses, may be considered for bone stimulation.[23]
The study done by Eraslan O, Inan O demonstrated that
different thread form designs did not affect the Von Mises
stress concentration at supporting bone structure, the results
of this study were variable because the loads applied were only
axial static occlusal load.[8]
A study done by Anitua and Tapia concluded that maximum stress
was located around the neck of the implant and the majority
of the stress, independent of the parameter being studied, was
distributed in the bone adjacent to the first six threads.[1] In the
current study, the observation was that the maximum stress was
located up to the first thread and at the neck of the implant.
Another study done by Gonsalves aimed to evaluate the influence
of implant with and without thread representation on the outcome
of a 2D FEA.[24] Stress distribution in each model as a whole and in
cortical bone, trabecular bone, implant, and screw did not seem to
be greatly influenced.The maximumVon Mises stress distribution at
the cortical bone implant interfaces showed no differences in either
model, also in trabecular bone. Showed that stress distribution in
the cortical bone is also not greatly affected by implant shape, given
similar implant necks and lengths unlike the results obtained in the
present study which showed variations with the thread design.[25]
364

Limitations

The present study used the FEM to investigate the influence
of implant thread designs on its stress distribution. FEA,
originally used in solving engineering problems, is currently
often applied in implant biomechanics analyses, contributing
to improvements in implant design and prosthetic planning.
While computer modeling offers many advantages over other
methods in simulating the complexity that characterizes clinical
situations, FEA is also sensitive to the assumptions made
regarding model parameters, such as material properties and
loading and boundary conditions.
• FEA is a mathematical in vitro study and may not exactly
simulate the clinical situation completely
• A state of optimum osseointegration was assumed between
cortical bone, cancellous bone, and implant in the model
this may not occur clinically
• All materials were assumed to be linearly elastic and
homogeneous whereas natural bone is viscoelastic,
isotrophic, and heterogeneous material
• The resultant stress values obtained may not be
quantitatively accurate but are generally accepted
qualitatively
• Chewing forces are dynamic in nature but the loads applied
were static loads
• In the present study, only a segment of mandible with
implant was taken into consideration thus gives only a
general insight into tendencies of stress/strain variations
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•

under average conditions, without attempting to simulate
individual clinical situations
Due to the limitations pertaining to this study, further
research regarding 3D FEA combined with long‑term
clinical evaluation is required.

CONCLUSION

FEA is becoming a common and valid method to advance
dental technologies.[26] The outcome of this study will help the
dental implant practitioners to predict the success or failure of
the implant based on the thread designs for a given quality of
bone. Within the limitations of the study it was observed that:
• Maximum stresses were seen at the cortical bone compared
to the cancellous bone
• Stresses which were transferred more to the implant than
to the bone promote bone preservation
• Minimum Von Mises Stress concentration was seen with
reverse buttress thread design at cortical bone which
signifies bone preservation
• Minimum Von Mises stresses were concentrated by reverse
buttress thread design which is favorable for preserving the bone
• Stress levels were observed maximum at implant and
minimum at the cancellous bone
• In view of the above conclusions, it may be inferred that
the thread selection depending upon the conditions can
bring better results.
This study offers a better understanding of the influence of
various implant thread designs on stress distribution. Realistic
geometries, material properties, loading conditions, and
boundary conditions were considered in this study. The majority
of stress characteristics were found to correlate well with the
previous studies. Some findings were new and will further help
in the appropriate selection of implant thread design.
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Endodontic Management of a Maxillary Lateral Incisor fused with Supernumerary
Tooth using SCT as Diagnostic Aid

CASE REPORT

Endodontic Management of a Maxillary Lateral Incisor
fused with Supernumerary Tooth using Spiral
Computed Tomography as Diagnostic Aid
1

Deepti Dua, 2Ankur Dua, 3Anand C Patil

ABSTRACT
Fusion is a developmental anomaly in tooth morphology, which
may be due to either union of two separate tooth buds or partial
splitting of a single tooth bud. A thorough understanding of root
canal anatomy is an essential prerequisite for a successful
endodontic treatment. This case report describes successful
endodontic management of a maxillary left lateral incisor fused
with a supernumerary tooth using spiral computed tomography
(SCT) as a diagnostic aid. A patient reported with a painless
swelling in the maxillary anterior region associated with a
fused maxillary lateral incisor. Spiral CT was performed to
better understand the complex root canal anatomy. Endodontic
treatment was done using methyl trioxide aggregate (MTA) as
apical plug and obturation by thermoplasticized gutta-percha.
The tooth was completely asymptomatic at 1-year follow-up
showing signs of healing. The present case report emphasizes on the importance of three-dimensional (3D) imaging
techniques, such as SCT in cases of developmental anomalies having complicated root canal morphology for successful
endodontic therapy.
Keywords: Fusion, Mineral trioxide aggregate, Spiral computed
tomography, Supernumerary tooth.
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INTRODUCTION
Development of an ideal dentition depends on many
factors. Disorders of development of teeth can be classified according to the abnormalities in shape, such as
dens invaginatus, talon cusp, dens evaginatus, gemination, fusion, or abnormalities in number, such as supernumerary teeth. Double tooth presents as one of the
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rare anomalies affecting the shape of the tooth, which
denotes embryological conditions like gemination and
fusion. Although the cause is unknown, but trauma has
been suggested as a possible cause; genetic factors may
also be involved.1 The incidence of double tooth ranges
from 0.14 to 5.0% in worldwide population, with no sex
predilection. Unilateral presentation is more common
than the bilateral.2 Pindborg defined fusion as the union
between dentin and/or enamel of two or more separate
developing teeth.3 Depending on the stage at which the
tooth germs join together, the fusion may be complete
or incomplete. If the contact occurs early, at least before
calcification begins, complete fusion occurs, forming a
single large tooth. If the tooth germs come into contact
when a portion of tooth crown has completed its formation, then incomplete fusion occurs. Such teeth may
have either two pulp chambers with their respective
root canals or a single root canal system. If fusion occurs
between a normal and a supernumerary tooth, it becomes
difficult to differentiate it from gemination.1 Pindborg3
described gemination as the malformation of a single
tooth bud, resulting in an anomalous tooth within the
normal complement of teeth. Gemination occurs when a
single tooth germ attempts to divide, resulting in a large
single tooth with a bifid crown and a common root canal.
Endodontic treatment of double teeth has been a
constant challenge for the practitioners because of variations in root canal anatomy. Intraoral periapical (IOPA)
radiographs provide only the two-dimensional (2D)
image of root canal which may not be sufficient enough
for understanding the complex morphology of pulp canal
space in anomalous dentition, such as fused teeth. Newer
diagnostic techniques, such as spiral computed tomo
graphy (SCT) or volume acquisition CT, which provide
three-dimensional (3D) images, should be used in such
cases for better evaluation of the root canal anatomy and
hence a successful endodontic therapy.
The present case report describes successful endodontic management of a maxillary left lateral incisor fused
with a supernumerary tooth with the aid of SCT.

CASE REPORT
A 28-year-old female patient reported to the Department
of Conservative Dentistry and Endodontics with the
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complaint of painless swelling in left maxillary anterior
region since 1 year. The medical and family histories
were noncontributory. All vital signs were within normal
limits. Clinical examination revealed a diffuse palatal
swelling extending from the distal aspect of left central
incisor to the distal of first premolar; the swelling was
fluctuant on palpation. Hard tissue examination revealed
a temporary restoration on palatal surface of maxillary
left central incisor and abnormal crown morphology
of maxillary left lateral incisor (Fig. 1A). There was an
increased mesiodistal diameter with a supernumerary
tooth attached palatal and mesial to the maxillary left
lateral incisor (Fig. 1B). The labial and palatal surfaces of
both lateral incisor and the supernumerary tooth were
found to be caries free. No discomfort was present on
vertical and horizontal percussion or palpation of tooth.
The tooth exhibited no mobility. Thermal and electric
pulp testing showed negative response in relation to the
left central incisor, left lateral incisor, and the supernumerary tooth.
The preoperative periapical radiograph revealed
a well-defined periapical radiolucency approximately
4 cm in diameter involving the lateral incisor and the
supernumerary tooth which were fused along the entire
root length (Fig. 1C). The pulp canal space exhibited a
complex structure but the exact anatomy could not be

A

understood from a 2D radiograph. All IOPA radiographs
were depicting a radiopaque foreign body which was
the permanent jewelry worn by the patient in the nose.
Hence, care was taken to avoid its interference over the
area of concern.
However, for better understanding of the root canal
anatomy, a 3D dental imaging was planned for the tooth.
Informed consent was obtained from the patient and a
multislice SCT of maxilla was performed using Dentascan software (GE HealthCare, Milwaukee, WI, USA).
The involved tooth was focused and the morphology
was obtained in axial, transverse, and sagittal sections
of 0.5 mm thickness along with 3D reconstructed images.
Images revealed that the lateral incisor and the supernumerary tooth had two separate pulp chambers, but the
pulp canal space shifted majorly into the supernumerary tooth as it progressed from coronal to apical section
of the roots to join into a common large apical foramen
in the supernumerary tooth corresponding to Weine’s
type II configuration (Figs 2A to D).
The treatment plan included root canal therapy with
respect to the central incisor, lateral incisor, and the
supernumerary tooth. Surgical management of the cyst
was planned which included enucleation.
Local anesthesia was administered and rubber dam
was applied. Endodontic access cavity was made on the

B

C

Figs 1A to C: Preoperative photographs: (A) Labial view; (B) palatal view; and (C) intraoral periapical radiograph
showing irregular morphology and a large periapical radiolucency in relation to tooth nos. 21, 22

A

B

C

D

Figs 2A to D: Spiral CT images of maxilla: (A) Axial view of the coronal third section of the crown of the fused left lateral incisor and the
supernumerary tooth; (B) axial view of the cervical third section of the roots of the fused left lateral incisor and the supernumerary tooth,
(C) axial view of the middle third section of the roots of the fused left lateral incisor and the supernumerary tooth; and (D) axial view of
the apical third section of the roots of the fused left lateral incisor and the supernumerary tooth
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palatal surfaces of the central incisor, lateral incisor, and
supernumerary tooth using Endo Access bur no. A0164
(Dentsply Maillefer, Ballaigues, Switzerland). Following pulp extirpation using barbed broaches (Dentsply
Maillefer, Ballaigues, Switzerland) and K-files (Kendo,
VDW, Germany), coronal flaring was done with ProTaper
SX (Dentsply Maillefer, Ballaigues, Switzerland). Working
length was determined with apex locator (Root ZX,
J Morita) and confirmed with radiographs. Cleaning and
shaping was done using ProTaper rotary files (Dentsply
Maillefer, Ballaigues, Switzerland) till F5, ISO size
50 along with circumferential filing. For root canal irrigation, 3 mL of 3% sodium hypochlorite (Vishal Dentocare,
Ahmedabad, India) was used in between instruments.
Canal was thoroughly dried with paper points and filled
with calcium hydroxide medicament, Metapex (Meta
Biomed Co., Korea) for 15 days.
Following 15 days, medicament was removed; canal
was checked for any exudates in the central incisor and
the lateral incisor. Canal was dried and gutta-percha
obturation was completed in the central incisor whereas
an apical plug of 4 mm was placed in the root canal of
fused lateral incisor using mineral trioxide aggregate
(ProRoot MTA, Dentsply Maillefer, Ballaigues, Switzerland) and confirmed with an IOPA radiograph (Fig. 3A).
Coronal access was sealed with a sterile cotton pellet
and a temporary cement (Cavit, 3M ESPE Dental AG,
Seefeld/Oberbay, Germany). After 24 hours, setting of
MTA was confirmed and obturation was completed with
thermoplasticized injection fill gutta-percha (Elements
Obturation Unit, SybronEndo, Orange, CA, USA) and
AH Plus sealer (Dentsply DeTrey, Weybridge, UK). The
access cavity was sealed with composite resin (Filtek
Z350, 3M ESPE, St. Paul, MN, USA) in both central and
lateral incisors.
The patient was not keen for the esthetic management of the anomaly, so only endodontic therapy was
performed. The tooth was completely asymptomatic at
1 year recall visit showing signs of healing (Fig. 3B).

DISCUSSION

Figs 3A and B: (A) Intraoral periapical radiograph showing MTA
apical plug in tooth no. 22; and (B) follow-up IOPA radiograph at
1 year recall

Management of a malformed tooth, such as fusion is often
a challenge to the dentist. Fusion is often confused with
the process of gemination, especially when a supernumerary tooth fuses with a permanent tooth. These two can be
differentiated by the following parameters4:
• Morphology: Gemination results in mirror images of
the coronal halves, whereas fusion takes place at an
angle.
• Anatomy: Fused teeth would mostly have separate
pulp chamber and root canals while geminated teeth
usually have one large pulp canal.
• Location: Fusion is common in mandible but fusion
between a supernumerary and a normal tooth is more
common in maxilla. Gemination is, however, more
commonly seen in maxilla.
• Number of teeth: According to Mader,5 the “two tooth
rule” may be helpful in differentiating fusion from
gemination. If fused teeth are counted as one and the
number of teeth in the dental arch is less, then it may
be considered as fusion. However, when the anomalous
tooth is counted as one and the number of teeth in
dental arch is normal, then it can be either gemination
or fusion between normal and a supernumerary tooth.
In the present case, according to the “two tooth rule”
and the SCT findings, diagnosis of fusion between maxillary lateral incisor and a supernumerary tooth was made.
Fused teeth are generally asymptomatic and sometimes
patient might retain the anomalous structure also without
any problem. However, such double teeth may not only
compromise the function and esthetics but can also
be associated with various problems, such as carious
lesions along the line of fusion or periodontal-endodontic
involvement. Endodontic treatment in such teeth presents
a great challenge to the dentist due to unpredictable root
canal anatomy.
Radiographs are an indispensable diagnostic aid
in endodontics. However, in such cases, conventional
radiographs have limitations primarily because of the
inherent projection of a 3D anatomy into a 2D image,
which leads to superimposition, geometric distortion
of the image, and hence misinterpretation and/or misdiagnosis.6,7 Tachibana and Matsumoto8 found that CT
allowed multidirectional observation of the morphology
of roots, root canals, and the tooth. The newer 3D diagnostic technology of SCT allows to obtain a large volume
of data in seconds and offers more rapid examination
time with the effective dose in the range of 1 to 30 mSv,
which is much less than conventional CT.9 In the present
case, guidelines proposed by Diederichs et al10 were used
that decreased the radiation dosage to 0.56 ± 0.06 mGy,
which is equivalent to a single panoramic radiograph.
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The SCT simultaneously involves the patient translation
through the X-ray source and the continuous rotation of
the source detector assembly. Thus, the raw projection
data acquired by the SCT can be viewed as multiplanar
or 3D reconstructions.11 It also allows for reconstruction
of overlapping structures which, thereby, enhances resolution of small objects.
Mineral trioxide aggregate apical plug of 4 mm was
placed in the fused lateral incisor since it has shown to
have a superior sealing ability, good marginal adaptation,
high degree of biocompatibility, and a reasonable setting
time.12 Moreover, MTA can be used in cases where there
is exudate since it can set in the presence of moisture in
the root canal. This property is important in teeth with
necrotic pulps and periapical lesions. However, in the
present case, calcium hydroxide intracanal medicament
was placed to limit bacterial contamination. The middle
and cervical part of canals were obturated with injection
fill thermoplasticized gutta-percha and a resin sealer to
ensure a 3D obturation.
In the present case, the SCT allowed for complete
understanding of the root canal morphology. This
enabled us to perform a successful cleaning and shaping
and obturation of the complex root canal space. The SCT
has been successfully used in clinical dentistry for confirmatory diagnosis of morphoanatomic aberrations in root
canals.13 In recent years, cone beam CT has emerged as an
innovation in the field of dentistry imaging, allowing for
various 3D reconstructions.14 The new generation equipments permit the visualization of soft and hard tissues,
surpassing conventional images in relation to the linear
measurements of maxillaries, location and extension of
dental resorptions, radicular position, presence of radicular fractures, and diagnosis of bone lesions.

CONCLUSION
Endodontic management of fused teeth may pose a constant challenge for the practitioners because of variations
in root canal anatomy. Newer diagnostic techniques, such
as SCT which provide 3D images should be used in such
cases for better evaluation of the root canal anatomy and
hence a successful endodontic therapy.
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ABSTRACT
Introduction: In India, the trend indicates an increase in oral
health problems especially dental caries, which has been
consistently increasing both in prevalence and in severity.
Children of all age groups are affected by dental caries. It
becomes imperative to collect the data on prevalence of dental
caries and treatment needs to provide preventive care.
Aim: To assess the prevalence of dental caries and treatment
needs of 6-11years old Indian school children.
Materials and Methods: This was a cross-sectional study.
Sampling frame consisted of 6-11years old primary school
children. Study sample consisted of 13,200 children selected
from 10 talukas of Belgavi District, Karnataka, India. Clinical
examination for dmft and DMFT was carried out in the school
premises by five teams, each consisting of one faculty, three

postgraduate students and five interns from the KLE VK Institute
of Dental Sciences, Belagavi, Karnataka, India. The examiners
were trained and calibrated by the principal investigator.
Statistical analysis was done using Chi-square and t-test.
Results: The overall caries prevalence was 78.9%, mean dmft
was 2.97±2.62 and mean DMFT was 0.17±0.53. The decayed
teeth component was the principal component in both dmft and
DMFT indices. The mean dmft in boys was higher compared to
girls and it was found to be statistically significant (p<0.05).
Conclusion: This study provided us with the baseline data,
using which treatment was provided to all the children screened.
The children were provided treatment at the camp site/dental
hospital/satellite centers and primary health care centers
according to the facilities available.

Keywords: Child, DMF index, Epidemiology, India, Tooth

Introduction
Oral health is defined as a state of the mouth and its associated
structures, where there is no disease or pain and able to function
well to masticate food and state of teeth which are of a socially
acceptable appearance [1]. Oral health is integral to general health
and essential for well-being. Dental caries are most common
among the spectrum of oral diseases and are still a major public
health burden in developing countries, affecting 60%-90% of
school children and a number of adults [2].
There is a recent trend of increasing levels of dental caries in most
of the developing countries. This reason could be largely due
to the increased consumption of sugars and reduced exposure
to ﬂuoride. Thus, emphasizing that dental caries is a disease of
children has only been reduced to certain extent, and substantial
improvement in reduction of the disease is not achieved [2].
In India, the trend indicates an increase in oral health problems
especially dental caries, which has been consistently increasing
both in prevalence and in severity over last five decades [3].
Children of all age groups are affected by dental caries and its
treatment is restorative care, which may even include pulp
therapy. As these treatment options are not only expensive, but
also demanding for the child. The best option, which is more
acceptable and economical for the children is – Prevention. Thus,
it becomes imperative to collect the data on prevalence of dental
caries and treatment needs to determine the course of action for
preventive care.
Various studies report varying levels of caries prevalence in India
[3-10]. In the National Oral Health Survey conducted in 2002
[11], the caries prevalence in the 12-year-old school children was
Journal of Clinical and Diagnostic Research. 2016 Oct, Vol-10(10): ZC47-ZC50

52.5%. In 2005 WHO reported DMFT in the 12 year old Indian
children to be in the lower category [2]. However, various studies
across different states reported varying levels of caries prevalence.
Belagavi is one of the major districts in Karnataka, India, comprising
of 10 talukas. No data is available on the current caries status of
the school children.
The present study was conducted to assess the dental caries
status and treatment needs of the 6-11years old school children
of Belagavi district. The data were collected to provide information
and a basic knowledge about dental caries and its treatment needs.
They were also used for planning preventive and restorative oral
health programs in the population studied.

MATERIALS AND METHODS
The present cross-sectional study was a part of District Oral Health
Mission project undertaken by KLE VK Institute of Dental Sciences,
Belagavi, Karnataka, India. Administration of Belagavi District was
divided into 11 talukas or peri-urban areas namely- Belgaum
urban, Khanapur, Saudatti, Athani, Gokak, Nippani, Bailhongal,
Hukkeri, Ramdurg, Raibag and Chikkodi. This multidimensional
project included screening for dental caries, gingival disease,
dental trauma, malocclusion and treatment needs of about 85,000
primary government school children of Belagavi District and all
talukas. However, for this study, only the data on dental caries
and treatment needs of 1200 randomly selected children from
each taluka was analyzed, thus forming a total sample of 13,200
children. Stratified random sampling was followed, age group and
gender was stratified. Sample size was calculated based on our
pilot study where the caries prevalence was 77% using the formula
n= Z2Pq/d2, where z = 1.96, p (prevalence of caries) = 77%, q
47
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(1-p) and d - allowable error = 2.5. Based on this calculation, the
sample size required was 1133, which was rounded off to 1200
per taluka.
Each taluka of Belagavi district have 200-300 primary schools.
A complete list of primary schools in each taluka was obtained
from the Deputy Director of Public Instructions (DDPI), Belagavi
and Chikkodi. Ethical clearance was obtained from the institution.
Permission to conduct the study was granted by the regional,
district educational authorities while consent from the parents and
children was obtained through the head of schools.
A detailed schedule was prepared for screening and treatment of
the government school students. School authorities and parents
were notified in advance about the examination dates so that
maximum number of students can avail the opportunity. A public
notice was given in the local newspaper to maximize attendance.
The dental examination was carried out by five work teams
consisting of one faculty, three postgraduate students and
five interns. The examiners were trained and calibrated by the
principal investigator. The consistency of the examination criteria
was measured by a pre-test done in 50 school children. These
children were not part of the final sample. Inter and intra examiner
agreement was checked using kappa statistics. Intra –examiner
reliability was evaluated by two examinations performed on the
same school children 15 days apart. The results obtained ranged
from 0.79 and 0.85, for the worst and best agreement respectively.
Similarly, inter-examiner reliability yielded a Kappa value of 0.73
and 0.80, for the worst and best agreement respectively.
A self-designed screening form based on WHO oral health
assessment form was prepared and was tested for validity and
reliability in the pilot study. The survey form was divided in four
parts: Socio-demographic data; Chief complaint; Soft tissue
status (gingiva, mucosa and lips); Hard tissue status (caries and
malocclusion).
All the children from the primary schools who were present on the
day of visit were examined. Informed consent from the parents was
obtained by the school teachers and child’s assent was obtained
before the examination. The children were examined on site by
10 examiners who were trained in the use of the examination
methods. Clinical examinations were carried out in the classroom
under natural light with the patient seated on a stool and the
examiner seated on a chair behind the subject. Children were
interviewed by examiners who knew local language, recorded
the socio-demographic data. The WHO method and criteria were
used for recording caries prevalence, dmft, DMFT and treatment
needs of both primary and permanent teeth [12].
All the survey sheets were bundled according to respective
schools and the bundles were numbered. These bundles were
further segregated according to talukas. A total of 10-12 bundles
from each taluka were randomly selected using a table of random
numbers till the required number of 1200 children was obtained.
Thus, the final sample consisted of 13200 children from 11 talukas.
This data were entered into the excel sheets and analyzed using
SPSS for windows, Version 17; SPSS Inc. Chicago, IL, USA. The
means and percentages were calculated and comparison was
done using Chi-square test to find the difference in proportion and
Student t-test to find the difference in mean values.

RESULTS
The present study was conducted to assess the caries status and
treatment needs of the school children of Belagavi district. The
overall mean dmft of the study population was 2.67 and mean
DMFT was 0.16. [Table/Fig-1] shows taluka wise distribution
of dmft and DMFT. The highest dmft and DMFT was found in
Khanapur taluka.
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S.no

Taluka wise

dmft

DMFT

1.

Belagavi

(3567/1200) 2.98

(211/1200) 0.17

2.

Bailhongal

(2554/1200) 2.12

(300/1200) 0.25

3.

Khanapur

(3774/1200) 3.14

(324/1200) 0.27

4.

Gokak

(3625/1200) 3.02

(236/1200) 0.19

5

Nippani

(3196/1200) 2.63

(208/1200) 0.17

6

Athani

(3025/1200) 3.04

(199/1200) 0.16

7.

Saudatti

(2414/1200) 2.01

(207/1200) 0.17

8

Hukkeri

(3504/1200) 2.92

(267/1200) 0.22

9

Raibag

(2785/1200) 2.32

(213/1200) 0.17

10

Chikodi

(2998/1200) 2.49

(246/1200) 0.20

11

Ramdurg

(3347/1200) 2.78

(311/1200) 0.25

[Table/Fig-1]: Distribution of subjects according to dmft and DMFT taluk-wise.

* Proportion and mean DMFT/dmft

The prevalence of dental caries in the primary and permanent
dentition is presented in [Table/Fig-2]. Caries prevalence in primary
dentition was high in the 8-9years old school children. Caries
prevalence in permanent dentition was high in 10-11years old
school children.
[Table/Fig-3] represents the dmft and DMFT indices by age and
gender. The decayed teeth were the principal component in both
dmft and DMFT indices. The mean dmft was high in the 6-7years
age group and mean DMFT was high in the 10-11years age
group.
[Table/Fig-4] shows treatment needs of the children by age and
gender. Treatment need was higher in the boys of 10-11year old
children. The need for one surface filling was frequent in all the
age groups and the entire treatment requirement increased slowly
with age.

DISCUSSION
In the present study, the population was selected from about 300
primary schools, comprising of all the strata like urban, peri-urban
and rural areas. Thus, it can be claimed that this study population
is representative of all school children in this age group.
Among the 10 talukas covered, Khanapur had the highest caries
prevalence. However, caries prevalence was not too deviating
from other talukas as almost all had similar prevalence rates. This
could be attributed to lack of awareness about oral health among
the people in these areas.
The present study revealed the overall prevalence of dental caries
among 6-11year school children in primary teeth was 78.9%. This
is higher when compared to caries prevalence in other countries like
Sri Lanka (65.3%), China (41%), South Africa (39.7%) and United
States (41%) [13-16]. This was similar to the studies conducted in
different parts of India [9,10-19]. The 8-9years old school children
had higher caries prevalence in primary teeth, because caries is a
cumulative process and children were observed to have preference
to caries prone foods available near the school premises. The
overall prevalence of dental caries in the permanent teeth was
44.3%, this was found to be on the higher side compared to the
study conducted in Tamil Nadu and lower compared to another
study where the prevalence was 65.8% [9,20]. The 10-11years
age group mainly contributed to this higher overall prevalence,
which is a sign of continued negligence of oral health, which was
also evident in the caries status of primary teeth as it followed the
trend shown in primary teeth. Varying level of prevalence of caries
is reported among 12years old children from different places of
India 34.3% in Ambala and Bharatpur city around 53%, 41.4%
in Hyderabad and 32.6% in Shimla [21-24]. This indicates other
factors like availability of dental services and awareness level could
be the reason for wide variation in level of disease in same age
group.
Journal of Clinical and Diagnostic Research. 2016 Oct, Vol-10(10): ZC47-ZC50
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Age and Gender
n=13200

Primary tooth

n

%

n

%

6-7 years
Boys
Girls
Total

2503

47.1

1853

74.1

2821

52.9

2217

78.5

5324

100

4060

76.3

8-9 years
Boys
Girls
Total

1749

48.9

1451

82.9

1835

51.1

1536

83.7

3584

100

2987

83.3

10-11 years
Boys
Girls
Total

2260

52.7

1789

79.1

2032

47.3

1524

75.0

4292

100

3313

77.1

Permanent tooth

Chi-square

p-value

15.3(2)

<0.0001*

0.35(2)

10.51(2)

0.55

0.001*

n

%

478

19.0

513

18.1

991

18.6

824

47.1

882

48.0

1706

47.6

1542

68.2

1355

66.6

2897

67.4

Chi-square

p-value

0.72(2)

0.39

0.32(2)

0.56

1.16(2)

0.28

[Table/Fig-2]: Caries prevalence in primary teeth and permanent teeth according to age and gender.
*Statistical significance p<0.05using Chi-square test

Indices

6-7years

8-9years

10-11years

Boys

Girls

Total

Boys

Girls

Total

Boys

Girls

Total

d

2.72±1.93

2.53±1.87

2.62±1.90

2.89±1.89

2.49±2.13

2.69±2.01

2.47±2.73

2.14±2.91

2.30±2.82

m

0.41±0.46

0.37±0.41

0.39±0.43

0.18±0.24

0.27±0.64

0.22±0.44

0.51±0.71

0.42±0.86

0.46±0.78

f

0.10±0.21

0.08±0.32

0.09±0.27

0.08±0.51

0.18±0.59

0.13±0.55

0.11±0.43

0.16±0.61

0.13±0.52

dmft

3.23±2.60

2.98±2.60

3.10±2.60**

3.15±2.64

2.94±2.56

2.99±2.58*

3.09±2.86

2.72±2.58

2.83±2.67**

D

0.09±0.34

0.12±0.41

0.10±0.37

0.12±0.38

0.14±0.41

0.13±0.39

0.24±0.58

0.19±0.61

0.21±0.59

M

0.01±0.09

0.02±0.08

0.01±0.08

0.02±0.11

0.01±0.12

0.02±0.11

0.05±0.21

0.05±0.31

0.05±0.26

F

0.00±0.03

0.00±0.06

0.00±0.04

0.00±0.03

0.00±0.06

0.00±0.04

0.01±0.07

0.00±0.11

0.00±0.09

DMFT

0.10±0.40

0.14±0.45

0.12±0.43*

0.14±0.44

0.15±0.51

0.15±0.49

0.30±0.66

0.24±0.64

0.26±0.64**

[Table/Fig-3]: Distribution of dmft and DMFT according to age and gender.
**Statistical significance p<0.001 using t-test, *Statistical significance p<0.05 using t-test

Treatment needs
Age and
Gender

No
treatment

Preventive

Fissure
sealant

1
surface
filling

2 or
more
surface
filling

Pulpal
care

Extraction

6-7 years
Boys
Girls
Total

28.3

14.5

12.2

22.6

8.2

8.3

3.5

32.1

15.1

10.2

24.4

9.2

6.1

5.7

30.2

14.6

11.2

23.5

8.7

7.2

4.6

8-9 years
Boys
Girls
Total

19.3

15.1

11.6

26.5

9.1

10.1

6.1

17.5

15.8

14.8

28.9

9.9

8.3

7.1

18.4

15.4

13.2

27.7

9.5

9.2

6.6

10-11
years
Boys
Girls
Total

9.8

15.6

17.7

35.1

8.3

10.9

10.3

11.6

13.2

14.5

27.3

7.5

9.3

8.9

10.7

14.4

16.1

31.2

7.9

10.1

9.6

[Table/Fig-4]: Treatment needs by age and gender.

The overall mean dmft was 2.97 in this study population and DMFT
was 0.17. The mean dmft in girls were 2.88 and boys were 3.15.
A study by Ingle et al., found a higher mean DMFT of 7.61 [22].
Similar results were found in studies conducted in India [9,10].
The explanation for boys having higher mean dmft was due to
parental preference to feed sons for a longer time compared to
girls [10]. The mean dmft decreased as the age increased and
was also evident within the sex. This is natural as the deciduous
tooth exfoliates and it also explains why the dmft is lower in the
10-11 years old age group. The decayed component was the
major contributor to the dmft. The ratio of dt:dmft, mt:dmft and
ft:dmft was 85%, 11.7% and 3.3% respectively. This reveals the
high unmet treatment needs among the subjects. This could be
attributed to poor knowledge and awareness towards oral health
and also due to lack of dental facilities to avail treatment.
The mean DMFT was lower compared to the reports from other
states of India, which examined 12years old. This comparison
can be argued to be valid as there may not be much difference
between the 11years old and 12years. Similar trend of increasing
DMFT with age was observed as seen in dmft. This is due to the
Journal of Clinical and Diagnostic Research. 2016 Oct, Vol-10(10): ZC47-ZC50

irreversibility and accumulative nature of the disease. The mean
DMFT was higher in females compared to males and similar in all
the age groups. This could be explained by the fact that teeth in
girls erupt earlier and thus, contact the disease earlier than boys.
However, there is recently some evidence to suggest that the
higher caries susceptibility among females may also be attributable
to changes in salivary rates and composition induced by hormonal
fluctuations among females [25]. The ratio of DT:DMFT, MT:DMFT
and FT:DMFT was 82.3%,11.7% and 5.8% respectively, following
similar trend like primary counterpart.
Future prospects: Such major projects may be effective in
treating the dental caries of only particular geographical region and
limited coverage; the underlying problem should be addressed
by emphasizing on prevention of dental caries, which could save
lot of resources from a public health perspective. Community
based preventive oral health programs on practices of adequate
oral hygiene should be implemented. School program should be
promoted through integration into the school curriculum and oral
health care preventive services to target the growing problem of
dental caries among school children.

LIMITATION
The limitation of this study includes our inability to investigate the
other factors contributing to caries like oral hygiene practices,
sugar consumption and attitude toward dental services. These
factors along with the fluoride level in the water consumed by these
children could have provided us with a thorough data regarding
dental caries.

CONCLUSION
The present study showed decayed component constituting the
major part both in caries prevalence of primary and permanent
teeth. Thus, the need for restorative care like filling and pulpal
care formed the bulk of treatment needs. The treatment needs
also increased with age similar to the pattern of increasing caries
with age and also involvement of permanent teeth in older agegroup children. This study provided us with the baseline data,
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using which we had planned out an extensive treatment program
for all the children examined. Treatment was provided to all these
children screened, through various satellite centers and also in
collaboration with government hospitals.
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Diagnoses of 964 oral biopsies from people aged over 50 years
in Karnataka State, India
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Diagnoses of 964 oral biopsies from people aged over 50 years in Karnataka State, India
Introduction: The drastic epidemiological transition has created a huge void in evidence with regard to
the health statistics of elderly population. Data are sparse on the oral mucosal conditions prevalent
among the elderly Indian population. This study aimed to review the oral biopsies reported in the institute over the last 21 years and to examine the trends in geriatric oral pathologies.
Methodology: A total of 964 histologically confirmed geriatric (age ranging 50–97 years) oral lesions
among 4000 cases reported were retrieved from the files of Department of Oral Pathology and Microbiology of KLE VK institute, Belgaum, Karnataka commencing since 1992 till 2012. These cases were retrospectively evaluated for various parameters such as age, gender, duration, location and type of lesions.
Results: The geriatric oral lesions were seen to occur predominantly in men (65%), especially the sixth
decade of life (47%). The most common location was the buccal mucosa (29%). The malignant neoplastic lesions accounted for the majority of the geriatric lesions (36%) followed by non-neoplastic lesions
(27%), potentially malignant disorders (26%) and benign neoplasms, which formed a minor proportion
of (11%). The oral squamous cell carcinoma was the single most common geriatric lesion accounted.
Gender and age-wise correlation analyses among the various lesion categories showed statistical
significance.
Conclusion: The study provides valuable information about major oral pathologies in our scenario that
contribute to significant morbidity and mortality among the geriatric population. It also sheds light about
the diseases that need to be targeted in future Indian public health policies and initiatives for geriatric
care.
Keywords: geriatric, ageing, oral mucosal lesion, oral biopsy, oral cancer.
Accepted 4 July 2014

Introduction
A rise in the geriatric population is an inevitable
trend that has been observed in the developed
countries with an enormous amount of resources
being directed to target the well-being of this
group of people1. This demographic transformation over the recent decades is not restrained to
the developed world and has gradually evolved
into a global trend. Based on various statistics and
demographic information; the era between 1975
and 2025 has been projected as the ageing era by
the United Nations Organization (UNO)1,2. India is
one of the key nations which faces this drastic rise
in ageing population and the projected demographics demonstrate that by 2050; more than 323
million people (equalling US population in 2011)

will be above the age of 603. In the developing
countries, this transition poses significant challenges on health care as there is a huge void in
the data and resources required to deal with this
imminent boom in senescent population.
The oral cavity frequently gives an insight into
the general health of a person, and examination of
the oral cavity is considered a mandatory diagnostic step in every clinician’s routine. Further, the
oral cavity often exhibits the early signs associated
with most diseases, making it an ideal and
easy location to examine in epidemiological
surveys. Oral mucosal changes including atrophy,
decreased cellularity and turnover leading to
dryness of mouth, burning sensation, salivary
gland changes such as fatty degeneration, fibrosis
predisposing to decreased salivation, increased
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caries, periodontitis and edentulousness are some
of the common changes reported in the older
indivduals4,5. Increased incidences of various oral
pathologies are also known to occur in old age6–8;
however, limited studies regarding their incidences
have been performed in India. Many studies
throughout the world have assessed oral pathologies based on clinical presentation and denture
association6–9; however, studies with histological
confirmation are extremely rare10–12. Although
these clinical reviews provide valuable information
about the oral pathologies seen in geriatric population, they have disadvantages because the diagnosis is not precise and the stage of the pathology is
not recognised. This is of serious consequence
especially in the Indian scenario where oral cancer
and pre-cancers are widespread and early identification and confirmation with histopathology has a
pivotal role in implementation of the treatment
strategies. Thus, both clinical and histological data
complement one another and give valuable information for identification of major challenges associated with geriatric population.
Further, clinical and histological oral pathology
surveys in various parts of the world have identified that the oral lesions and intervention strategies vary greatly among the various countries,
regions and hospitals6–12. Few studies across the
world have documented histological presentations10–12, but in India, it is nonetheless, shocking
to note that till date, there is no review about
geriatric oral pathology trends. The differences in
socioeconomic status, the presence of tobacco and
quid chewing habits predict that the oral lesional
profile of this ageing population may be diverse.
The World Health Organization in 1963 proposed middle age group as 45–59 years, elderly
age group as 60–74 years and aged as more than
75 years13. The exact age for ageing is, however,
not precise as it is noted that in many countries,
the biological ageing process is faster due to varying economic condition, increased lifestyle disorders, infectious diseases and other factors13–15.
The low income nations such as India are faced
with what has been termed as the ‘double burden
of disease’, where the nation has to combat the
difficulties posed by both infectious diseases such
as HIV, tuberculosis and malaria and the lifestyle
diseases such as malnutrition, hypertension, diabetes mellitus, obesity, cancer, leading to a significant decrease in the health of an individual above
the age of 5013,15,16. In several recent projects
such as MDS project in Africa and the recent multicentric study performed by WHO-SAGE collaboration, an age group of above 50 was taken as the

working definition of old age14,15. Similarly, in
this study, we have categorised above 50 years as
the working age group in understanding geriatric
oral pathologies. We believe that this expansion
of the target age group helps in an early initiation
of diagnostic, counselling and preventive services
for the geriatric patients with oral lesions.
Further, the biopsy survey presents with reliable and accurate diagnosis of geriatric oral health
data. Some of these pathologies often result in
serious outcomes, and thus, early recognition and
treatment of these conditions can aid in significant reduction in the mortality and morbidity in
geriatric patients. This study aimed to review the
oral biopsies reported in patients aged more than
50 years who have reported to the institution
over the last 21 years to examine the patterns in
geriatric oral pathologies.

Materials and method
After obtaining institutional ethical clearance, an
analysis was made of the clinical data and histopathological diagnosis between 1992 and August
2012 of elderly patients (above the age of 50)
retrieved from the files of the Department of Oral
Pathology and Microbiology of KLE VK Institute
of Dental Sciences located in Belgaum district of
Karnataka State, India. The biopsies were performed on patients attending the hospital in Belgaum City, Karnataka State, for a routine dental
check-up or with specific complaints. The patients
were screened in the Oral Medicine Department
and referred to the Department of Oral Pathology
for the biopsy of the oral lesions. The population
attending the hospital lives mostly in Belgaum
City and surrounding villages such as Gokak, Hukkeri, Koppa, Vakkund and Kakti.
A total of 964 histologically confirmed geriatric
oral lesions among 4000 cases (both soft tissue
and intraosseus lesions) reported by the Department of Oral Pathology, KLE VK Institute of Dental Sciences were retrieved, and data related to
the patients’ age, sex, location of the lesion, clinical diagnosis and histopathological diagnosis were
tabulated. The lesions were categorised into
malignant neoplastic lesions, non-neoplastic
lesions, potentially malignant disorders and
benign neoplastic lesions17,18. These categories
were further subdivided into the various categories as depicted in Table 2. The number of malignant neoplasms being biopsied would certainly be
more due to their serious nature as compared to
benign fibrous hyperplasia or reactive lesions,
which even though surgically excised are often

© 2014 John Wiley & Sons A/S and The Gerodontology Association. Published by John Wiley & Sons Ltd

Geriatric Oral Pathology

not sent for histopathological examination due to
their obvious benign nature unless there is a
suspicion of malignancy. The various clinical and
histological groups were studied using frequency
and percentage parameters. The gender and agewise association between the various lesion
groups were discerned using the chi-squared test.
Further, adjusted residual analysis was also performed, which demonstrates the direction and the
strength of association between the variables. A
larger AR(>2) provides evidence of association in
that cell.

Results
The data retrieved were arranged year-wise, and a
progressive increase in the geriatric pathologies
was observed with only around 15 cases reported
in 1991, while 119 geriatric cases were reported
in 2011. The sample of 964 elderly individuals
consisted of 629 (65%) men and 335 (35%)
women. The ages analysed ranged from 50 to
97 years with an average of 59.96 (8.29) years.
It was noted that the oral lesions were more prevalent in patients of sixth decade (Table 1). The
location of the lesions was studied, and the buccal
mucosa was the most common site (29.2%) with
other predominant sites being intraosseous lesions
(27.7%), tongue (9.4%) and vestibule (8.8%).
Mandible (19%) was more frequently affected as
compared to the maxilla (9%) in the intraosseous
sites.
Histopathologically, the lesions were classified
into four main groups in which malignant neoplastic lesions(MN) formed the major contributor
to the geriatric lesions (36%) followed by nonneoplastic (NN)(27%), potentially malignant disorders (PMD) (26%) and benign neoplasms (BN),
which formed a minor proportion of (11%). The
subclassifications within these main lesion groups
were also attempted and are described in Table 2.
Among the malignant neoplasms, the malignant
Table 1 Distribution of lesions by age group in 964 oral
biopsies from people aged more than 50 in Karnataka
State, India.
Distribution
Age range (Years)

Number

Percentage

50–59
60–69
70–79
80–89
90–99

453
368
109
27
7

47
38
109
27
7

3

Table 2 Distribution of diagnosis by general categories
among 964 oral biopsies lesions from people aged more
than 50 in Karnataka State, India.
Percentage
Lesion categories

Number

Group

Total

Malignant neoplasms
Oral epithelial
Odontogenic carcinomas
Mesenchymal sarcomas
Salivary gland carcinomas
Potentially Malignant Disorders
Hyperkeratosis
Dysplasia
Oral submucous fibrosis
Lichen planus
Lichenoid reaction
Carcinoma in situ
Verrucous hyperplasia
Non-neoplastic conditions
Odontogenic cysts
Non-odontogenic cysts
Mucocutaneous lesions
Reactive lesions
Infective lesions
Normal
Benign neoplasms
Benign epithelial
Benign odontogenic
Benign salivary gland
Benign mesenchymal

350
328
4
9
9
246
48
110
14
44
8
15
7
250
46
7
10
118
69
10
108
0
37
4
67

100
94
1
2.5
2.5
100
19
45
6
18
3
6
3
100
18
3
4
45
26
4
100
0
34
4
62

36
34
0.4
0.9
0.9
26
4.9
11.4
1.5
4.5
0.8
1.6
0.8
26
4.8
0.7
1
12.3
7.2
1
11
0
3.7
0.4
6.7

oral epithelial neoplasms (94%) demonstrated the
highest frequency, while no benign epithelial
tumours were encountered in the present geriatric
sample studied. Reactive lesions were the most
common non-neoplastic lesions in this study
(46%). In benign neoplasms, the mesenchymal
tumours showed the highest prevalence (62%)
and in potentially malignant group, epithelial dysplasia was the most common diagnosis. All the
lesions were finally assessed together, and the top
5 predominant lesions to occur in the oral cavity
of a geriatric adult were squamous cell carcinoma
(30%), epithelial dysplasia (11%), fibrous hyperplasia (7%), hyperkeratosis (4%) and non-specific
inflammations (4%) (Table 4) However, the possibility of fibrous hyperplasia not being biopsied or
not being subjected to histopathological examination due to their benign nature in comparison
with the malignancies could be an important
limitation for the observed result. Chi-squared test
revealed a statistically significant difference
between the main lesion groups and age ranges
and gender distribution (Table 3). Gender-wise
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Table 3 Associations between diagnoses of 964 oral lesions and the age and sex of the patients in Karnataka State,
India.
Number (% and AR)

Age*
50–59
60–69
70–79
80–100
Sex**
Male
Female

Non-neoplastic lesions

Benign Neoplasms

Potentially Malignant
Disorders

Malignant Neoplasms

118
89
41
12

61
33
10
4

126
98
19
3

148
148
40
14

(12.2; 0.62)
(9.2; 1.52
(4.2;2.57*)
(1.2;1.23)

147 (15.2; 3.43**)
113 (11.7;3.43**)

(6.3;2.12*)
(3.4; 1.72)
(1; 0.74)
(0.4;0.11)

47 (4.9; 5.01**)
61 (6.3;5.01**)

(13;1.56)
(10;0.62)
(2; 2.11*)
(0.3; 2.20*)

185 (19.1;3.80**)
61 (6.3; 3.80**)

(15.4; 2.23*)
(15.4;1.96)
(4; 0.02)
(1.5;0.77)

250 (26;3.02**)
100 (10.3; 3.02)

AR – adjusted residuals.
Age – chi-squared test = 21.92, degree of freedom = 9, p = 0.009 (significant).
**
Sex – chi-squared test = 47.836, degree of freedom = 3, p = <0.001 (significant).
*

lesion association analysis showed statistical significance with benign neoplasms and non-neoplastic
lesions occurring proportionately higher in
women. On the contrary, the malignant neoplasms
and potentially malignant lesions were drastically
higher in males. Age-wise distribution of cases
shows a progressive decrease in the number of geriatric cases in each progressive decade. The malignancies were the most common lesions in each
decade with a large incidence of potentially malignant disorders in the sixth decade. The age-wise
and gender-wise association analyses with the
major lesion types demonstrated a statistical significance (p < 0.001). The adjusted residual analysis
demonstrated that the non-neoplastic lesions were
significantly more prevalent in the age groups of
70–79 and the benign neoplasms in the age groups
of 50–59 and potentially malignant disorders were
significantly less observed in the age groups of
70–79 and 80–89,while the malignant neoplasms
were significantly more in the age groups of 50–59.
In the gender association of the lesion groups,
the non-neoplastic lesions and benign neoplasms
were significantly more in the females, while the
potentially malignant disorders and the malignant neoplasms were predominant in the males
(Table 3).

Discussion
Geriatric needs with respect to oral pathologies
are often neglected in India, which could be
attributed to lower socio-economic status, general
ignorance among the public and lack of epidemiological data among the policy makers and healthcare professionals. The present retrospective study
analyses biopsy data of elderly patients over the

last 21 years, which is a significantly lengthy period as compared to other studies performed till
date10–12. Our study is the first of its kind in the
Indian population, and also, the age parameters
used in classifying the ageing population are different from other geriatric population surveys. A
population above the age of 50 was analysed taking into account the early biological ageing that is
seen in the Indians due to lower socio-economic
status and double burden of disease13,15. Further,
the life expectancy at birth and health life expectancy at birth (HALE) are significantly less in contrast to the developed world16, so consequently,
to understand and target the pathologies at an
early stage, the geriatric age group was expanded
to above 50, which is in coherence with another
study taken up among the ageing population by
WHO14,15.
Significant gender differences were noted with
most geriatric oral pathologies demonstrating
higher incidence in males than in females. The
lower female sex ratio, conservative lifestyle
among the women which prevents them to
approach a diagnostic centre and relatively lesser
tobacco habits amongst women (for tobaccorelated pathologies), may be responsible for this
finding. In a fact sheet released by WHO, it was
seen that tobacco habits were significantly higher
among males (48%) in comparison with females
(20%)19. Tobacco-related lesions were the most
common lesions identified in the present study,
and males may be more affected because of the
higher tobacco usage among males as well as
usage of comorbid factors such as alcohol19. These
findings are in contrast to the other geriatric populations, where the female elderly individuals
were found to be more susceptible to oral
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lesions6,10–12. Gender-wise association analysis
with type of lesion showed statistical significance
with benign neoplasms and non-neoplastic lesions
occurring proportionately higher in women. On
the contrary, the malignant neoplasms and potentially malignant lesions were drastically higher in
males, which may again be because of the tobacco
habits. Thus, when dealing with oral lesions in
Indian elderly adults, gender-wise differences
must be taken into account and emphasis should
be on counselling and early diagnosis of potentially malignant disorders in males. With regard to
females, education about oral pathologies and
importance in bringing forth their oral problems
to the health centre at an early stage must be
instructed.
On analysing the age, surprising results were
recorded with people in their fifties showing the
maximum oral pathologies. The lesion that was
most predominant in this age group was found to
be oral squamous cell carcinomas and potentially
malignant disorders such as leukoplakia and erythroplakia. In the present study, it was seen that
the relative proportion of carcinomas increased in
the seventh decade, while contrastingly, the
potentially malignant disorders showed significant
decrease (Table 4). Further, age-wise analysis
with type of lesion showed statistical significance,
suggesting that the lesion types in the various
geriatric age groups are different and more attention needs to be given to target particular lesions
in particular age groups. Most of the other surveys have identified the highest incidences of
cases in the elderly population during the seventies which is in drastic contrast to our population7,20. This fifties age group has not been
analysed in the assessment of geriatric cases previously; however, the high rates of potentially
malignant disorders and cancers in this decade
suggest that prevention and intervention modalities targeted in this age group will significantly
help reduce the morbidity and mortality at a later
stage. There was a decrease in prevalence of oral
lesions with increasing age, which is similar to
the findings of other authors7,9,12,20. Another possibility would be that the number of patients with
increasing age approaching our hospital itself may
be less as they may be ignoring the lesion due to
their advanced age or due to their inability to
come to the hospital.
Most of the lesions that were biopsied had a
long history as most patients failed to report the
swellings or ulcers at an early stage due to ignorance, lack of pain in many cases, hesitation
among the people to visit the health centre and

5

Table 4 Distribution of specific diagnoses among 964
oral biopsies from patients attending an oral biopsy service in Karnataka State, India.
Lesion categories

Number

Percentage

Malignant epithelial Neoplasms
Squamous cell carcinoma
Verrucous carcinoma
Transitional cell carcinoma
Undifferentiated cell carcinoma
Melanoma
Spindle cell carcinoma
Malignant odontogenic
Neoplasms
Ameloblastic carcinoma
Malignant mesenchymal
Neoplasms
Non-Hodgkin lymphoma
Osteosarcoma
Malignant soft tissue tumour
Malignant salivary gland
Neoplasms
Epithelial myoepithelial
carcinoma
Cylindroma
Carcinoma ex pleomorphic
adenoma
High-grade mucoepidermoid ca
High-grade ductal carcinoma
Adenocarcinoma
Acinic cell carcinoma
Undifferentiated carcinoma
Basal cell adenocarcinoma
Odontogenic cysts
Apical periodontal cyst
Residual cyst
Dentigerous cyst
Sialo-odontogenic cyst
Non-odontogenic cysts of jaws
Nasolabial cyst
Extravasated mucocele
Reactive lesions
Chronic hyperplasia
Pyogenic granuloma
Chronic granuloma
Healing granulation tissue
Infective lesions
Chronic non-specific infection
Periapical granuloma
Chronic osteomyelitis
Chronic inflammation of
maxillary sinus
Acute herpetic stomatitis
Fungal Infection
Chronic sialadenitis
Vesiculobullous lesions
Pemphigus

328
294
28
2
2
1
1
4

34.02
30.4
2.9
0.2
0.2
0.1
0.1
0.4
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4
9

0.4
0.9

6
2
1
9

0.6
0.2
0.1
0.9

1

0.1

1
1

0.1
0.1

1
1
1
1
1
1
46
40
2
2
2
7
1
6
118
76
35
5
2
69
37
13
8
5

0.1
0.1
0.1
0.1
0.1
0.1
4.7
4.1
0.2
0.2
0.2
0.7
0.1
0.6
12.2
7.6
3.5
0.5
0.2
7.1
3.7
1.3
0.8
0.5

3
2
1
10
6

0.3
0.2
0.1
1.03
0.6
(continued)
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Table 4 (continued)

Lesion categories

Number

Benign mucous membrane
pemphigoid
Erythema multiforme
Benign odontogenic neoplasms
Keratocystic Odontogenic
Tumour
Ameloblastoma
Ameloblastic fibroma
Calcifying epithelial
odontogenic tumour
Clear cell odontogenic tumour
Odontomas
Benign soft tissue neoplasms
Fibroma
Peripheral giant cell granuloma
Giant cell fibroma
Lipoma
Cemento ossifying fibroma
Aggressive fibromatosis
Cancellous osteoma
Caverous haemangioma
Haemangioma
Chondromyxoid fibroma
Lymphangioma
Neurofibroma
Schwanomma
Solitary neurofibroma
Verruciform xanthoma
Benign salivary gland Neoplams
Pleomorphic adenoma
Clear cell oncocytoma
Potentially malignant Disorders
Hyperkeratosis
Dysplasia
Oral submucous fibrosis
Lichen planus
Lichenoid reaction
Carcinoma in situ
Verrucous hyperplasia
Normal

Percentage

3

0.3

1
37
17

0.1
3.8
1.7

12
1
2

1.2
0.1
0.2

1
4
67
27
9
7
6
5
2
2
2
1
1
1
1
1
1
1
4
3
1
246
48
110
14
44
8
15
7
10

0.1
0.4
6.9
2.8
0.9
0.7
0.6
0.5
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.4
0.3
0.1
25.5
4.8
11
1.4
4.4
0.8
1.5
0.7
1.03

poor finances. On analysis of the location, the
buccal mucosa was the predominant site, followed
by intraosseous lesions, tongue and vestibule. The
buccal mucosa, tongue and vestibules may be predisposed to mucosal alterations due to quid and
tobacco-chewing habits prevalent in our study
population. The quid along with its constituents
after chewing is placed in the buccal vestibular
area for prolonged duration making these areas
susceptible to mucosal alterations. The other surveys have recorded tongue, denture areas and
gingiva as more common locations of geriatric
oral pathologies. Some of the cases showed synchronous and metachronous appearance of

tumours and PMD, which is attributed to the field
cancerisation phenomenon observed. Tobaccochewing habits and elderly oral mucosa are prone
to the phenomenon of field cancerisation wherein
in addition to the referral lesion; adjacent and distant mucosal lesions exist synchronously or
develop metachronously.
On studying the various lesion groups, it was
noted that malignancies and potentially malignant
disorders (PMD) were the most predominant
lesions and they envelop a huge margin of geriatric cases (62%) reporting to the institution of
which malignant epithelial neoplasms such as oral
squamous carcinoma (94%) account for the major
group of lesions. Frequent mutations and hypomethylation of the DNA known to occur in
ageing population, are predisposing factors for
tumour cell transformation and oncogene activation, thereby favouring tumorigenesis2. Studies
have also shown that old are more likely to
develop cancer2. Head and neck oral squamous
cell carcinoma is rising rapidly in India, and with
the concurrent rise in geriatric population, geriatric oncologies are likely to be the most formidable
mortality factor in future. Urgent steps including
early diagnosis and prevention in the early ageing
periods are necessary to counter this situation.
The treatment strategies and more specific geriatric care necessary for elderly patients with cancer
further need to be addressed. The most common
causes for oral carcinomas our geriatric population
were associated with tobacco use; however, a few
cases were also related to trauma and denture
related trauma, which constituted a very small
percentage of the cancer etiopathogenesis.
The next predominant lesion group of concern
was potentially malignant disorders, which were
histologically classified as epithelial dysplasia.
Although this group is closely related to malignant lesion, they were categorised separately to
understand the age differences in their occurrence
and for the purpose of development of intervention strategies. Amongst PMD, epithelial dysplasia
(45%) was the most commonly given diagnosis
followed by hyperkeratosis (19%) and lichen planus (18%). The handling of potentially malignant
disorders is far simpler as compared to malignant
lesion, and diagnosis at an early stage will
improve the chances of survival and quality of life
of the patient.
Among the non-neoplastic lesions (27%), reactive lesions (45%) were the most frequent, that is,
fibrous hyperplasia which included epulis fissuratum and other irritation related hyperplasia. This is
in accordance with histopathological analysis by
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Carvalho et al. and Correa et al.10,12 in Brazilian
population. The infective lesions were the second
most common lesions seen in non-neoplastic conditions. Geriatric patients are often susceptible to
trauma and systemic conditions such as diabetes
mellitus, and immunosuppresion further causes a
delay in wound healing and makes them prone to
infection. The odontogenic cysts (18%) and nonodontogenic cysts (3%) accounted for a lesser proportion of non-neoplastic lesions. Mucocutanaeous
lesions such as pemphigus vulgaris were also noted
among this age group (4%).
In the present study, the benign neoplasms
accounted for the fewest number of geriatric
pathologies. Within benign neoplasms, the soft
tissue tumours (67%) accounted for the most
number of lesions followed by benign odontogenic (37%) and salivary gland tumours (4%).
The fibromas were the predominant lesions identified. There was no epithelial benign neoplasm
reported in our study which is in contrast to Correa et al.12 where a small proportion of benign
epithelial tumours have been reported.
On overall analysis, the top 5 predominant
lesions to occur in the oral cavity of a geriatric
adult were squamous cell carcinoma (30%), epithelial dysplasia (11%), fibrous hyperplasia (7%),
hyperkeratosis (4%) and non-specific inflammation (4%). Most of other clinical studies6–8 show
a high incidence of inflammatory and benign
fibrous proliferations as the most common lesions
identified in geriatric patients in contrast to squamous cell carcinoma identified in our study.
Among the histopathological studies, which are
performed in other countries, it was again noted
that inflammatory fibrous hyperplasias were the
most common diagnosis10–12. As previously mentioned in our methodology, the possibility of fibrous
hyperplasia not being subjected to histopathological
examination due to their benign nature in comparison with the malignancies could be the reason for
the increased incidence of malignancy noted in our
study. Considering this limitation, the increased
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ABSTRACT
Introduction: Microorganisms, predominantly Enterococcus
Faecalis are found responsible in the progression of pulpal,
periradicular diseases and in endodontic failures. Unsuccessful
conventional treatment might necessitate the need for a surgical
approach; where in retrograde restorative materials are used
to seal the apex. Among the root end filling materials, Mineral
Trioxide Aggregate (MTA) is considered biocompatible and is
most commonly used in clinical applications but it has limited
antibacterial activity. Metallic silver and chlorhexidine have been
added into various dental materials to enhance the antibacterial
activity.
Aim: This study aimed to compare the antibacterial effect
of MTA, MTA mixed with silver zeolite and MTA mixed with
chlorhexidine against Enterococcus Faecalis.

Materials and Methods: Test materials used in the study were
divided into three groups namely Group 1- MTA , Group 2-MTA +
Silver Zeolite , Group 3-MTA + Chlorhexidine. Direct contact test
was done by placing a standardized suspension of Enterococcus
Faecalis on the test materials in a 96 well microtiter plate. The
bacterial growth was measured spectrophotometrically using
ELISA reader at intervals of one, three and seven days.
Statistical Analysis: Data was collected by recording the
optical density and analyzed using two-way ANOVA and Tukey’s
multiple post hoc test followed by paired-t test.
Results and Conclusion: All test groups showed antibacterial
activity against Enterococcus Faecalis at day one, three
and seven. MTA with silver zeolite showed the maximum
antibacterial activity followed by MTA with 2% chlorhexidine.
The least antibacterial effect was shown by MTA mixed with
sterile water.

Keywords: Antibacterial additives, Direct contact test, Enterococcus faecalis, Root end filling materials

Introduction
The endodontic treatment aims at cleaning, shaping followed
by complete obturation of the root canal system [1]. Failure after
endodontic therapy is due to persistent or secondary infection
especially of Enterococcus Faecalis in poorly and in well treated
root canals [2]. Surgical intervention aims to remove the infected
root end and ensure good root canal sealing using root end filling
materials. Among the numerous root end filling materials available
MTA is most frequently used and has shown long term clinical
success [3]. However some studies showed MTA to have no effect
or to delay the growth of Enterococcus Faecalis [4-6].
Incorporation of certain additives like metallic silver and
chlorhexidine has shown to enhance antibacterial properties of
various dental materials [7, 8]. So the purpose of the study was
to assess whether incorporation of these additives enhance the
antibacterial efficacy of MTA especially against E. Faecalis.
Antibacterial efficacy of root end filling materials can be evaluated
using agar diffusion test, however it was found to be insensitive
and unable to differentiate with bactericidal or bacteriostatic ability
[9]. Therefore a more appropriate, quantitative and reproducible
test such as direct contact test would be more appropriate [10].
So the present study aimed to evaluate the antibacterial effect
of MTA, MTA mixed with silver zeolite and MTA mixed with
chlorhexidine against Enterococcus Faecalis using direct contact
test.

MATERIALS AND METHODS
This in vitro study was conducted in Department of Conservative
Dentistry and Endodontics in collaboration with Department of
Microbiology, KLE’s VK Institute of Dental Sciences, Belgaum,
Karnataka, India in the year 2013.
Journal of Clinical and Diagnostic Research, 2016.

The study had three main groups based on the addition of
antibacterial agents to MTA as follows:
Group 1: Mineral Trioxide Aggregate (ProRoot MTA, Dentsply.)
was dispensed and mixed with sterile distilled water in the ratio of
1:1 as the control group.
Group 2: Powder form of silver zeolite (Sigma Aldrich Chemie
GmbH, Germany, Batch #06306CJ.) was added at 2% mass
fraction to Mineral Trioxide Aggregate powder and mixed with
sterile distilled water.
Group 3: Mineral Trioxide Aggregate was mixed with 2%
chlorhexidine (V – Consept) in 1:1 ratio.
Test Microorganism
Enterococcus Faecalis (ATCC 29212) was grown on brain
heart infusion agar plate and then sub-cultured on nutrient agar
medium. After confirming the purity of the strain, the bacterial
suspension was inoculated into 5ml of 85% saline and adjusted
spectrophotometrically at 800nm to match the transmittance of
90T (equivalent to 0.5 McFarland scale =1.5x108 C.F.U) [11].
Direct Contact Test [10]
Direct contact test is based on determining the turbidity of bacterial
growth in 96 well microtiter plates. In the present study all the test
materials were freshly mixed and were placed at the bottom of
four wells in the microtiter plate (subgroup A) to a height of 2mm
which were then exposed to 10µl bacterial suspension [Table/
Fig-1]. BHI broth (245µl) was added after ensuring direct contact
of the bacteria to the test material [Table/Fig-2]. After mixing for
2 min, 15µl was transferred into four adjacent wells (subgroup B)
containing 215µl fresh medium. The kinetics of bacterial outgrowth
in each well were then followed by continuous measurements by
ELISA reader measured at 630 nm[Table/Fig-3]. Densitometric
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[Table/Fig-1]: Wells coated with test materials. [Table/Fig-2]: Transfer of brain heart infusion broth to the microtiter wells. [Table/Fig-3]: Elisa Reader (Stat Fax 2100) (Awareness
Technology).
SV

DF

SS

MSS

F-value

p-value

Groups

2

0.0431

0.0215

485.1430

<0.0001

Sub groups

1

0.0124

0.0124

279.3269

<0.0001

Groups x Sub groups

2

0.0020

0.0010

22.4702

<0.0001

Error

18

0.0008

0.0000

Total

23

0.0583

[Table/Fig-4]: Two way ANOVA between main groups (1 and 2) and sub groups ( 1
and 2) with respect to optical density at 1st day.
*Abbreviations: SV-Sources of variation, DF-Degrees of freedom, SS-Sum of squares, MSS-Mean
sum of squares, p-Probability, SD-Standard deviation

Main groups

Group 1

Group 2

Sub
group A

Sub
group
B

Mean

0.2649

SD

0.0112

Group 2

Group 3

MSS

F-value

p-value

Groups

2

0.0453

0.0226

408.4914

<0.0001

Sub groups

1

0.0172

0.0172

309.4468

<0.0001

Groups x Sub groups

2

0.0006

0.0003

5.5780

0.0130*

Error

18

0.0010

0.0001

Total

23

0.0641

[Table/Fig-6]: Two way ANOVA between main groups (1 and 2) and sub groups (1
and 2) with respect to optical density at 3rd day.

*Abbreviations: SV-Sources of variation, DF-Degrees of freedom, SS-Sum of squares, MSS-Mean
sum of squares, p-Probability, SD-Standard deviation

Group 3

Main groups

Sub
group A

Sub
group
B

Sub
group
A

Sub
group
B

0.1940

0.1402

0.1112

0.1931

0.1567

0.0035

0.0021

0.0063

0.0067

0.0063

Sub
group 1

-

Sub
group 2

0.0002*

-

Sub
group 1

0.0002*

0.0002*

Sub
group 2

0.0002*

0.0002*

0.0002*

-

Sub
group 1

0.0002*

0.9998

0.0002*

0.0002*

Sub
group 2

0.0002*

Sub
group
B

Sub
group
A

Sub
group
B

Mean

0.3455

0.2954

0.2367

0.1936

0.2883

0.2211

SD

0.0066

0.0085

0.0111

0.0033

0.0070

0.0059

Group 3

0.0002* 0.0002*

-

*p<0.05

readings were taken on the first, third and seventh day from each
set of samples. The experiments were triplicated.

STATISTICAL ANALYISIS
All the data collected by recording the optical density were analyzed
using two-way ANOVA and Tukey’s multiple post hoc test followed
by paired-t test.

RESULTS
According to the results of the study, two way ANOVA and Tukey’s
multiple post hoc test showed that MTA mixed with silver zeolite
(Group 2) had maximum antibacterial activity followed by MTA
mixed with 2% chlorhexidine(Group 3).The least antibacterial
activity was seen with MTA mixed with sterile distilled water(Group
1) in fresh as well as in aged samples of three and seven days. The
optical densities at day one were 0.2649±0.0112, 0.14027±0.0021
and 0.1931±0.0067 for Group 1, 2, 3 respectively [Table/Fig-4, 5].

Group 3

Sub
group A

-

0.0271*

Group 2

Sub
group
B

Group 2

0.0002*

Group 1
Sub
group A

Sub groups

Group 1

[Table/Fig-5]: Pair wise comparison of main groups (1, 2 and 3) and sub groups
(1 and 2) with respect to optical density at 1st day by Tukey’s multiple post hoc
procedures.

2

SS

2-way interactions

2-way interactions

Group 1

DF

Main effects

Main effects

Sub groups

SV

Sub
group 1

-

Sub
group 2

0.0002*

-

Sub
group 1

0.0002*

0.0002*

-

Sub
group 2

0.0002*

0.0002*

0.0002*

-

Sub
group 1

0.000*2

0.7571

0.0002*

0.0002*

Sub
group 2

0.0002*

0.0002*

0.0765

0.0008* 0.0002*

-

[Table/Fig-7]: Pair wise comparison of main groups (1, 2 and 3) and sub groups
(1 and 2) with respect to optical density at 3rd day by Tukey’s multiple post hoc
procedures.
*p<0.05

At day three, optical densities were 0.3455±0.0066,0.2367±0.0
111,0.2883±0.0070 [Table/Fig-6, 7] and for day seven they were
0.4598±0.0014, 0.3411±0.0039, 0.3924±0.0099 for Group 1,2
and 3 respectively [Table/Fig-8, 9].There was significant difference
(p<0.05) in the optical density among the three test materials at
all time intervals.

DISCUSSION
Complete elimination of the bacteria from the pulp space plays
an important role in the success of endodontic treatment. Postendodontic failures are due to inadequate cleaning and shaping
and/or insufficient obturation. Microorganisms have been isolated
from 35% to 100% of failed cases, predominantly E. Faecalis [11].
Hence E. Faeaclis was taken as test organism in the study.
Failure after conventional endodontic treatment necessitates
surgical intervention which aims to remove the infected root end
Journal of Clinical and Diagnostic Research, 2016.
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SV

DF

SS

MSS

F-value

p-value

Groups

2

0.0531

0.0266

245.3901

<0.0001

Sub groups

1

0.0246

0.0246

226.8104

<0.0001

Groups x Sub groups

2

0.0001

0.0001

0.5199

0.6033

Error

18

0.0019

0.0001

Total

23

0.0797

Main effects

2-way interactions

[Table/Fig-8]: Two way ANOVA between main groups (1 and 2) and sub groups (1
and 2) with respect to optical density at 7th day.

*Abbreviations: SV-Sources of variation, DF-Degrees of freedom, SS-Sum of squares, MSS-Mean
sum of squares, p-Probability, SD-Standard deviation

Main groups
Sub groups
Mean
SD

Group 1

Group 2

Group 3

Group 1

Group 2

Sub
group A

Sub
group
B

0.4598
0.0114

Group 3

Sub
group A

Sub
group
B

Sub
group
A

Sub
group
B

0.3900

0.3411

0.2785

0.3924

0.3329

0.0096

0.0039

0.0032

0.0099

0.0175

Sub
group 1

-

Sub
group 2

0.0002*

-

Sub
group 1

0.0002*

0.0002*

-

Sub
group 2

0.0002*

0.0002*

0.0002*

-

Sub
group 1

0.0002*

0.9994

0.0002*

0.0002*

Sub
group 2

0.0002*

0.0002*

0.8710

0.0002* 0.0002*

Silver zeolite incorporation enhanced the antimicrobial property of
MTA, which was also confirmed by Odabas ME et al., [21]. Silver
zeolite shows antimicrobial activity because of metallic silver as
its constituent, as it has highest antibacterial activity among metal
ions. Zeolite is a porous crystalline material of hydrated sodium
and alumino-silicate, having void spaces within frameworks of
3-10 angstroms in diameter that are capable of hosting cations
such as silver or zinc [22]. Kawahara suggested silver zeolite as
a useful vehicle to enhance the antibacterial activity of the dental
materials [23]. Davies showed that antimicrobial activity of glass
ionomer cement could be enhanced by incorporating silver zeolite
with it [24].
MTA with 2% chlorhexidine showed good antibacterial activity
as compared to MTA alone; however it was less effective as
compared with MTA and silver zeolite. This could be attributed
to the chlorhexidine crossing the microbial cell wall by passive
diffusion, and disturbing the cytoplasmic membrane causing
reduction in leakage, leading to lysis. Similar results were shown
by Stowe who substituted chlorhexidine gluconate for water to
enhance the antimicrobial activity of ProRoot MTA [25].

LIMITATIONS
To fully access the viability of silver zeolite MTA, further studies are
needed to evaluate the physical properties and test antibacterial
effect in clinical conditions.

-

[Table/Fig-7]: Pair wise comparison of main groups (1, 2 and 3) and sub groups
(1 and 2) with respect to optical density at 7th day by Tukey’s multiple post hoc
procedures.
*p<0.05

and ensure good sealing by root end filling materials, among which
MTA seems to be promising; however its antibacterial properties
are controversial [12]. .Grey MTA was found to invoke a more
desirable biologic response than White MTA and hence should
be used as root end filling material as esthetics is not the prime
concern at these sites [13]. Hence in the study ProRoot MTA was
used.
Addition of silver containing zeolite to materials like GIC and resins
has improved their antimicrobial activity [7, 14]. Chlorhexidine
(CHX) is a known antimicrobial agent especially against E.Faeclis
along with bicompatibility with periodontal tissues [15]. LuddinN,
and Ahmed HM have showed CHX to be effective in reducing or
completely eliminating E. Faecalis [15, 16]. Hence in this study
silver zeolite and chlorhexidine were used as additives with MTA to
increase its antibacterial property.
Antibacterial activity has been evaluated using agar diffusion test in
in-vitro studies but it has shown to lack in inoculum standardization,
culture adequacy, sample size etc.,[17]. To overcome these
disadvantages, a standardized protocol suggested by Weiss et
al., that is direct contact test was followed [10]. Direct contact
test is a qualitative and reproducible method, which is ineffective
and insensitive to the inoculums size brought in contact to the test
material.
According to the results of this study, antimicrobial activity of MTA
mixed with silver zeolite was maximum followed by MTA mixed
with chlorhexidine. MTA mixed with sterile water showed least
antimicrobial activity at all the time intervals tested. These results
are similar to findings of Eldeniz and Hasan Zarrabi M et al., whose
study showed that MTA was ineffective against E. Faecalis [6, 18].
In contrast, Al-Hezaimi K et al., stated that gray MTA was effective
against E. Faecalis [19]. The ineffectiveness of MTA on E. Faecalis
Journal of Clinical and Diagnostic Research, 2016.

in most of studies is due to the capacity of this microorganism to
survive under various stressful environmental condition [20]. This
could be the reason for low antimicrobial activity of MTA against
E. Faecalis.

CONCLUSION
Under the parameters of the study, it can be concluded that all the
test materials exhibited antibacterial activity against E. Faecalis.
MTA mixed with silver zeolite showed the maximum antibacterial
activity followed by MTA mixed with 2% chlorhexidine and
the least shown by MTA mixed with sterile water. Silver zeolite
and chlorhexidine can be incorporated into MTA to enhance its
antibacterial effect against E. Faecalis.
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Abstract
AIM: Lymph node yield (LNY) is a valid marker of prognosis in oral cancer. Precise estimation of LNY in Indian patients with T3/T4 gingivobuccal
sulcus squamous cell carcinoma (GBS‑SCC) has not been well documented. Hence, the primary objective of the study was to determine the
LNY in patients with T3/T4 SCC of mandibular GBS, and the secondary objective was to study the association of LNY with clinicopathological
factors such as tumor thickness, histological differentiation, number of positive nodes, and extracapsular spread (ECS). MATERIALS AND
METHODS: Study patients comprised biopsy proven T3/T4 SCC of mandibular GBS that underwent unilateral surgery (composite or bite
composite resection with level I to level V‑neck dissection and pectoralis major flap reconstruction) at our center between January 2012 and
October 2014. Grossing of surgical specimens was done as per the guidelines established by the Royal College of Pathologists (December
2009). The data were analyzed using SPSS software (22nd version) and Chi‑square test. RESULTS: The surgical specimens of 106 patients
yielded 2329 lymph nodes with the mean LNY of 21.97 ± 5.57. Higher mean LNY of over 21 was significantly associated with ECS, number
of positive nodes, delay in surgery over 15 days, skin involvement by the tumor, and presence of oral potentially malignant disorders.
CONCLUSION: With the single surgeon, pathologist and same surgical procedure, the mean LNY in Indian patients with T3/T4 SCC of
mandibular GBS is 21.97 ± 5.57. Although clinicopathological factors affect the estimation of LNY, further studies are needed to validate
the findings of this study.
Key Words: Factors, gingivobuccal sulcus, lymph node yield, squamous cell carcinoma

Introduction
Gingivobuccal sulcus (GBS) is a major subsite for oral
squamous cell carcinoma (SCC) in the Indian subcontinent,
and these tumors are known to recur locoregionally the
following treatment.[1,2] Accurate pathological staging is a
critical factor in determining the prognosis in these patients.
Like SCC of any other oral subsite, lymph node metastasis
is a single most important independent prognostic factor
in patients with GBS‑SCC. [2] Apart from tumor node
metastasis (TNM) staging, recent studies have shown the
importance of other lymph node associated factors such as
the exact number of positive nodes, total number of harvested
nodes in the neck dissection, and the presence of extracapsular
spread (ECS) as determinants of prognosis in oral SCC.[3]
Lymph node ratio (LNR) has emerged not only as a marker
of prognosis[4,5] but as a reliable tool in determining the
extent of cancer spread, extent of clearance, and the need
for adjuvant therapy following surgery for cancers of the
stomach, esophagus, bladder, and colorectum, in addition to
head and neck cancer.[5‑10] The LNR has been successfully
validated as a strong predictor of survival in oral cancer.[4]
However, accurate estimation of LNR depends on the lymph
node yield (LNY) which has been shown to vary depending
on anatomical, surgical, and pathological factors.[4,5,11]
Although previous studies have thoroughly evaluated the
efficacy of LNR and LNY as prognostic markers in oral SCC,
there is a lack of uniformity in these studies with regard to
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specific oral subsite of SCC, TNM stage‑specific distribution
of cases, neck dissection procedure, and standardization
of harvesting lymph nodes from the neck dissection
specimens.[4,5,11,12] To date, there is a lack of specific data
regarding LNY and LNR in advanced GBS‑SCC.
Locally, advanced GBS‑SCC is the most common malignancy
at our center and bite composite resection with comprehensive
neck dissection, and pectoralis major myocutaneous flap
reconstruction has remained as a surgical procedure of choice
for this type of cancer due to the workload, nonavailability
of microvascular expertise, and socioeconomic reasons. Thus,
removal of sternocleidomastoid muscle to facilitate inset of
pectoralis major myocutaneous flap and clearance of level I
to level V cervical lymph nodes is commonly done at our
center for most of the node‑positive necks. This enables us to
assess the LNY in locally advanced GBS‑SCC. The primary
objective of this prospective study was to determine the LNY
in T3/T4 GBS‑SCC. The secondary objectives were to study
the association of LNY with age, tumor thickness, histological
differentiation, number of positive nodes, and ECS.
Materials and Methods
The ethical clearance was obtained, and the patients with
biopsy proven, T3/T4 SCC that have classical extension into
the mandibular GBS as defined by the previous studies[1,2] were
included. These patients were operated at our center between
January 2012 and October 2014 and had undergone en bloc
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composite or bite composite resection, modified comprehensive
neck dissection with clearance of level V to level I neck nodes
as per the decision of tumor board. The modifications in neck
dissection included preservation of the internal jugular vein
and/or spinal accessory nerve whenever it was oncologically
safe. The patients with recurrence, previous therapy, tuberculosis
or chronic inflammatory diseases of head and neck and those
with non‑SCC were excluded from the study.
The clinical details included were demographic characteristics,
clinical extent of the tumor, cTNM (AJCC 2009), findings in
the high‑resolution contrast computed tomography scan, and
comorbidities. The pathological details obtained were pT3 or
pT4 status, histological differentiation, gross tumor thickness,
skin infiltration by the tumor, total number of lymph nodes
harvested per specimen, and number of positive nodes and
nodes with ECS.
The surgical specimens were oriented by the operating surgeon,
and nodal levels were identified as defined by their anatomical
extent. Following dissection of each nodal level, suture ligatures
bearing labels marked with nonwashable ink were tied around
each dissected group of lymph nodes to demarcate the
individual levels. After completion of en bloc dissection, the
specimens were washed in flowing water to remove blood clots
and loose tissues. The individual levels were transected, and
the lymph nodes from each level were harvested by a senior
pathologist. These nodes were transferred to separate labeled
bottles denoting individual nodal level, completely immersed
in 10% of buffered formalin solution.
The grossing of the specimens was performed as per the
modified standard protocol established by the Royal College
of Pathologists, Standards and Datasets for reporting head
and neck cancers (December 2009).[13] The specimens were
sectioned after 48 h of fixation, and all the lymph nodes in
the specimens were processed. The lymph nodes >2 mm
in size were sectioned along the long axis and those
with <2 mm in size, transverse sections were made. Four µm
sections of all the lesional and lymph node sections were
stained by routine eosin and Hematoxylin and Eosin staining.
Methods of statistical analysis

The data were entered in Microsoft Excel sheet and analyzed
using IBM SPSS software (22nd version, IBM Corp., 2013.
Armonk, New York, USA). The difference in LNY in
different groups of clinicopathological variables was analyzed
using Chi‑square test. The P ≤ 0.05 was considered
statistically significant.
Results
The patient and surgical variables studied are mentioned
in Table 1. This study included 106 subjects with T3 and
T4 SCC of mandibular GBS. The mean age of the patients
was 51.95 + 11.72 years and ranged between 22 and
90 years. Overall, 76.41% of the patients were males and
23.58% were females. There were 64.15% (68 patients)
in T4a stage and 35.84% (38 patients) in T 3 stage, with
54.71% (58 patients) showing skin involvement. The mean
tumor size was 4.1 cm × 3.6 cm (14.8 cm 2). Overall,
2329 lymph nodes were harvested from 106 patients that
underwent unilateral neck dissections, and the mean LNY
240

Table 1: Patient and surgical variables
Variables

All patients
n=106, (%)

Age (years)
Range
Mean
Males
Females
Duration* (days)
<15
>15
Side of disease
Right
Left
Premalignant disorders
Absent
Oral submucous fibrosis
Leukoplakia
Erythroplakia
Neck dissection type
Modified neck dissection**
Radical neck dissection
Total positive nodes
SD
Mean
LNY
Mean
SD
Total
LNR
Mean
SD

22-90
51.95
81 (76.41)
25 (23.58)
51 (48.11)
55 (50.14)
59 (55.66)
47 (44.33)
32 (30.18)
50 (47.16)
16 (15.09)
8 (7.54)
87 (82.07)
19 (17.92)
306
29.8
2.89
21.94
5.57
2329
0.0-0.43
0.12
0.122

*Time between the patient’s first visit to the hospital and surgery;
**Preservation of spinal accessory nerve and/or internal jugular vein.
LNY=Lymph node yield; LNR=Lymph node ratio; SD=Standard deviation

was 21.97 ± 5.57. The percentage distribution of LNY at
various nodal levels in the neck is shown in Figure 1.
The pathological variables are shown in Table 2. The mean
tumor thickness was 1.2 cm and in 36.79% of the patients,
the tumor thickness ranged from 0.4 to 0.9 cm whereas in
63.20% of patients, the tumor thickness was over 1 cm.
ECS of the tumor in the lymph nodes was seen in 41.50%
of patients.
In 71.7% of patients, only level I nodes were positive; in
37.74% of patients, level I and level II nodes were positive;
in 29.25% of patients, level I, level II, and level III were
positive; in 16.98% of patients, all the nodal levels from
level I to level IV were positive; whereas, in 9.43% of
patients, all the nodal levels from level I to level V were
positive.
Overall in 106 patients, the total number of patients with
pN+ status was 70.75% (75 patients) whereas the number
of patients with pN0 status were 29.25% (31 patients). The
mean LNR was 0.12.
When Chi‑square test was used to see the association of
clinicopathological variables and LNY, ECS, number of
positive nodes, delay in surgical treatment for more than
Indian Journal of Cancer | April–June 2016 | Volume 53 | Issue 2
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Discussion
When the protocol for grossing the specimen proposed by
the Royal College of Pathologists[13] was followed, the mean
LNY in our patients was 21.94 (range 10–42). Whereas, as
per the Royal College of Pathologists,[13] in the absence of
previous chemotherapy, radiotherapy or neck dissection, and
radical neck dissection yields 20 lymph nodes (range 10–30)
on an average. The range of lymph nodes retrieved in our
study was comparable to that proposed by the Royal College
of Pathologists[13] although the surgical procedure in our
study, in the majority of cases, was modified neck dissection.

Figure 1: Percentage distribution of lymph nodes in the neck in 106 patients
with T3/T4 squamous cell carcinoma of the mandibular gingivobuccal
sulcus. Image modified with permission from Som PM, Curtin HD, Mancuso
AA. An imaging‑based classification for the cervical nodes designed as an
adjunct to recent clinically based nodal classifications. Arch Otolaryngol
Head Neck Surg. 1999 Apr; 125(4):388‑96

Table 2: Pathological variables and their
association with lymph node yield
Variables
Differentiation
Well
Moderate
Poor
Tumor thickness (cm)
0.4-0.9
1.0-1.9
>2.0
Pathological T stage (S)
pT3 cases
pT4 cases
Skin involvement (S)
Present
Absent
Extracapsular spread (S)
Present
Absent
Number of positive nodes (S)
None, pN0
1-4
>5
Delay in treatment (S)
1-15
16-30
OPMD* (S)
Absent (n=32)
OSF* (n=50)
Leukoplakia (n=16)
Leuko erythroplakia (n=8)

All patients
n=106 (%)

Mean LNY

SD

52 (49.05)
47 (44.33)
7 (6.60)

21.33
22.85
20.86

5.88
5.38
3.89

39 (36.79)
48 (45.28)
19 (17.92)

21.84
22.04
20.07

5.52
5.64
5.48

38 (35.84)
68 (64.15)

20.63*
22.72*

4.75
5.88

58 (54.71)
48 (45.28)

24.14**
19.35**

5.75
4.05

44 (41.50)
62 (58.49)

23.68**
20.76**

5.03
5.65

31 (29.24)
48 (45.28)
27 (25.47)

18.45***
23.02***
21.97***

4.38
6.00
5.57

51 (48.11)
55 (51.88)

18.94***
24.78***

3.76
5.52

32 (30.18)
50 (47.16)
16 (15.09)

17.44***
25.56***
18.56

2.74
5.05
3.42

8 (7.54)

24.50

2.97

*P<0.05; **P<0.01; ***P<0.001. OPMD=Oral potentially malignant disorders;
OSF=Oral submucous fibrosis; S=Significant; SD=Standard deviation; LNY=Lymph
node yield

15 days after diagnosis, skin involvement by the tumor, and
presence of oral potentially malignant disorder (OPMD)
were significant factors that contributed to higher LNY
[Tables 1 and 2].
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The role of pathologists, surgeons, pathology technicians,
method of handling the surgical specimen and the extent
of training of these specialists have shown to influence the
harvest of lymph nodes from the surgical specimens, thereby
affecting the overall LNY. [14‑16] The surgical technique
is yet another factor contributing to the variability of
LNY.[11,12] Thus, a wide variation exists in the reports on
the LNY and LNR in the current literature. However, in
our study, the lymph node dissection and their retrieval
from surgical specimens were done by the most experienced
single surgeon and single pathologist, to prevent the bias
in most of the studies. Despite specific consensus‑based
definitions of various neck dissection procedures in the
current literature,[17] there is still a possibility of variation
in the neck dissection fields by the surgeons, depending on
the individual judgment, expertise, and decision‑making.
Comparing the LNYs obtained by a uniform, standard neck
dissection procedure among different centers can help in
determining the factors responsible for varied reports.
Nevertheless, on multivariate analysis, a significant variation in
the rate of lymph node metastasis among Asian and non‑Asian
gastric carcinoma patients was found in a study,[18] the literature
is sparse with regard to the contribution of racial and ethnic
factors in the variability of cervical lymph node metastasis in
head and neck cancer. Furthermore, data on the reference range
of cervical lymph nodes, based on cadaveric studies, are derived
from the non‑Asian population,[11] and to date, the literature
is sparse with regard to the reference range of cervical lymph
node counts in Indian population. When compared to the
available western data on the cervical lymph node counts,[11,15]
we had slightly lower counts which could be attributed to
racial factors and possibly low body mass index (BMI) in
our patients, in view of their high alcohol consumption,
smoking, and tobacco chewing habits. The previous studies
have reported low BMI in oral cancers patients, which were
associated with alcohol consumption and tobacco use.[19,20]
The number of locally advanced GBS‑SCC patients with
pN0 status in our study was 29.2% which was lower than
that reported by Walvekar et al.[1] However, the mean LNY
increased significantly with the increase in the number of
positive nodes. The immunological response that has been
shown by the previous studies [21] could have contributed
to the overall increase in the LNY. The ECS of tumor in
the lymph nodes was associated with increase in the LNY.
Although the contribution of ECS in increasing the LNY
in head and neck cancer has not been clearly elucidated, the
association of ECS with increase in the number of positive
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nodes has been shown in patients with breast cancer following
axillary clearance, especially in large‑sized tumors. [22] The
presence of ECS in a lymph node can channelize the passage
of tumor cells into surrounding lymphatic vessels, thereby
increasing the number of positive nodes and overall LNY.
The delay in surgical treatment over 16 days to 30 days after
the diagnosis of oral SCC was associated with an increase in
the mean LNY compared to the patients that were treated
within 15 days of diagnosis. The possibility of disease
progression during the waiting period can be considered
as a leading cause of metastatic lymphadenopathy, although
it was not confirmed in this study by a second imaging to
document a definitive disease progression during waiting
period before surgery, as reported by Waaijer et al.[23]
The age, sex, and tumor differentiation were not significantly
associated with increase in the mean LNY as the distribution
of patients with respect to these factors was not uniform. In
addition to this, the lack of larger sample size was a drawback
of this study. We did not include the BMI as a parameter
that can contribute to the variability of LNY. The mean LNY
was slightly higher in patients with tumor thickness >1 cm,
the differences were not statistically significant, and the
mean LNY remained above 20 in both cases. However,
the involvement of skin by the infiltration of tumor and
patients with locally advanced SCC of lower GBS presenting
with orocutaneous fistula showed a higher LNY. Apart
from the locally advanced primary tumor, the inflammatory
response resulting from secondary infections in a chronic
nonhealing oral ulcer could have triggered the increased LNY.
Furthermore, the role of inflammatory response has been
shown by studies as key feature in the pathogenesis of oral
submucous fibrosis (OSF) that was seen in a majority of our
patients presenting with SCC of mandibular GBS.[24] This
condition is often associated with trismus, poor oral hygiene,
and multiple ulcerations in the oral mucosa. The mean LNY
in these patients was significantly higher than the patients
with SCC of mandibular GBS presenting without a clinical
evidence of OPMD. Thus, the role of inflammatory response
in oral tissues secondary to OSF and its associated conditions
leading to increased mean LNY cannot be ruled out.
Conclusion
In patients with locally advanced SCC of mandibular GBS,
the mean LNY was 21.94. The presence of ECS, positive
nodes for metastasis of SCC, delay in treatment of more
than 15 days following diagnosis of SCC, skin infiltration
by the tumor or presence of orocutaneous fistula and
association of OPMD, especially OSF were significant
factors that contributed to higher LNY. Further studies
with larger sample size, incorporating multivariate statistical
analysis, are required to validate the findings of this study.
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Letter to the Editor
Role of regional catheters for postoperative analgesia
following reconstructive surgeries for breast cancer
Sir,
Reconstructive work following breast onco surgeries is on
the rise as it provides oncological safer resections with
larger margins and immediate esthetic results. [1] These
surgeries include large donor areas from the abdomen.
Hence, postoperative pain management is challenging.[2] We
discuss two such representative cases which were successfully
managed with regional catheters.

and abdominal pannus, regional catheters can be planned
accordingly. With the knowledge of abdominal blocks and
relevant ultrasound anatomy, the choice can range from
subcostal TAP, standard TAP or a combination with RS
block.[3] With promising evidence emerging for the use of
regional catheters for laparotomies,[4] this technique should
be considered a safe, feasible opioid sparing technique for
pain relief following breast reconstructive surgeries with
abdominal donor sites.
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A 30‑year‑old, American Society of Anesthesiologists‑I
(ASA‑I), female diagnosed with phyllodes tumor was
planned for radical mastectomy with deep inferior epigastric
perforator flap reconstruction. Intraoperatively, a 16‑gauge
tuohy needle was placed between internal oblique and
transverses abdominus muscle superolateral to the incision,
on either side, using a sterile ultrasound probe‑38x (13–6
MHz) linear array transducer with in plane needle technique.
The transversus abdominus plane (TAP) was confirmed with
hydrodissection and 16‑gauge multiorifice epidural catheter
was threaded around 5 cm in the plane. The patient received
15 cc of 0.25% bupivacaine on either side eight hourly basis
along with round the clock acetaminophen and diclofenac.
No rescue boluses of opioids were needed. Catheters were
removed on day 3. Average pain score at rest 1/10 (10‑worst
pain), at movement ‑ 2/10.
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A 58‑year‑old, ASA I female underwent radical mastectomy
for fungating growth in left breast extending from
infraclavicular region till infra‑mammary crease. The defect
was closed with a right vertical rectus abdominis muscle
flap. Under ultrasound guidance, a subcoastal TAP catheter
was placed on the right side and rectus sheath (RS) catheter
placed on the left side. At the end of surgery and every
eight hourly patient received 20 cc of 0.25% bupivacaine
through the RS catheter and 15 cc through the TAP
catheter along with oral acetaminophen and diclofenac. The
worst pain score recorded at movement was 3/10.

4.

Pain management after reconstructive surgeries is often
opioid‑based. Epidural analgesia causes steal phenomenon
and hypotension causing diversion of blood to normal
tissues away from the denervated flap. [2] In addition,
there are concerns with the concomitant administration of
antiplatelet and anticoagulant drugs. As the site of harvest
for the pedicle flap depends on the extent of resection

Indian Journal of Cancer | April–June 2016 | Volume 53 | Issue 2

There are no conflicts of interest.
Bakshi SG, Pokhale S, Sharma S
Department of Anesthesia, Critical Care and Pain, Tata Memorial
Hospital, Parel, Mumbai, Maharashtra, India
Correspondence to:

Dr. Sumitra G Bakshi, E‑mail: sumitrabakshi@yahoo.in

References
1.
2.
3.

Hamdi M, Sinove Y, DePypere H, Van Den Broucke R, Vakaet L, Cocquyt V,
et al. The role of oncoplastic surgery in breast cancer. Acta Chir Belg
2008;108:666‑72.
Adams J, Charlton P. Anaesthesia for microvascular free tissue transfer.
Br J Anaesth CEPD Rev 2003;3:33‑7.
Webster K. Ultrasound Guided Rectus Sheath Block-Analgesia for
Abdominal Surgery. Update in Anaesthesia 2010;26:12-7.
Bakshi S, Mapari A, Paliwal R. Ultrasound‑guided rectus sheath catheters:
A feasible and effective, opioid‑sparing, post‑operative pain management
technique: A case series. Indian J Anaesth 2015;59:118‑20.

This is an open access article distributed under the terms of the Creative Commons
Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows others to remix,
tweak, and build upon the work non‑commercially, as long as the author is credited
and the new creations are licensed under the identical terms.

Access this article online
Quick Response Code:

Website:
www.indianjcancer.com
DOI:
10.4103/0019-509X.197712
PMID:

How to cite this article: Bakshi SG, Pokhale S, Sharma S. Role of
regional catheters for postoperative analgesia following reconstructive
surgeries for breast cancer. Indian J Cancer 2016;53:243.

243

Dentistry Section

DOI: 10.7860/JCDR/2016/21733.8901

Original Article

The Oro-Facial Investment Scale (OFIS)
– A Novel Outcomes and Evaluation
Measure for Self-Appraised Oro-Facial
Behavioural and Aesthetic Constructs
among Professional Healthcare Students
of Belagavi : A Cross-Sectional Study

Vaibhav Kumar1, Anil V Ankola2, Sagar G Jalihal3

ABSTRACT
Introduction: Several studies have shown that self perceived
dental appearance is an important determinant in the decision
to seek treatment.
Aim: The aim of the present study was to assess the selfperceived oral health knowledge, attitude, practice, behaviour
and perception among 18-20 year old students of professional
healthcare institutions in Belagavi city, Karnataka.
Materials and Methods: The novel 21 itemed Oro-Facial
Investment Scale (OFIS) formulated for this study was distributed
to 600 students of professional healthcare institutions (200
each from Medical, Physiotherapy and Ayurveda specialties
respectively). Psychometric properties of the questionnaire
were assessed. Descriptive statistics and chi-square test were
applied.

Results: Total 98.17% practiced the use of facial and oral care
products on a regular basis. All 600 participants disagreed
that they hate their facial appearance and the way their teeth
looked. Out of 200, Ayurveda students 37 were unsatisfied with
the appearance of their teeth. Also, majority of the respondents
agreed that they take prompt care of oral wounds or lesions.
While majority of the subjects did not feel conscious when a
dentist checks their teeth, a robust 153 respondents expressed
their reservations for their dental examination to be performed.
Conclusion: The OFIS seamlessly amalgamates the dental unit
with the immediate facial components; hence, bringing together,
in harmony, a multifaceted dimension in self assessment of the
overall facial and dental behavioural practices.

Keywords: Attitudes/Behaviour, Facial appearance, Health professionals,
Psychometric properties, Self-perception

INTRODUCTION
While there are things which are universally accepted as beautiful,
their appeal to the individual as beautiful varies from person to
person. Similarly, dental health is also a highly individualistic concept
[1].
Enhancement of oral health is attained through a combination of
preventive measures and community health promotion activities.
Social and personal well-being is considered together with physical
capacities, emphasizing the individual through empowerment and
participation. Cross cultural comparisons of health behaviour are of
special interest [2-4].
The role of health professionals is to enable people to make sound
health choices, providing information on health promotion and
prevention by facilitating the development of skills [5]. In many
countries, including the Indian Republic, university students occupy
a significant position in public life, and constitute as opinion leaders
of the future.
Self-perceived and self-assessed oral and dental appearance,
with respect to both aesthetics and function, is a prime factor for a
person’s willingness to seek treatment [6].
In addition, clinical indices or tools cannot depict the satisfaction of
subjects or their ability to perform daily activities [7,8].
While majority of such studies in self perception have been conducted
on dental students and graduates [9-12], starkly revealing, there is
an acute paucity of scientific discourse on the self perception of
Journal of Clinical and Diagnostic Research. 2016 Nov, Vol-10(11): ZC45-ZC49

oro-facial behavioural and aesthetic constructs amongst healthcare
professional students.
Hence, the current study envisaged to assess the self-perceived
oral health knowledge, attitude, practice, behaviour and perception
among 18-20 year old students of professional healthcare institutions
in Belagavi city, Karnataka, India.

MATERIALS AND METHODS
The study employed a cross-sectional, observational design to
collect prevalence data on self-perceived oral health knowledge,
attitude, practice, behaviour and perception using a novel, selfdesigned Oro-Facial Investment Scale (OFIS). A priori power analysis
was set up for the study. A probability of 0.05 for a error (a/2=0.025
in each direction) was fixed for the current study.
Sample: The subjects of this study comprised of 600 students,
Studying in the first and second year of their respective professional
healthcare course. A total of 200 students each from three
healthcare institutions, viz. Jawaharlal Nehru Medical College, B.M.
Kankanwadi Ayurveda College and KLE College of Pharmacy were
selected. Ethical approval was obtained from the Institutional Review
Board of KLE VK Institute of Dental Sciences, Belagavi. The study
was planned as per the convenience and schedule of the respective
institutions. Necessary permissions were taken from the college
principals and departmental heads. The participants were informed
about the study well in advance. All the students, aged between
45
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18-20 years, those present on the day the study was conducted,
were included in the study. A written informed consent was taken
from all the study subjects. Participants suffering from any systemic
disease or having a history of current/ongoing or past orthodontic
treatment were excluded from the study. All the students selected
for the study answered the questionnaire.
Instruments and Measures: Data was collected using a structured
English language questionnaire comprising of a novel, self designed
OFIS, to elucidate the self-perceived oral health knowledge, attitude,
practice, behaviour and perception of the study subjects.
The proforma consisted of two parts. The first part consisted of
basic socio-demographic factors. The second part consisted of a
self-designed 21 itemed OFIS.
The Oro-Facial Investment Scale: The novel OFIS meticulously
expedited in the current study is a ballpark adaption of the broader
Body Investment Scale (Orbach I, Mikulincer M). The Body
Investment Scale taps a person's emotional investment in his or
her body and includes subscales relating to feelings and attitudes
about the body, body care, body protection, and comfort in physical
touch [13].
The OFIS tool comprises of a self-administered tool and supersets
21 items (20 close-ended and 1 open-ended stem) under three
broad subscales exploring questions pertaining to Knowledge (K01K03), Attitude (A04-A11), and Practice (P12-P21 ). Each question
had a dichotomized bivariate Yes/No response.
Psychometric Properties of the OFIS Tool
Pre-Testing: Prior to finalizing the questionnaire, it was pilot tested
among a convenience sample of 50 subjects. Upon completion
of the pilot response format, each subject was interviewed to
gain feedback on the overall acceptability of the questionnaire in
terms of length, language clarity, and on the feasibility of subjects
completing and returning it. These subjects were not recruited in
the final sample.
Validity of OFIS: Assessment of Content Validity–A panel of six
academicians in total, who were subject experts, were asked to
express their opinions in order to calculate the mean Lawshe’s
Content Validity Ratio (CVR), which was discerned to stand at 0.87.
This judgement ascertained that the instrument samples all the
relevant, essential and significant domains.
The CVR was calculated by the help of the following formula:
CVR = [ne-(N/2]/(N/2)
Where ne is the number of panel members indicating an item
“essential” and N is the number of panel members.
Assessment of Face Validity–On the assessment of face validity,
92% of the participants found the OFIS tool to be easy and
comprehendible. This ascertained that the instrument assessed the
desired qualities it intended to encapsulate and measure within its
ambit.
Reliability of OFIS: Internal consistency estimates of reliability
using Cronbach’s Alpha were computed on domain-specific items
to confirm the development of subscales of Knowledge, Attitude
and Practice of the OFIS instrument. The Cronbach’s coefficient
was found to be 0.81, which showed a high internal reliability of the
OFIS tool.

STATISTICAL ANALYSIS
Data was collected and entered in Microsoft Excel and subsequently
subjected to statistical analysis. A statistical model was developed
for descriptive statistics and chi-square test. The Statistical
Package for Social Sciences (SPSS®) Program (SPSS Inc., 16.0
Version, Chicago IL, USA) was used to process and analyze the
data. Proportional comparisons were made using chi-square tests,
and the level of significance was set at 0.05.
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Males
Females
Total

Medical
Institution

Physiotherapy
Institution

Ayurveda
Institution

94

63

89

246

106

137

111

354

n=200

n=200

n=200

n=600

[Table/Fig-1]: Gender distribution of the study subjects in each of the institutions.

RESULTS
From the total of 600 students recruited from the three professional
colleges, all (100%) of the students completed the questionnaire. A
total of 246 (41%) male students and 354 (59%) female students
participated in the study.
[Table/Fig-1] shows the gender distribution of the study subjects
in each of the institutions. The male-female ratio was found to be
1:1.44 in the present study.
[Table/Fig-2] presents the distribution of the responses to the 21
items of the OFIS tool. A significant result was found for 13 items
in totality. Majority of the participants (98.17 %) practiced the
use of facial and oral care products on a regular basis. All 600
participants disagreed that they hate their facial appearance and
the way their teeth looked. Out of 200, Ayurveda students 37 were
unsatisfied with the appearance of their teeth. Also, majority of the
respondents agreed that they take prompt care of oral wounds or
lesions. While majority of the subjects did not feel uncomfortable
or conscious when a dentist checks their teeth, a robust 153 out
of 600 respondents expressed their reservations for their dental
examination to be performed.

DISCUSSION
To the best of our knowledge, this is the first of its kind formal
assessment of the oral health related knowledge, attitude and
practice pertaining to the health professional students of the Medical,
Physiotherapy and Ayurveda disciplines in Belagavi City, Karnataka,
India. Although attempts have been made in assessing the self
perceived oral behaviours, [14-17] to pool in the students pursuing
medical and paramedical courses in Belagavi City and analyzing
their self perceived oral health practices using the proposed OFIS
tool has been a territory never been scientifically tread upon.
There was no major difference in the responses to the 21 items
of the administered tool among males and females in the present
study (p>0.05). This observation was in concordance with scientific
literature on similar lines contributed by Tseveenjav B et al., Dagli
RJ et al., and Kawamura M et al., [18-20]. However, it was in stark
contrast to studies by Porat D et al., Ostberg AL et al., Nanakorn
S et al., and Kassak KM et al., [21-24]. However, these studies
measured self-perception using different scales and tools.
All the study participants from the three institutions unanimously
believed that caring for their oral health will improve their general
health. This stems out of the fact that the oral cavity indeed mirrors
the well-being of an individual, and the primitive signs of many
systemic ailments/diseases are reflected first in the oral cavity, and
overall general health and quality of life could be worsened due to
oral health problems [25].
Majority of the respondents from all three specialties agreed that
they pay attention to the appearance of their face and teeth, and
also were of the opinion that it was very important to take care of
the face and oral health.
All 600 participants disagreed that they hate their facial appearance
and the way their teeth looked. However, there was a mixed response
when asked if they feel comfortable with the appearance of their
teeth. Also, 18.5% of the Ayurveda students were unsatisfied with
the appearance of their teeth. Similarly, 19.5% of medical students
were uncomfortable with the appearance of their teeth. Results
revealed that a significant 235 out of the total participants thought
Journal of Clinical and Diagnostic Research. 2016 Nov, Vol-10(11): ZC45-ZC49
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Response
(%)

Medical Institution
(n=200)

Physiotherapy Institution
(n=200)

Ayurveda Institution
(n=200)

χ2
p-value

Do you believe that caring for your oral health will
improve your well-being?

Yes

100

100

100

-

No

0

0

0

K02

Do you pay attention to the appearance of your teeth
and face?

Yes

94.5

81.5

80.0

No

5.5

18.5

20.0

K03

Do you think that it is very important to take care of the
face and oral health

Yes

94.5

80.5

76.0

No

5.5

19.5

24.0

S.
No.

Question
Knowledge

K01

<0.001*

<0.001*

Attitude
A04

Do you hate your facial appearance and the way your
teeth look?

Yes

0.0

0.0

0.0

No

100.0

100.0

100.0

A05

Do you feel angry towards the appearance of your face/
teeth?

Yes

0.5

0.0

3.5

No

99.5

100.0

96.5

Do you feel uncomfortable/conscious when a dentist
checks your teeth?

Yes

21.5

28.5

26.5

No

88.5

71.5

73.5

A07

Are you satisfied with the appearance of your teeth?

Yes

92.5

88.5

81.5

No

7.5

11.5

18.5

A08

Do you feel comfortable with the appearance of your
teeth?

Yes

80.5

82.5

74.5

No

19.5

17.5

25.5

Do you think that your face or teeth have imperfections?

Yes

60.0

69.5

53.0

No

40.0

30.5

47.0

A06

A09

A10

A11

If yes, what are the imperfections you perceive?

Irregular Teeth

44.5

31.0

34.5

Dirty/Yellow Teeth

45.0

49.5

54.5

Decayed Teeth

10.5

19.5

11.0

Are you frustrated with the appearance of your teeth?

Yes

3.5

2.5

4.5

No

96.5

97.5

95.5

Are you interested in getting tooth ornamental jewellery
done?

Yes

36.0

42.0

18.0

No

64.0

58.0

82.0

P13

Are you interested in getting oral piercing done?

Yes

0.0

1.0

1.5

No

100.0

99.0

98.5

P14

Do you take special care of your teeth and oral health
when you feel a sign of general health illness?

Yes

76.5

68.5

66.5

No

23.5

31.5

33.5

P15

Do you wash your face and mouth several times a day?

Yes

94.5

93.5

100.0

No

5.5

6.5

0.0

When you are injured, do you immediately take care of
the oral wound?

Yes

100.0

100.0

93.5

No

0.0

0.0

6.5

P17

Do you tend to check your mouth breath before meeting
people?

Yes

42.5

43.5

46.5

No

57.5

56.5

53.5

P18

Do you use facial and oral care products regularly?

Yes

94.5

100.0

100.0

No

5.5

0.0

0.0

Yes

52.5

56.5

46.5

No

47.5

43.5

53.5

-

<0.001*

<0.001*

<0.001*

<0.001*

<0.001*

0.5531

Practice
P12

P16

P19

Do you pamper your face, lips, and teeth?

P20

Do you tend to keep a distance from the person with
whom you are talking to?

Yes

68.5

43.5

72.5

No

31.5

56.5

27.5

P21

Do you change your toothbrush atleast every 3 months

Yes

92.5

71.5

69.5

No

7.5

28.5

30.5

<0.001*

0.243

0.0677

0.0017*

<0.001*

0.7037

<0.001*

0.1314

0.622

<0.001*

[Table/Fig-2]: Distribution of the responses to the 21 itemed OFIS tool.

Test applied: Chi square test, *indicates statistically significant difference at p<0.05

that their teeth had some imperfection. Majority of the medical
students attributed this imperfection to irregularly placed teeth
(44.5%), whereas the Physiotherapy and Ayurveda students quipped
that having dirty/yellow teeth was their perceived imperfection.
Being in the direct and allied health care stream, the respondents
from the institutions were asked general healthcare questions,
stressing on the oral care aspects during these events. A 76.5% of
medical students opined that they take special care of their teeth
and oral health when they feel any sign of illness/general health
Journal of Clinical and Diagnostic Research. 2016 Nov, Vol-10(11): ZC45-ZC49

indisposition, whereas 33.5%of the Ayurveda participants differed
in their choice. All the Medical and Physiotherapy students further
perceived immediate oral wound care after any injurious event
as an important prerogative; however, 13 (6.5%) participants of
the Ayurveda group seemed to emanate a lackadaisical attitude
towards prompt oral care practice by not taking expeditious action
to care for the oral/teeth related injury. There is a possibility that
the respondents depicting a different perception towards prompt
oral wound care believe that a natural course of action through the
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innate healing capacity of the body is adequate to ward off or self
limit these injuries.
Whereas, 98.17% of total participants (589 out of 600) practiced
the use of facial and oral care products regularly, there was however
a revealing mixed response when asked whether they pamper their
face, lips and/or teeth. Medical (47.5%), Physiotherapy (43.8%) and
Ayurveda (53.3 %) groups disagreed to follow the aforesaid practice.
These two seamlessly interlinked questions probably throw light
on the difference between the perception of necessity and luxury.
Oral care, if instructed, reinforced and practiced adequately and
regularly, does not require supplementation with other cosmetic or
adjuvant products. Nevertheless, the 261 participants who agreed
to pamper their face, lips and/or teeth rendered it intelligible that
they are seemingly aware of the importance of oral hygiene and
maintenance, and willing to invest on oral and facial care products
to enhance the aesthetic component of their appearance and smile
too. They may also be influenced by the aggressive marketing
strategies adopted by companies manufacturing oral care and
cosmetic products.
The youth are proving to be particular and self-conscious about their
overall appearance and smile. Body art-work and cosmetic dental
treatment are increasingly being sought after in order to enhance
their personality, impart a unique trait and make an impeccable
impression that is noteworthy [26]. Delving into such newer
practices, a statistically significant 192 informants (36% Medical,
42% Physiotherapy and 18% Ayurveda) exhibited enthusiasm in
adorning their tooth with tooth/veneer jewellery, dazzlers/twinkles or
a tooth skyce. A surprisingly revealing 16% of the male participants
answered they were interested in getting this procedure done.
Contemporary and post-modern perspectives interpret these as
signifiers of the self and attempts to attain mastery and control
over the body in an age of increasing alienation. It is an expression
of individuality and uniqueness [27]. This postulates the emerging
interest in accepting and embracing newer and unconventional
trends in cosmetic dental care, slowly tending towards a cosmetic
need and necessity, more pronounced in the urban societal settings.
Also, males who appraised a boulevardier perception were keen
on getting a tooth jewel. Others have viewed such practices as
motivated by the desire for peer acceptance [28-30].
An impressive 99.17% of the 600 participants shunned the idea of
getting oral piercings involving the tongue, lips, and cheeks done.
Being in the healthcare arena, the respondents probably seemed
to be aware that such practices, not just being painful, could have
dire consequences such as significant risk of infection, speech
impediment, hypersensitivity reactions, nerve damage or scarring
[31-34].
While majority of the participants did not perceive to be overtly
conscious or uncomfortable with an oral examination being
performed, an indicative 153 participants responded otherwise. The
reason attributed to this could be probably dental fear or phobia
[35]. Also, many people feel uncomfortable about the physical
closeness of the dentist or hygienist to their face [36]. Others may
feel self-conscious about the appearance of their teeth or possible
mouth odours [37].
Medical 42.5 %, Physiotherapy43.5% and Ayurveda 46.5% subjects
revealed that they tend to check their mouth breath before meeting
people. This could throw light upon the fact that halitosis could be a
negative influence to their self-esteem and self-confidence, and that
they perceived oral malodor as an important aspect to tackle while
striving towards oral well-being [38].
Investigating the basic investment for a good oral hygiene practice,
a statistically significant majority of respondents declared that they
buy a new toothbrush once in at least three months.
Although, there seem to be a pool of validated scales assessing the
oral behaviours and practices of an individual, scientific literature
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reveals a dearth of sound instruments/tools that club the Oral
and facial behavioural and investment practices in congruity. The
OFIS tool displayed impressive psychometric properties, coupled
with the ease of use and administration. The brevity (21 Items for
a KAP Study), item content (Oral and facial self-reported aesthetic
and behavioural constructs), bipolarity (Items exploring positive and
negative constructs) and universality (cross-cultural applicability)
makes the OFIS tool to be explored as a global experience.
The authors express their gusto for others to use the OFIS in future
studies on different groups of populations, especially those not
related to the healthcare field. Studies are also encouraged to be
undertaken to discern the difference in aesthetic self-perception
among subjects residing in the urban settings and rural peripheries.
These could be contributive to a valuable insight to the self-appraisal
of the oro-dental structure, self-reporting potential and possible
treatment expectation from the population.

LIMITATION
One limitation of the study could be attributed to the fact that no
oral examination was conducted to clinically assess the oro-dental
findings and then find a possible association with the self perceived
notions of the participants.

CONCLUSION
The OFIS serves to stand as a novel outcomes and evaluation
measures tool and envisages in heralding a new vista towards
self-appraised oro-facial behavioural and aesthetic constructs. It
seamlessly amalgamates the dental unit with the immediate facial
components; hence, bringing together, in harmony, a multifaceted
dimension in self assessment of the overall facial and dental
behavioural practices.
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EDITORIAL

Primary Step of Ayurveda Research

“Research is a process of steps used to collect and analyze information to increase our understanding
of a topic or issue”. It consists of three steps: Pose a question, collect data to answer the question and present
an answer to the question. Ancient Indian sages have created novel healing approach of ayurveda through
the coded language of elementary principles. Break down this coded language is the key for understanding
the science. Hence to serve the novel therapeutic approach of Ayurveda in globally, the research on
Ayurveda should be carried out on the basis of such elementary principles of ayurveda. In order to execute
this job understanding the focal theme of Ayurveda is essential as this fundamental science mainly standing
on various technical terms. Research propagation in Ayurveda depends on indulgent of such technical terms.
There are three kinds of words and terms needs to be explored to make any science generalized. These are
Pratyaksha Shabda, Paroksha Shabda and Atiparoksha shabda. In Ayurveda majority of the words come
under last two categories. Hence, in any kind of Ayurveda research syntactical and etymological
understanding of meaning of term is mandatory. This consists of primary phase of research, if this done
properly in the beginning, then only succeeding steps will be fulfilled in true sense.
Now a day’s scientist of every field used to calculate and justify the research on the basis of
understanding of underline occult theme or concept. The days of copying the concept and modern correlation
has gone. German scholars are doing Ayurveda research on the basis of syntactic and etymology. So, each
and every Post Graduate institute should focus to develop and explore technical terms on the basis of
syntactic and etymological analysis to enrich understanding of Ayurveda concept and principles. For coming
ten years the focus on this area should provide bright angle of Ayurveda research and Ayurveda fraternity
will regain the golden status in the scientific arena.

Prof. Sanjeev Sharma
Director
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Clinical Study
A Clinical Study to Assess the Comparative Efficacy of
Shatavari-Mandur and Iron folic acid tablets in the
Management of Garbhini Pandu
*Dr. Rajesh Kanwar, **Dr. Sushila Sharma, ***Dr. Hetal H. Dave
Abstract
Garbhini Pandu/Anaemia in pregnancy is a common disease. In India, the prevalence of anemia in
pregnant women is as high as 88%. WHO defines anaemia in pregnancy as presence of haemoglobin less than
11gm/dl and haematocrit less than o.33gm/dl. However in India and most of the developing countries, the
lower limit is often accepted as 10gm/dl. Clinical features of anaemia depend up on the degree of anaemia.
The common features of anaemia are pallor of varying degree, fatigue, dyspnoea, anorexia, swelling on legs,
palpitation, pica etc. In Ayurvedic text, there is no direct description of garbhni pandu, but indirectly
garbhini pandu is described in garbhini lakshanas by different acharyas as physiological garbhini pandu &
Mahrishi Harit described about garbhini pandu as “Vivarantvam” in astha garbhopodarva and by other
acharyas in garbhavyapad as a pathological garbhini pandu.
The present study was conducted on 30 clinically diagnosed and confirmed patients of Garbhini Pandu.
The study was conducted with an objective of evaluating the role of Shatavari-Mandur and Iron folic acid
tablets in the management of Garbhini Pandu. Group A patients were treated with oral administration of
Shatavari-Mandur 500 mg b.i.d. Group B patients were treated with Iron folic acid tablets 1 b.i.d. During
the present trial it was observed that there was highly significant improvement in clinical manifestation of
anaemia after therapy with both drugs. But the percentage of relief was more in Shatavari-Mandur than Iron
folic acid tablets. The level of Hb, TRBC, PCV, MCV, MCH, MCHC, Serum Iron increases after therapy and
level of TIBC decreases in both groups.
Key words :- Garbhini Pandu, Anaemia, Shatavari-Mandur, Iron folic acid tablets

‚Ê⁄UÊ¥‡Êª÷Ê¸ﬂSÕÊ ◊¥ ‚Ê◊ÊãÿÃÿÊ “¬Êá«ÈU” ¬ÊÿÊ ¡ÊÃÊ „Ò– ÷Ê⁄Ã ◊¥ ‹ª÷ª 88 ¬˝ÁÃ‡ÊÃ ªÁ÷¸ÁáÊÿÊ° ¬Êá«ÈU ⁄UÊª ‚ ¬ËÁ«∏Ã „ÙÃË
„Ò¥– Áﬂ‡ﬂ SﬂÊSâÿ ‚¢ª∆Ÿ ∑§ •ŸÈ‚Ê⁄ „Ë◊ÙÇ‹ÙÁ’Ÿ 11 ¬˝ÁÃ‡ÊÃ ﬂ Á„◊≈ÙÁR§≈ 0.33 gm/dl ‚ ∑§◊ „ÙŸÊ ¬Êá«ÈU ◊ÊŸÊ ¡ÊÃÊ „Ò–
¬⁄ãÃÈ ÷Ê⁄Ã ¡Ò‚ Áﬂ∑§Ê‚‡ÊË‹ º‡Ê ◊¥ ª÷Ê¸ﬂSÕÊ ◊¥ Á„◊ÙÇ‹ÙÁ’Ÿ ∑§Ê ÁŸêŸ SÃ⁄ 10 gm/dl ◊ÊŸÊ „Ò– ¬Êá«ÈU ∑§ ‚Ê◊Êãÿ ‹ˇÊáÊ
¬Êá«ÈUÃÊ, èÊÍπ ∑§Ë ∑§◊Ë, Õ∑§ÊŸ, üÊ◊ ¡ãÿ ﬂÊ‚, ‡ÊÙÕ, Nº˜Œ˝ﬂ, ◊Îº ÷ˇÊáÊ •ÊÁº ◊ÊŸ ª∞ „Ò¥– •ÊÿÈﬂ¸ºËÿ ‚¢Á„ÃÊ•Ù¥ ◊¥ ¬˝àÿˇÊÃ—
ªÁ÷¸áÊË ¬Êá«ÈU ∑§Ê Áﬂﬂ⁄áÊ Ÿ„Ë¥ „Ò– ‹Á∑§Ÿ •¬˝àÿˇÊÃ—, ÁﬂÁ÷ãŸ •ÊøÊÿÊ¢¸ mÊ⁄Ê ªÁ÷¸áÊË ‹ˇÊáÊÙ ◊¥ ‡Ê⁄Ë⁄ ÁR§ÿÊà◊∑§ ªÁ÷¸áÊË ¬Êá«ÈU
∑§ L§¬ ◊¥ ÃÕÊ „Ê⁄UËÃ ‚¢Á„ÃÊ ◊¥ •Ê∆ ª÷Ê¸¬Œ˝ﬂÊ¥ ◊¥ “ÁﬂﬂáÊ¸àﬂ◊˜˜” ÃÕÊ •ãÿ •ÊøÊÿÊZ mÊ⁄Ê ª÷¸√ÿÊ¬º ◊¥ ﬂÒ∑§ÊÁ⁄∑§ ªÁ÷¸áÊË ¬Êá«ÈU
∑§Ê ﬂáÊ¸Ÿ „Ò– ß‚ •ŸÈ‚ãœÊŸ ◊¥ ¬Êá«ÈU ‚ ¬˝÷ÊÁﬂÃ 30 ªÁ÷¸áÊË ◊Á„‹Ê•Ù¥ ∑§Ù øÿŸÙ¬⁄Ê¢Ã 2 ﬂªÊZ ◊¥ Áﬂ÷ÊÁ¡Ã Á∑§ÿÊ ªÿÊ– ﬂª¸
∞ ◊¥ 15 M§ÇáÊÊ•Ù¥ ∑§Ù ‡ÊÃÊﬂ⁄Ë ◊á«ÍU⁄ 500 Á◊.ª˝Ê. ÁºŸ ◊¥ ºÙ ’Ê⁄ ÁºÿÊ ªÿÊ– ﬂ ’Ë ◊¥ 15 M§ÇáÊÊ•Ù¥ ∑§Ù •Êÿ⁄Ÿ »§ÙÁ‹∑§
∞Á‚«U ≈’‹≈˜‚ 2 ≈’‹≈ ÁºŸ ◊¥ ºÙ ’Ê⁄ ºË ªß¸– ß‚ •ŸÈ‚¢œÊŸ ∑§ ŸÃË¡Ê¥ ∑§ •ÊœÊ⁄ ¬⁄ ‡ÊÃÊﬂ⁄Ë ◊á«ÍU⁄ ªÁ÷¸áÊË ¬Êá«ÈU ◊¥
•Áœ∑§ ¬˝÷Êﬂ∑§Ê⁄Ë Á‚h „È•Ê–

*M.S.Scholar, **Associate Professor and Head, ***Assistant Professor, P.G. Department of Prasuti-Stri Roga, NIA, Jaipur
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Clinical Study
A Clinical Study to Assess the Comparative Efficacy of
Shatavari-Mandur and Iron folic acid tablets in the
Management of Garbhini Pandu
Dr. Rajesh Kanwar, Dr. Sushila Sharma, Dr. Hetal H. Dave
Introduction

as one of eight diseases supposed to occur during
pregnancy. 2 Here term vivarnatvam is a clear
indication of pallor colour which is the main sign of
Pandu. In garbhini masanumasiklakshana acharya
Charaka mentioned following symptoms in 5th, 6th
and 7th month.

Ayurveda, is one of the most ancient system
of life, health and cure. Child bearing (Pregnancy) is
also such physiological entity which is always ready
to convert into pathological entity, if uncared ( i.e
physiological anaemia convert into pathological
anaemia,if don’t take extra iron). Women are
considered as one of the most essential factor for
continuity of life. Acharya Charaka said that
“Woman is the origin of Progeny”.

In symptoms of fifth month

““∑§Ê‡ÿ¸◊Ê¬lÃ””3

means feeling of weakness. In symptoms of sixth
month ““’‹ﬂáÊ¸ „ ÊÁŸ”” 4 means there is feeling of
weakness and loss of complexion. In symptoms of
seventh month Chakarapani mentioned”. Sonita

The disease Pandu has been described on the
basis of its presentation. The peculiar color
presentation of the patient has been described by
Acharyas as

Hintam”

(‡ÊÙÁáÊÃ „ËŸÃ◊Ê) 5

means reduction in

concentration of haemoglobin. All these symptoms
are present in second trimester of pregnancy, so
these symptoms indirectly indicate Garbhini Pandu.

¬Êá«ÈUSÃÈ¬ËÃ÷ÊªÊœ¸∑§Ã∑§ËœÍÁ‹‚ÁãŸ÷—– (‡ÊéºÊáÊ¸ﬂ)
i.e. the color of the patient is like the ‘KetakiRaj’ which is similar to the combination color of
white and yellow in a particular proportion. The
disease Pandu has been widely and thoroughly
described in all Ayurvedic Samhitas. References
about this disease can be found since time
immemorial [e.g. in Vedas, Garuda-Puran, AgniPuran, Mahabharat, Valmiki Ramayan etc.)

During pregnancy, a woman’s body
undergoes many changes in order to provide needs
of her growing baby. Some of these physical changes
are very obvious, such as change in the body shape
and size while some changes are much less apparent,
change in the mother’s blood is one of these less
noticeable but important changes.
Physiological anaemia occurs during
pregnancy. There is disproportionate increase in
plasma volume, RBC volume and haemoglobin mass
during pregnancy which leads to physiological
anaemia.

It seems that Maharshi Kashyap told that
garbhini has similar symptomatology of rogas as in
any other individual. That’s why as like panduroga,
Acharyas did not describe garbhinipandu in a
separate chapter as named Garbhinipandu.

There is always remaining physiological iron
deficiency state during pregnancy. If a pregnant lady
does not take extra iron her Hb level falls below
10gm/dl & pathological iron deficiency anaemia
develop.

In Garbhiniarishtlakshana Mahrishi Kashyap
mentioned –

““ªÁ÷¸áÊË ºÈ’¸‹∑§Ê⁄Ê ÿÊ÷ﬂàÿÊÁ‚ÃÊ‚ÃË–
Öﬂ⁄‡øÊÁ÷Œ˝ﬂàÿŸÊÃSÿÊª÷Ê¸¢Áﬂ¬lÃ H”” 1

The clinical feature of anaemia depend up on
the degree of anaemia, Iron deficiency impairs cell
growth & proliferation especially of the RBCs.

First line means pregnant woman become
weak and white in complexion which indicate
severity of anaemia.
In Harita Samhita vivarnatvam is included
5
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Need of Study

3) To assess complication of Shatavarimandur if
any.

There are some salient reasons which lead to
the selection of this research topic-

Material & Methods

1 . High prevalence of Anaemia during pregnancy

The trial was conducted on 30 clinically
diagnosed and confirmed cases of anaemia during
pregnancy from OPD/IPD of Prasuti-Stree Roga
Department, National Institute of Ayurveda, Jaipur
(using randomized method of clinical trial).

2. Maternal and fetal risk due to anaemia during
pregnancy
3. Lack of safe and cost effective ultimate treatment
for anaemia in pregnancy
4. To give a safe, cheap, non-surgical and side effect
free alternative ayurvedic management for the
treatment of Garbhini Pandu with ayurvedic
preparations.

Study Design
The complete clinical trial was done on 30
patients. Two groups of 15 patients each were
formed. Each group of patients was administered the
drug as per schedule:-

Aims & Objectives
1) To assess the efficacy of Shatavari-mandur in the
management of garbhinipandu.
2) To compare the relative efficacy of Shatavarimandur and iron folic acid tablets.

Group

Drug

A

Shatavarimandur

B

Iron folic acid tablet

Group A – Shatavarimandur -

500 mg BD

Group B – Iron folic acid tablet -

(1 Tablet BD)

Dose/day

Duration

1000 mg / day

3 months

2 tablet / day

3 months

Duration of trail - Trail is conducted for a period
of 3 months. Follow up al the patients were reviewed
after 15 days for a period of 3 months.

b. If the condition of patient is deteriorated during
the trial, she excluded from the study.

Criteria Of Selection Of Patients

The drugs selected for present study were
Shatavari-Mandur and Iron folic acid tablets.

Selection Of Drugs

1. Inclusion criteria

a) Shatavari-Manduris mentioned in Bhaishajya
Ratnavali, soola rogadhikara.

a. Patients willing to participate in the trial.
b. A pregnant lady aged between 18-35 years of life.
c. Patients having anaemia in pregnancy, Hb less
than 10gm/dl, Haematocrit less than 30%.

Ingredients of Shatavari-Mandur
S.No.

Ingredients

2. Exclusion criteria

1.

Mandur-bhasam

a. Patients of age less than 18 and above 35 years
of life.

2.

Shatavari-swarasa

3.

Dahi

b. Anaemia other than Iron deficiency anaemia.

4.

Dugdha

c. Patients having Hb% less than 6gm/dl.

5.

Goghrit

d. Patients suffering from any systemic disease.

b) The second drug selected is Iron folic acid tablets
supplied by Government as a control group.

3. Withdrawal criteria
a. If any patient develops any complication she can
withdraw from trial.

Pretreatment Observation
All the patients have been studied along with
6

Vol.X No.1 Jan-Mar 2016

Journal of Ayurveda

the registration by noting down their demographic
profile including their age, address, occupation,
education, socioeconomic status, addictions, dietary
habits etc. After preliminary registration, patient
were subjected to detailed obstetrical case history
taking, physical, general, systemic and obstetrical
examination. During this all other relevant
information
like
Astavidhapariksha
and
Dashvidhapariksha etc. were noted.
Criteria Of Assessment
The subjective and objective criteria were
employed for assessment of the impact of therapy.

Pallor

l

Anorexia

l

Fatigue

l

Tachycardia

l

Dyspnoea

l

Edema

l

Tinnitus

l

Leg cramps

l

Pica

l

Palpitation

b.) Objective criteria:- The following
objective parameters were assessed before and after
the trial.
Haemoglobin (Hb)

l

Total red blood cell counts (TRBC)

l

Packed Cell Volume (PCV)

l

Mean Corpuscular Volume (MCV)

l

Mean Corpuscular Haemoglobin (MCH)

l

Mean Corpuscular haemoglobin Concentration
(MCHC)

Grades

l

Serum Iron
Total Iron Binding Capacity (TIBC)

Showing scoring pattern of subjective
criteria
Sign/Symptom

l

l

a.) Subjective criteria: - All the sign and
symptoms taken for the assessment of clinical
improvement were thoroughly examined and the
severity of each sign and symptom was rated before
and after the trial. For this purpose the following
scoring pattern of subjective criteria was used.

S.No.

Subjective diagnostic parameters were

1.

Nil

0

l

2.

Mild

1

Observations And Results

3.

Moderate

2

4.

Severe

3

Attempts were made to elicit the subjective
and objective improvement produced by the drugs
under trial.

Effect of therapy on objective parameters of Group- A
Laboratory
Parameters

N

Mean
AT

SD
(±)

SE
(±)

‘P’

Result

Dif.

Mean
%

‘t’

BT

Hb%

15

8.30

11.03

2.73

32.93

0.52

0.13

20.34

<0.001

H.S.

TRBC

15

3.30

4.25

0.95

28.73

0.43

0.11

8.52

<0.001

H.S.

PCV

15

26.05

33.64

7.59

29.12

2.32

0.60

12.64

<0.001

H.S.

MCV

15

68.80

84.14

15.34

22.30

9.71

2.51

6.12

<0.001

H.S.

MCH

15

25.45

30.26

4.81

18.88

3.82

0.99

4.87

<0.001

H.S.

MCHC

15

31.79

34.44

2.65

8.35

2.48

0.64

4.14

<0.001

H.S.

Serum Iron

15

72.67

102.67 30.00

41.28

9.82

2.54

11.83

<0.001

H.S.

TIBC

15

388.33 295.67 92.67

23.86

57.57

14.86

6.23

<0.001

H.S.

This Table shows the effect of therapy on objective parameters. Effect of Shatavari-mandur was found
to be highly significant (H.S.) in case of Hb%, TRBC, PCV, MCV, MCH, MCHC, Serum Iron and TIBC.
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Effect of therapy on objective parameters of Group- B

Laboratory
Parameters

N

Mean
AT

SD
(±)

SE
(±)

‘P’

Result

Dif.

Mean
%

‘t’

BT

Hb%

15

8.43

10.78

2.35

27.93

0.41

0.10

22.50

<0.001

H.S.

TRBC

15

3.64

4.37

0.73

20.06

0.49

0.13

5.81

<0.001

H.S.

PCV

15

25.01

35.39

10.38

41.50

2.94

0.76

13.66

<0.001

H.S.

MCV

15

71.96

81.78

9.82

13.65

9.46

2.44

4.02

<0.001

H.S.

MCH

15

27.27

31.45

4.17

15.30

3.96

1.02

4.08

<0.001

H.S.

MCHC

15

32.36

34.77

2.41

7.44

1.82

0.47

5.13

<0.001

H.S.

Serum Iron

15

60.55

96.87

36.31

59.97

28.13

7.26

5.00

<0.001

H.S.

TIBC

15

411.50

252.93 158.57

38.53

68.63

17.72

8.95

<0.001

H.S.

This Tableshows the effect of therapy on objective parameters. Effect of Iron folic acid tablets was
found to be highly significant (H.S.) in case of Hb%, TRBC, PCV, MCV, MCH, MCHC, Serum Iron and TIBC

Comparison of two groups (A, B) with each other on effect
of clinical features
Group

No. of
patient

Mean
AT

Dif.

%
Relief

SD
(±)

SE
(±)

‘t’

‘P’

Result

BT

A

15

1.20

0.03

1.16

98.28

0.59

0.15

7.73

<0.001

H.S.

B

15

1.18

0.60

0.57

52.91

0.42

0.12

4.46

<0.001

H.S.

This Table shows effect of trial drugs of group A and control group B on clinical feature of anaemia.
Group A shows 98.28% relief where as group B shows 52.91% relief. On statical analysis both drugs show
highly significant result. Trial drug of group A. Shatavari-mandur is more effective than control group B.
8
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Discussion
oxygen carrying capacity increase and dyspnoea
decreases. Other way we can say, after srotoshudhi,
patient feel relief from shawas.

Effect Of Therapy On Subjective Criteria Of
Anaemia During Pregnancy
(a) Effect on Pallor - Trial drug of Group A gave
93.33% of relief and Group B gave 94.29% of relief
in pallor. On statistical analysis the result was highly
significant in both groups.

f) Effect of Therapy on fetal Edema - Trial drug
of Group A gave 92.31% of relief and Group B gave
18.75% of relief. On statistical analysis the result was
highly significant in group A and significant in Group
B. This may be due to the fact that Group A has
diuretic, nutritive and hypotensive properties. On
examination edema of the legs may be due to
hypoprotienemia or associated pre-eclampsia.

(b) Effect on Anorexia - Trial drug of Group A
gave 100% of relief and Group B gave 32.35% of
relief in anorexia. On statistical analysis the result
was highly significant in both groups but percentage
of relief was more in Group A then Group B.
Shatavari–mandur has properties of deepan, rochak
and srotoshudhi, that’s why Group A shows better
result in anorexia. Except this shatavari used to
relive dyspepsia & used as appetizer.

g) Effect of Therapy on Tinnitus - Trial of drug
of Group A gave 100% of relief and Group B gave
100% relief in tinnitus. On statistical analysis result
was not significant in both groups.
h) Effect of Therapy on Leg Cramps - Group A
gave 100% of relief and Group B gave 25.53% relief
in leg cramps. On statistical analysis result was
highly significant in Group A and significant in Group
B. Pindikodvestana (Leg cramps) occur due to
increase in vata resulting from dhatuksaya and
improvement of rasaraktadidhatu nirmana and
improvement in agni. Hence the best improvement
in raktanirmana is indirectly responsible for best
relief in these symptoms.

c) Effect on Fatigue - Trial drug of Group A gave
97.22% of relief and Group B gave 30.00% of relief
in fatigue. On statistical analysis the result was highly
significant in group A and significant in group B. It
is due to sarvadhatu-vardhak and ojagunavridhi
properties of Group-A.
d) Effect on Tachycardia - Relief in tachycardia
was 100% in Group A and 60% in Group B. On
statistical analysis result was significant in both
groups. The cause behind these result may be related
to cardiotonic effect of shatavari.

i) Effect of Therapy on Pica - Trial drug of Group
A gave 100% relief and Group B gave 44.44% relief
in pica. On statistical analysis result was significant
in both groups. Reason may be ojagunavridhi and
rasayan property of Shatavari–mandur.

e) Effect on Dyspnoea - Trial drug of Group A
gave 100% of relief and Group B gave 57.14% relief
in dyspnoea on statistical analysis result was
significant in both groups. As the degree of
improvement in symptom is related to degree of
improvement in hemoglobin synthesis. So the

j) Effect on Palpitation - Trial drug of Group A
gave 100% relief and Group B gave 66.67% relief in
9
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palpitation. On statistical analysis result was
significant in Group A and highly significant in Group
B. It may be due to improvement in general debility
and cardiotonic effect of Group A.

is related to the improvement in cell morphology of
RBCs as well as improvement in RBC count which is
ultimately related to subsidence of anaemia due to
oral iron therapy given to the patients.

Effect of Therapy on Objective Criteria of
anaemia during pregnancy

The improvement in red cell absolute values
(MCV, MCH and MCHC) is also because of the
improvement in synthesis of haemoglobin.

In this study both groups showed highly
significant improvement in Hb% (P<0.001) with
32.93% in Group A and 27.93% in Group B. The cause
behind this result is that the absorption amount of
iron which present in Shatavari-Mandur is increased
by the help of ghrit which is one content of this drug.

Overall Clinical Improvement
The overall clinical improvement was highly
significant in both groups. But percentage of relief
was more in Group A (98.28%) then Group B
(52.91%). The probable cause of the best response in
clinical improvement of Group A (Shatavari Mandur) is described elaboretaly above.

Similarly there was highly significant
improvement in TRBC in both groups. Percentage of
relief was 28.73% in Group A and 20.06% in Group
B.

Conclusion

Trial drug of Group A gave 29.12%
improvement and Group B gave 41.50%
improvement in PCV on statistical analysis result was
highly significant in Group A and Group B.
Trial drug of Group A shows 22.30%
improvement and Group B shows 13.65%
improvement in MCV. On statistical analysis result
was highly significant in Group A and Group B.
In MCH, the improvement was 18.88% in
Group A and 15.30% in Group B. Result was highly
significant in both groups.
In MCHC, the improvement was 8.35% in
Group A and 7.44% in Group B. On statistical analysis
result was highly significant in both groups.
Trial drug of Group A shows 41.28%
improvement and Group B shows 59.97%
improvement in serum iron. On statistical analysis
result was highly significant in both groups.
Trial drug of Group A shows 23.86%
improvement and Group B shows 38.53%
improvement in TIBC. On statistical analysis result
was highly significant in Group A and Group B also.
Improvement in the values of TRBC, PCV and
red cell indices is related to the improvement in
anaemia. Improvement in RBC count may be due to
increased proliferation of erythrocytes due to
administration of iron suppliments in iron deficient
subjects. Similarly improvement in the values of PCV
10

l

On the basis of our classics, we can say that our
Acharyas indirectly told about Garbhinipandu
(i.e.in ashtagabhopadarva Acharya Harita
mentioned “vivarnatvam”).

l

According to Maharshi Kashayap pregnant
woman has similar symptomatology of disorders
like any other individual. That’s why Acharyas
did not describe Garbhinipandu separately.

l

Types of Garbhinipandu, indirectly given in our
classics is very much justified with physiological
anaemia during pregnancy and IDA during
pregnancy.

l

Aharalikepramitasana, upavasa, virudhaahara,
excessive use of kshara, amala, lavana etc.
Vihara like anidra, ativyayama, vyavaya,
manasika factors like chinta, shoka, krodha etc
are the main aetiological factors for
garbhinipandu.

l

Vatta pitta are the main vitiating factors leading
to agnidusti and production of ahara rasa with
less poshanaamsa which further leads an
improper formation of rasa-raktadidhatus. This
improper formed raktadhatu is not properly
colorized by the ranjaka pitta prakopa. Over and
above these
garbhavikas, poshana
&
stnayanirmana take place from this same rasa
raktadidhatu. So the quantitatively less and
improper colouredraktadhatu in combination of
prakupita pitta when travels through out the
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body produces Garbhinipandu.
l

The physiological demands of foetus effect all the
systems of female body particularly the
reticuloendothelial system of body, since this is
the only system which actively involve in
nourishing the foetus.

l

Physiological anaemia during pregnancy occurs
due to hemodilution and negative iron balance
during pregnancy

l

Iron deficiency anaemia is most prevalent
pathological anaemia during pregnancy. In iron
deficiency anaemia, first iron store depleted then
hemoglobin synthesis become impared and lastly
hemoglobin begin to falls below 10 gm/dl
&haematocrit below 30%.This is frank IDA,when
RBC become microcytic & hypochromic.

l

Anaemia can cause many complication in mother
and neonate. Due to anaemia chances of PIH,
APH, PROM, preterm labour, puerperal sepsis &
shock increases in mother. Due to mother’s
anaemia neonate may be premature & LBW.

l

Diet can not provide the extra demand of iron
during pregnancy. So iron supplement is
necessary during pregnancy.

l

Modern medicine has many side effects like
epigastric pain, nausea, vomiting, constipation
etc. So an alternative safe & cheap therapy is
required.

l

l

l

Group A has H.S. result in fatigue, leg cramps
and pedal edema also. Significant result was
found in tachycardia, dyspnoea, pica, palpitation.

l

Shatavari-mandur is effective in increasing the
hemoglobin percentage, RBC count, PCV, MCV,
MCH, MCHC, Serum Iron and decreasing TIBC.
Drug has shown highly significant result.

l

Iron folic acid tablets is effective in increasing the
hemoglobin percentage, RBC count, PCV, MCV,
MCH, MCHC, Serum Iron and decreasing TIBC.
Drug has shown highly significant effect in all
these values.

l

Percentage of relief is more in group A(98.28%)
then group B (52.91%) i.e. Shatavari-mandur
proves more effective than Iron folic acid tablets
(Ferrofol-Z) in this trial.

l

No side effect of Shatavari-mandur is proved in
the present study. So the drug are safe for the
anaemia in pregnants.

References

Shatavari-mandur has madhurrasa, snigdhguna,
sheetveerya, madhurvipaka which are suitable
for garbhini. Except this it’s properties are
raktadhatu-vardhan, garbh-sthapan, vrmhana,
vata-pitta shaman etc. All these aspects of this
drug are most beneficial forg arbhinipandu.
Both the drugs show highly significant result in
relieving pallor and anorexia and not defined in
tinnitus.

Group B has H.S. result in palpitation also and
other subjective criteria has significant result.

Thus it can be concluded that the Shatavarimandur is more effective than Ferrofol-Z in treating
the Garbhinipandu. Since the sample of study is very
small, so the conclusion drawn is not the ultimate.

Selected drugs for present study are Shatavari–
mandur (Group-A) & Iron folic acid tablets
(Group-B).Here Group-B as a control group.

l

l
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Clinical Study
A Clinical Trial On Yapana Basti In Reducing Toxic Effects
of Chemotherapy and Radiotherapy
*Dr. Seema Ahlawat, **Prof. Radhey Shyam Sharma
Abstract
This study evaluates the efficacy of Vayasthapanaadi Mahakashaya, administered in the form of
Yapana Basti in cancer patients who were receiving chemotherapy or Radio therapy. Eighty two patients of
Primary and Secondary stage of cancer were selected from Radiotherapy Department of SMS Medical College
and hospital and divided into five groups. Various toxic effects of Chemotherapy and Radiotherapy were
assessed and then compared to the Groups in which Basti Karma was done. Duration of Basti was 16 days
and follow-up was of 2 months. Clinically all the patients who received Basti, showed marked improvement
in all of their subjective parameters. Encouraging results were observed in hematological parameters too,
which suggests that Vayasthapanaadi Yapana Basti could be a very effective adjuvant therapy in reducing
side effects of chemo and Radiotherapy.
Keywords : Vayasthapanadi Mahakashaya, Yapana Basti, Radiotherapy, Chemotherapy, toxic effects.

‚Ê⁄Ê¢‡Ê¬˝SÃÈÃ ‡ÊÙœ ¬G ◊¥ •ÊøÊÿ¸ ø⁄∑§ mÊ⁄Ê ﬂÁáÊ¸Ã ﬂÿSÕÊ¬ŸÊÁº ◊„Ê∑§·Êÿ ∑§Ê ¬˝ÿÙª ˇÊË⁄ ’ÁSÃ ∑§ M§¬ ◊¥, ©Ÿ ∑Ò¥§‚⁄ ∑§
⁄ÙÁªÿÊ¥ ¬⁄ Á∑§ÿÊ ªÿÊ ∑§Ë◊ÙÕÒ⁄¬Ë ﬂ ⁄Á«UÿÙÕÒ⁄¬Ë (ÁﬂÁ∑§⁄áÊ ÁøÁ∑§à‚Ê) mÊ⁄Ê •¬ŸË ÁøÁ∑§à‚Ê ∑§⁄ﬂÊ ⁄„ Õ– ∑Ò¥§‚⁄ ∑§Ë ¬˝Õ◊
∞ﬂ¢ ÁmÃËÿ •ﬂSÕÊ ﬂÊ‹ 82 ⁄ÙÁªÿÊ¥ ∑§Ê øÿŸ ‚ﬂÊß¸ ◊ÊŸ Á‚¢„ •S¬ÃÊ‹ ∑§ ÁﬂÁ∑§⁄UáÊ ÁøÁ∑§à‚Ê Áﬂ÷Êª ‚ Á∑§ÿÊ ªÿÊ–
∑§Ë◊ÙÕÒ⁄¬Ë ﬂ ⁄Á«UÿÙÕÒ⁄¬Ë ∑§ ÁﬂÁ÷ãŸ ºÈc¬˝÷ÊﬂÊ¥ ∑§Ë ‚◊ËˇÊÊ ∑§⁄ ©Ÿ∑§Ë ÃÈ‹ŸÊ ©Ÿ ª˝È¬ ‚ ∑§Ë ªÿË, Á¡ã„ ‚ÊÕ ◊¥ ’ÁSÃ
ÁøÁ∑§à‚Ê ÷Ë ºË ¡Ê ⁄„Ë ÕË– ’ÁSÃ∑§◊¸ 16 ÁºŸ Ã∑§ ÁºÿÊ ªÿÊ ﬂ ©‚∑§ ¬‡øÊÃ˜ ÁøÁ∑§à‚∑§Ëÿ •äÿÿŸ 2 ◊Ê„ Ã∑§ Á∑§ÿÊ
ªÿÊ– Á¡Ÿ ⁄ÙÁªÿÊ¥ ∑§Ù ’ÁSÃ ÁøÁ∑§à‚Ê ºË ªß¸, ‹ª÷ª ©Ÿ ‚÷Ë ⁄ÙÁªÿÊ¥ ∑§Ù ∑§Ë◊ÙÕ⁄¬Ë ﬂ ⁄Á«UÿÙÕ⁄¬Ë ∑§ ÁﬂÁ÷ãŸ ºÈc¬˝÷ÊﬂÊ¥
◊¥ ‹Ê÷ Á◊‹Ê ﬂ ©Ÿ∑§Ë ⁄ÄÃªÃ ¬⁄ËˇÊáÊÊ¥ ◊¥ ÷Ë •¬ˇÊÊ∑Î§Ã ‚ÈœÊ⁄ Á◊‹Ê– ßŸ ¬Á⁄áÊÊ◊Ê¥ ‚ ÿ„ ÁŸc∑§·¸ ÁŸ∑§‹ÃÊ „Ò Á∑§ ’ÁSÃ∑§◊¸,
∑§Ë◊Ù ﬂ ⁄Á«UÿÙÕÒ⁄¬Ë ∑§ ºÈc¬˝÷ÊﬂÊ¥ ∑§Ù ∑§◊ ∑§⁄Ÿ ◊¥ ‚ˇÊ◊ „Ò–

*Panchkarma Vaidya, Ch. Brahm Prakash Ayurved Charak Sansthan, Khera Dabur, Najafgarh, New Delhi-110073
Ph. 09999704451 Mail id. Seemasrh1@yahoo.co.in **Vice Chancellor, Rajasthan Ayurveda University, Jodhpur
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Clinical Study
A Clinical Trial On Yapana Basti In Reducing Toxic Effects
of Chemotherapy and Radiotherapy
Dr. Seema Ahlawat, Prof. Radhey Shyam Sharma
Introduction:

reach their desired destinations easily and their
bioavailability is enhanced. When the channels are
purified, the administered drug and their metabolites
may not stagnate unduly long in the body and hence
the drug toxicity and side effects may get reduced.5

Cancer is a class of disease in which a group
of cells display the traits of uncontrolled growth,
invasion, and sometimes metastasis. Cancer may
affect people at all ages, even fetuses, but risk for the
more common varieties tends to increase with age.1
Most of the patients in our country attend the
hospital at a later stage, when little help could be
provided to them. However, the present protocol of
treatment
like
Radiotherapy
and
Multichemotherapy are not available to many of them,
because of costlier drugs. Moreover, one of the main
disadvantage of these drugs or treatment is their
cyto-toxicity, which not only destroys the cancer
cells but also all other normal cells of the body. Many
a time, the mortality becomes more due to these
chemotherapeutic agents than to the disease itself.2

Objectives
1 . To increase the quality of life of cancer patients
by reducing these toxic effects.
2. To provide a therapy, which is cost effective and
free from side effects of its own.
Material And Methods
1.1 Selection of patientsEighty two patients of different kind of cancer
taking chemo or radiotherapy were selected from
the O.P.D./I.P.D. of Radiotherapy Department, SMS
Medical college and Hospital, Jaipur, during year
2006-08 irrespective of sex, religion or caste.
Informed written consent was taken from each
patient.

Changes in food habits, lifestyle, and
environmental influences are factors which require
to be studied in relation to bodily changes and
biological functions. Influence of inorganic chemical
elements in the development of malignant diseases
and altered immuno-competence are areas where
Ayurvedic concept of immunity and use of
Panchakarma have to be usefully explored to
understand and alleviate this disease.3

a.
Inclusion Criteria : Age above 25 yrs.
Diagnosis
confirmed
by
histo-pathological
examination and of Primary and secondary stages.
b. Exclusion criteria: Advanced and recurrent
cases, Sarcoma of colon, Very debilitated or toxic
conditions, Metastatic stage.

In spite of all toxic effects, these therapeutic
measures of conventional medicine are unavoidable.
Present study is an effort to reduce these toxic
effects of Chemotherapy and Radiotherapy with the
help of some well proved herbs, administered in the
form of Basti Therapy, one of the major therapies of
Panchakarma.

c. Grouping of patients

Panchakarma is a comprehensive system of
knowledge and practices to purify the body from the
degenerative influence of toxins and restore it to
balance with natural law.4 If the body is biologically
purified and cleansed the physiology is restored
optimally and pathology reversed. The nutrients
13

Group

A

-

Only Chemotherapy

Group

B

-

Only Radiotherapy

Group

C

-

Chemotherapy + Basti karma

Group D

-

Radiotherapy + Basti karma

Group

-

Chemotherapy +
Radiotherapy + Basti karma

E
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2. Selection of Drug: This Kalpita Yog was
selected from Vayasthapanaadi Gana Mahakashaya
described by Acharya Charaka, accompanied with
few herbs with multi-fold properties indicated in
cancer with immunomodulatory effects. Contents of
Basti Drava were Amrita, Haritaki, Amalki, Rasna,
Aparajita, Jeevanti, Shatawari, Mandukparni,
Shalparni, Punarnava, 6 Ashwagandha, Chitrak,
Shireesh, Shallaki, Madhuyashti, Pippali, Tulsi,
Sadabahar, Madhu, Go-ghrit, Go-dugdha.

mentioned in our classics 7,8. 500-700 ml of Basti
Drava administered per rectum with basti netra,
depending on the Bala of patient.
4. Duration of trial- 16 days.
5. Follow –up: Patients were followed up for 2
months, every 7 days. Improvement and other
effects were noted.
6. Assessment Parameters-During the trial and
follow-up, patients were assessed on following
parameters- Subjective, Objective, Laboratorial.

3. Administration of Drug- Vayayastha-panaadi
ksheer Basti prepared on the line of Yapana Basti

Table:1 Statistical Analysis9 of Subjective parameters in Group A (only CT)
Symptoms

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Pain effects. Part

2.06

1.81

0.25

12.12%

16

0.86

0.21

1.17

> 0.1

Headache

1.27

1.64

-0.36

-28.57%

11

1.03

0.31

1.17

> 0.1

Loss of Appetite

0.95

1.95

-1.00

-105%

19

1.11

0.25

3.94

< 0.001

Gen. well being

3.53

2.00

1.53

43.28%

19

0.51

0.12

12.97

< 0.001

Constipation

1.00

1.69

-0.69

-68.75%

16

0.60

0.15

4.57

< 0.001

Vertigo

0.61

1.28

-0.67

-109%

18

0.49

0.11

5.83

< 0.001

Leg. Cramps

0.17

1.08

-0.92

-550%

12

0.79

0.23

4.00

< 0.005

Nausea

0.18

1.29

-1.12

-633%

17

0.49

0.12

9.50

< 0.001

Thirst

0.64

1.18

-0.55

-85.71%

11

0.52

0.16

3.46

< 0.010

Table:2 Statistical Analysis of Objective parameters in Group A (only CT)
Signs

Mean
B.T.

Mean
A.T.

Mean .
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Ca Cachexia

1.43

1.36

0.07

5.00%

14

0.27

0.07

1.00

> 0.1

LAP

1.50

1.10

0.40

26.67%

10

0.84

0.27

1.50

> 0.1

Alopecia

0.00

1.75

-1.75

12

1.29

0.37

4.71

< 0.001

Skin reaction.

0.00

1.00

-1.00

2

0.00

0.00

N.D.

Salivation

0.00

1.00

-1.00

2

0.00

0.00

N.D.

Mucosal. Reaction.

0.00

1.00

-1.00

1

14

N.D.
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Table: 3 Statistical Analysis of lab- investigations in Group A (only CT)
Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Hb gm%

13.48

12.30

1.18

8.75%

20

1.39

0.31

3.79

< 0.001

TLC

7525

9453

-1928

-25.62%

20

10319 2 3 0 7

0.84

> 0.1

Platelets

2.95

2.82

0.13

4.49%

20

0.66

0.15

0.89

> 0.1

B. Urea

28.00

30.60

-2.60

-9.29%

20

6.71

1.50

1.73

> 0.1

S. Creatinine

0.88

0.82

0.06

6.86%

20

0.21

0.05

1.27

< 0.1

S. AlkPO4

258

263

-4.35

-1.68%

20

46.18 10.33

0.42

> 0.1

S. Bilirubin

0.87

0.89

-0.02

-2.30%

20

0.29

0.06

0.31

> 0.1

SGOT

38.10

42.55

-4.45

-11.68%

20

8.08

1.81

2.46

< 0.025

SGPT

31.95

35.50

-3.55

-11.11%

20

14.75

3.30

1.08

> 0.1

Table: 4 Statistical Analysis of Subjective parameters in Group B (only RT)
Symptoms

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Pain effects. Part

1.50

1.70

-0.20

-13.33%

20

1.15

0.26

0.78

> 0.1

Headache

1.00

1.25

-0.25

-25.00%

12

0.62

0.18

1.39

> 0.1

Loss of Appetite

1.28

2.06

-0.78

-60.87%

18

0.94

0.22

3.50

< 0.005

Gen. well being

3.10

2.00

1.10

35.48%

20

0.79

0.18

6.24

< 0.001

Constipation

1.07

1.27

-0.20

-18.75%

15

0.68

0.17

1.15

> 0.1

Vertigo

0.91

1.55

-0.64

-70.00%

11

0.50

0.15

4.18

< 0.001

Leg. Cramps

1.50

1.63

-0.13

-8.33%

8

0.64

0.23

0.55

> 0.1

Nausea

1.00

1.00

0.00

0.00%

2

0.00

0.00

Thirst

0.89

1.72

-0.83

-93.75%

18

0.71

0.17

N.D.
5.00

< 0.001

Table:5 Statistical Analysis of objective parameters in Group B (only RT)
Signs

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Ca Cachexia

1.18

1.41

-0.24

-20.00%

17

0.56

0.14

1.73

> 0.1

LAP

1.33

1.00

0.33

25.00%

3

0.58

0.33

1.00

> 0.1

Alopecia

2.00

2.00

0.00

0.00%

9

0.00

0.00

Skin reaction.

0.33

1.42

-1.08

-325%

12

0.67

0.19

5.61

< 0.001

Salivation

0.88

0.88

0.00

0.00%

8

0.53

0.19

0.00

N.D.

Mucosal. Reaction.

0.83

1.92

-1.08

-130%

12

0.90

0.26

4.17

< 0.005

15

N.D.
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Table: 6 Statistical Analysis of lab- investigation in Group B (only RT)
Investigations

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Hb gm%

12.25

11.50

0.75

6.10%

19

1.46

0.33

2.23

< 0.050

TLC

8421

6757

1664

19.76%

19

3361

771

2.16

< 0.050

Platelets

3.09

2.73

0.36

11.52%

19

0.96

0.22

1.62

> 0.1

B. Urea

29.16

29.79

-0.63

-2.17%

19

11.83

2.71

0.23

> 0.1

S. Creatinine

0.88

0.89

-0.02

-1.80%

19

0.22

0.05

0.32

> 0.1

S. AlkPO4

216

223

-7.37

-3.41%

19

35.77

8.21

0.90

> 0.1

S. Bilirubin

0.84

0.94

-0.10

-11.95%

19

0.34

0.08

1.26

> 0.1

SGOT

48.00

50.79

-2.79

-5.81%

19

15.02

3.45

0.81

> 0.1

SGPT

35.47

36.05

-0.58

-1.63%

19

23.19

5.32

0.11

> 0.1

Table: 7 Statistical Analysis of Subjective parameters in Group C (CT+Basti)
Symptoms

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Pain effects. Part

2.40

1.40

1.00

41.67%

10

0.94

0.30

3.35

< 0.010

Headache

1.89

0.00

1.89

100.00%

9

0.60

0.20

9.43

< 0.001

Loss of Appetite

2.78

0.67

2.11

76.00%

9

0.60

0.20

10.54

< 0.001

Gen. well being

1.90

3.40

-1.50

-78.95%

10

0.71

0.22

6.71

< 0.001

Constipation

2.22

0.33

1.89

85.00%

9

0.78

0.26

7.25

< 0.001

Vertigo

2.30

0.30

2.00

86.96%

10

0.67

0.21

9.49

< 0.001

Leg. Cramps

1.60

0.10

1.50

93.75%

10

0.53

0.17

9.00

< 0.001

Nausea

2.25

0.25

2.00

88.89%

8

0.93

0.33

6.11

< 0.001

Thirst

2.00

1.11

0.89

44.44%

9

0.78

0.26

3.41

< 0.010

Table: 8 Statistical Analysis of Objective parameters in Group C (CT+Basti)
Signs

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Ca Cachexia

1.75

0.75

1.00

57.14%

8

0.53

0.19

5.29

< 0.001

LAP

2.00

1.50

0.50

25.00%

6

0.55

0.22

2.24

< 0.1

Alopecia

1.88

1.75

0.13

6.67%

8

0.35

0.13

1.00

> 0.1

MucosalReaction.

1.43

0.29

1.14

80.00%

7

0.90

0.34

3.36

< 0.025
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Statistical Analysis of Lab- parameters in Group C (CT+Basti)

Investigations

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Hb gm%

11.71

12.55

-0.84

-7.17%

10

0.80

0.25

3.31

< 0.025

TLC

6817

6495

322

4.72%

10

943

298

1.08

> 0.1

Platelets

3.32

3.39

-0.07

-2.23%

10

0.57

0.18

0.41

> 0.1

B. Urea

31.90

27.30

4.60

14.42%

10

6.02

1.90

2.42

< 0.050

S. Creatinine

0.92

0.78

0.14

15.22%

10

0.18

0.06

2.49

< 0.050

S. AlkPO4

272

245

26.50

9.76%

10

39.02 12.34

2.15

< 0.1

S. Bilirubin

0.85

0.70

0.15

17.65%

10

0.27

0.09

1.75

> 0.1

SGOT

42.40

35.40

7.00

16.51%

10

7.27

2.30

3.04

< 0.025

SGPT

36.40

28.90

7.50

20.60%

10

7.49

2.37

3.17

< 0.025

Table:10 Statistical Analysis of subjective parameters in Group D (RT+Basti)
Symptoms

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Pain effects. Part

2.60

1.20

1.40

53.85%

10

0.70

0.22

6.33

< 0.001

Headache

2.20

0.90

1.30

59.09%

10

1.16

0.37

3.55

< 0.010

Loss of Appetite

2.50

0.70

1.80

72.00%

10

0.63

0.20

9.00

< 0.001

Gen. well being

1.90

3.40

-1.50

-78.95%

10

0.71

0.22

6.71

< 0.001

Constipation

2.14

0.29

1.86

86.67%

7

0.38

0.14

13.00

< 0.001

Vertigo

2.00

0.20

1.80

90.00%

10

0.42

0.13

13.50

< 0.001

Leg. Cramps

1.78

0.11

1.67

93.75%

9

0.50

0.17

10.00

< 0.001

Nausea

1.40

0.00

1.40

100.00%

5

0.55

0.24

5.72

< 0.005

Thirst

1.71

1.00

0.71

41.67%

7

0.49

0.18

3.87

< 0.010

Table:11 Statistical Analysis of objective parameters in Group D (RT+Basti)
Signs

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Ca Cachexia

3.40

1.10

2.30

67.65%

10

0.48

0.15

15.06

< 0.001

Alopecia

2.00

1.43

0.57

28.57%

7

0.79

0.30

1.92

> 0.1

Skin reaction

2.00

0.86

1.14

57.14%

7

0.90

0.34

3.36

< 0.025

Mucosal Reaction

1.86

0.86

1.00

53.85%

7

1.00

0.38

2.65

< 0.025
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Table:12 Statistical Analysis of Laboratorial parameters in Group D (RT+Basti)
Investigations

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Hb gm%

12.41

13.21

-0.80

-6.45%

10

0.91

0.29

2.77

< 0.025

TLC

8430

7373

1057

12.54%

10

1145

362

2.92

< 0.025

Platelets

3.03

3.28

-0.26

-8.46%

10

0.59

0.19

1.38

> 0.1

B. Urea

30.66

25.90

4.76

15.53%

10

4.81

1.52

3.13

< 0.025

S. Creatinine

0.89

0.75

0.14

15.73%

10

0.18

0.06

2.49

< 0.050

S. AlkPO4

246

210

35.80

14.56%

10

41.27 13.05

2.74

< 0.025

S. Bilirubin

0.90

0.67

0.23

25.56%

10

0.32

0.10

2.30

< 0.050

SGOT

40.80

34.40

6.40

15.69%

10

7.92

2.50

2.56

< 0.050

SGPT

34.10

28.30

5.80

17.01%

10

7.28

2.30

2.52

< 0.050

Table:13 Statistical Analysis of subjective parameters in Group E (CT + RT + Basti)
Symptoms

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Pain effects. Part

2.40

1.30

1.10

45.83%

10

0.99

0.31

3.50

< 0.010

Headache

2.00

0.90

1.10

55.00%

10

1.10

0.35

3.16

< 0.025

Loss of Appetite

2.00

0.89

1.11

55.56%

9

1.05

0.35

3.16

< 0.025

Gen. well being

2.00

3.60

-1.60

-80.00%

10

0.52

0.16

9.80

< 0.001

Constipation

1.71

0.43

1.29

75.00%

7

0.49

0.18

6.97

< 0.001

Vertigo

2.00

0.22

1.78

88.89%

9

0.44

0.15

12.09

< 0.001

Leg. Cramps

1.67

0.22

1.44

86.67%

9

0.53

0.18

8.22

< 0.001

Nausea

1.71

0.57

1.14

66.67%

7

1.07

0.40

2.83

< 0.050

Thirst

2.33

1.56

0.78

33.33%

9

0.67

0.22

3.50

< 0.010

Table:14 Statistical Analysis of objective parameters in Group E
Signs

(CT + RT + Basti)

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Ca Cachexia

2.22

1.67

0.56

25.00%

9

0.53

0.18

3.16

< 0.025

LAP

2.67

1.33

1.33

50.00%

3

1.53

0.88

1.51

> 0.1

Alopecia

2.33

1.67

0.67

28.57%

6

0.82

0.33

2.00

> 0.1

Skin reaction

1.80

1.00

0.80

44.44%

5

0.45

0.20

4.00

< 0.025

salivation

2.00

0.00

2.00

100.00%

1

Mucosal Reaction

1.71

1.00

0.71

41.67%

7

18

N.D.
0.49

0.18

3.87

< 0.010
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Table:15 Statistical Analysis of laboratorial parameters in Group E (CT + RT + Basti)
Investigations

Mean
B.T.

Mean
A.T.

Mean
Dif.

Mean
%

No.

S.D.
(±)

S.E.
(±)

t

p

Hb gm%

12.14

13.03

-0.89

-7.33%

10

1.05

0.33

2.69

< 0.025

TLC

6755

6687

68.00

1.01%

10

2279

720

0.09

> 0.1

Platelets

2.89

3.60

-0.72

-24.85%

10

0.90

0.29

2.51

< 0.050

B. Urea

27.90

29.40

-1.50

-5.38%

10

6.79

2.15

0.70

> 0.1

S. Creatinine

0.96

0.77

0.19

19.79%

10

0.24

0.08

2.48

< 0.050

S. AlkPO4

222

195

27.20

12.24%

10

41.66 1 3 . 1 7

2.06

< 0.1

S. Bilirubin

0.75

0.63

0.12

16.00%

10

0.23

0.07

1.65

> 0.1

SGOT

44.50

34.70

9.80

22.02%

10

15.60

4.93

1.99

< 0.1

SGPT

35.00

29.30

5.70

16.29%

10

11.99

3.79

1.50

> 0.1

Observation/ Result :

(improper digestion) and due to decreased excretion
of toxins from the body facilitates other adverse
effects.

In the present study, 82 patients of various
type of cancer were registered in which 70 patients
completed the course of treatment. Results were
assessed according to the improvement in subjective,
objective and laboratorial parameters before and
after Basti Therapy and were compared to the groups
who did not receive Basti. Maximum number of
patients was from the age group of 45-55 years.
Maximum patients were Male, which suggests that
due to various addictions, (smoking bidi-cigarette,
Tobacco, Supari, pan Masala, Alcohol etc.) chances
of cancer increases which is commonly seen in
males. Most of the patients were Hindu, vegetarian,
married and belonged to middle income class,
followed by low income group. Out of 70 patients,
59 patients were addicted to something or other, and
out of 59, 32 were addicted to smoking (bidi/
cigarette).

In Group A and B majority of assessment
criteria showed negative percentage. It shows further
deterioration of the condition of patients with very
significant p- values. (Table1-6). In Group C, D and
E, negative percentage(78.95%, 78.95% and 80%) of
general well being signifies that in these group with
basti, overall well being of patients has improved
significantly. (Table7,10,13) which denotes the
Rasayan, Balya, Anti-oxidant, immunomodulatory
and Vayasthapana properties of basti.10
Negative percentage in few laboratory
parameters in group C, D and E indicates that either
they had no change or mild change after basti
therapy. (Table9,12,15)
Discussion and Conclusion

Most of the patients from this study were
suffering from Head and Neck malignancy followed
by cancer of cervix and breast. According to the
prakriti assessment, maximum patients were found
of Vata-Kaphaja Prakriti (58.57%) followed by VataPittaja Prakriti which shows that these prakriti are
more prone to developing cancer.

Results of this study once again had proven
the age old concept of Rasyana as Vayasthapanaadi
Ksheera Basti acted as a strong immunomodulator,
Adaptogenic, Anti-oxidant, found very beneficial in
reducing adverse effects of Chemotherapy and
Radiotherapy. It has greatly enhanced the immune
status of cancer patients, improved the condition of
metabolism in cancer patients receiving Chemo and
Radiotherapy at tissue as well as at cellular level as
significant improvement was seen in maximum of

As per the Koshtha assessment maximum of
the patients had Krura koshtha, which depicts that
Radio and Chemotherapy leads to Mandagni
19
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patient in terms of increased appetite and feeling of
well being. Maximum patients who received Basti
regained their confidence to fight against the adverse
effects of available modalities.

Reference
1.

Harding Rains,A.J, Bailley & Love’s Short Practice
of Surgery, 28 th ed.

2.

Indian Journal of Cancer,Lady Ratan Tata Medical
and Research Center,Bombay.

3.

PremlathaBalchandaran,
Cancer-an
Ayurvedic
perspective,
Pharmacological
research,51(2005).

4.

Agnivesh, Charak Samhita,Vidyotini tika by Pd.
Kashinath Pandey & Dr. Gorakhnath Chaturvedi,
Vol.1,
Sutrasthana16/20,
pg.321

5.

Agnivesh,CharakSamhita,Vidyotini
tika
Kashinath Pandey & Dr. Gorakhnath
Vol.1, Sutrasthana16/17-19,
pg.321

by
Pd.
Chaturvedi,

6.

Agnivesh,
CharakSamhita,Vidyotini
Pd.Kashinath Pandey &Dr. Gorakhnath
Vol.1, Sutrasthana04/50,
pg.98

tika
by
Chaturvedi,

7.

Arathy.P.S (1993)- Trivandrum, Kerala- “
Randomized clinical study to assess the efficacy
of Rasayan in improving the Nutritional status of
cancer patients undergoing Radiotherapy “

Agnivesh,CharakSamhita,Vidyotini
tika
by
Pd.Kashinath Pandey &Dr. Gorakhnath Chaturvedi,
Vol.2, Siddhisthana12/20,
pg.1107

8.

Maharishi
Lalchanda

9.

Methods of Bio-statistics, B.K. Mahajan, 6 th edition.

l

Mishra.S.K (2005) – NIA, Jaipur- “Taming the
carcinoma and side effects of Chemotherapy by
an indigenous formulation.”

1 0 . Ayurvediya Panchakarma Vigyan, Vaidya Haridas
Kasture, Baidyanath Ayurved Bhawan, 1997.

l

Vyas purvi (2005) – Jamnagar, Gujarat –
“Clinical study on the role of Guduchyadi
Rasayan as a Radio and Chemoprotective
adjuvant in the management of carcinoma.”

l

Rana Poonam (2006), N.I.A., Jaipur, “Evaluation
of the efficacy of an indigenous compound
‘Radiocare Ghanvati’, to ameliorate the side
effects of Radiotherapy in Head and Neck
malignancy”.

This method of vayasthapan with basti
karma had additional benefit as it had cleansing
effect by expelling waste metabolites, which were
stagnant due to disturbed metabolism.
It not only improved the physical condition
of cancer patient but also helped in reducing mental
trauma by improving the overall feeling of well
being. So it may be concluded that Vayasthapanadi
ksheera Basti was successful in not only adding
years in the life of cancer patients but also by
adding quality of life in the years they have left
with.
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A Comparative Study of Pracchana Karma And
Jalaukavacharana In Vicharchika W.S.R. To Eczema
*Dr. B. Swapna **Prof. Ananthashayanachary

***Prof. H.K.Kushwah

Abstract:
Skin represents the Integumentary system which is a 1.7 m2 barrier separating the potentially harmful
environment from the body’s vulnerable interior. The commonest afflictions of this organ involve contagious
and irritating pathologies, of which eczema is a disgusting condition rendering mental disturbance to the
sufferer. Eczematous diseases are very common with an estimated prevalence of more than 10% in the general
population. In ayurvedic parlance Vicharchika, a disease among 18 Kushtas, appears to be the collective
manifestation of all the clinical conditions of Eczema. The treatment approaches in Vicharchika are according
to doshic predominance where Charakacharya specified Pracchana Karma in Kshudra Kushta and
Jalaukavacharana in Kushta roga. The present research work compared the efficacy of both the procedures
in Vicharchika. Group B subjects got significant (P<0.05) result in all symptoms by Jalaukavacharana,
whereas Group A subjects got significant result in all symptoms except in Shyama Lohita Vrana (P>0.167).
Among 15 subjects of Group B all the subjects got significant result (P<0.05) by Jalaukavacharana, in 15
subjects of Group A one subject didn’t get significant result (P>0.195/2) by Pracchana karma.
Key words: Kushta, Eczema, Vicharchika, Raktamokshana, Jalaukavacharana, Pracchana.

‚Ê⁄UÊ¥‡ÊàﬂøÊ ‡Ê⁄Ë⁄ ∑§ 1.7 m2 ∑§Ê •Êﬂ⁄áÊ Ã¢G ¡Ù ‡Ê⁄Ë⁄ ∑§ ‚Á„cáÊÈ •ÊãÃÁ⁄∑§ •¢ªÙ ∑§Ù ’Ê„⁄Ë ŸÈ∑§‚ÊŸºÊÿ∑§ ﬂÊÃÊﬂ⁄áÊ ‚
•ﬂ⁄Ùœ∑§ÃÊ ¬˝ºÊŸ ∑§⁄ÃÊ „Ò– àﬂøÊ ∑§ ‚Ê◊Êãÿ ∑§c≈∑§Ê⁄Ë ‚¢∑˝§Ê◊∑§ ∞ﬂ¢ ˇÊÙ÷∑§ ⁄Ùª Áﬂ∑§Ê⁄Ù ◊ ∞ÁÄ¡◊Ê ∞‚Ê ÉÊÎÁáÊÃ ⁄Ùª „Ò ¡Ù
⁄ÙªË ∑§Ù ◊ÊŸÁ‚∑§ L§¬ ‚ ¬˝ÃÊÁ«UÃ ∑§⁄ÃÊ „Ò– ÿ„ ⁄Ùª ‚Ê◊Êãÿ ¡Ÿ‚¢ÅÿÊ ∑§ 10 ¬˝ÁÃ‡ÊÃ √ÿÁÄÃÿÙ ∑§Ù ¬˝÷ÊÁﬂÃ ∑§⁄ÃÊ „Ò–
∞ÁÄ¡◊Ê ⁄Ùª ∑§ ‹ˇÊáÊ •ÊÿÈﬂ¸º ◊ ﬂÁáÊ¸Ã 18 ∑È§c∆Ê¥ ◊ ‚ ∞∑§ ÁﬂøÁø¸∑§Ê ∑§ ‹ˇÊáÊÙ ‚ Á◊‹Ã „Ò– ÁﬂøÁø¸∑§Ê ∑§Ë ÁøÁ∑§à‚Ê
ºÙ·Ù ∑§Ë •‡ÊÊ¥‡Ê ∑§À¬ŸÊ ¬⁄ •ÊœÁ⁄Ã „Ò– Á¡‚∑§ Á‹∞ •ÊøÊÿ¸ ø⁄∑§ Ÿ ˇÊÈŒ˝ ⁄Ùª ◊ ¬˝ë¿UÊŸ ÃÕÊ ∑È§c∆ ⁄Ùª ◊ ¡‹ı∑§ÊﬂøÊ⁄áÊ
∑§Ê ﬂáÊ¸Ÿ Á∑§ÿÊ „Ò– ﬂÃ¸◊ÊŸ ‡ÊÙœ ∑§Êÿ¸ ◊ ºÙŸÙ ÁøÁ∑§à‚Ê ÁﬂÁœÿÙ ∑§Ê ÃÈ‹ŸÊà◊∑§ •äÿÿŸ Á∑§ÿÊ ªÿÊ
ª˝È¬ ’Ë ◊ ‚÷Ë ⁄ÙÁªÿÙ ∑§ ‚÷Ë ‹ˇÊáÊÙ ◊ ‚ÊÕ¸∑§ ¬Á⁄áÊÊ◊ (P<0.05) ¬˝Ê# „È∞– ª˝È¬ ∞ ∑§ ⁄ÙÁªÿÙ ◊ ‡ÿÊ◊ ‹ÙÁ„Ã
ﬂáÊ¸ ∑§ •‹ÊﬂÊ •ãÿ ‚÷Ë ‹ˇÊáÊÙ ◊ ‚ÊÕ¸∑§ ¬Á⁄áÊÊ◊ (P>0.167) ¬˝Ê# „È∞–
ª˝È¬ ’Ë ∑§ 15 ⁄ÙÁªÿÙ ◊ ‚ ‚÷Ë ◊ ¡‹ı∑§ÊﬂøÊ⁄áÊ mÊ⁄Ê ‚ÊÕ¸∑§ ¬Á⁄áÊÊ◊
⁄ÙÁªÿÙ ◊ ‚ ∞∑§ ⁄ÙªË ◊ ‚ÊÕ¸∑§ ¬Á⁄áÊÊ◊ (P>0.195/2) ¬˝Ê# Ÿ„Ë „È∞–

(P<0.05)

¬˝Ê# „È∞– ¡’Á∑§ ª˝È¬ ∞ ∑§ 15

*Lecturer, Dept.of shalya tantra, NIA, jaipur. **Head, Dept.of shalya tantra, Dr.B.R.K.R. Govt.Ayurvedic College,
Hyderabad, A.P. ***Former Head, Dept.of shalya tantra, NIA, jaipur.
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Clinical Study
A Comparative Study of Pracchana Karma And
Jalaukavacharana In Vicharchika W.S.R. To Eczema
Dr. B. Swapna, Prof. Ananthashayanachary, Prof. H.K. Kushwah
Introduction:

Pitta dosha 5 as the main cause and narrated
Raktamokshana 6 as the radical treatment and
Charakacharya specified Pracchana Karma 7 in
Kshudra Kushta and Jalaukavacharana8 in Kushta
roga, making the treatment more comprehensive.

Ayurveda, the comprehensive and most
contemporary of the medical systems ever, had
included in it the most common ailments with
diversified treatment modalities and desirable
results. Of all the systems which play important role
in deciding a person’s health, integumentary system
appears to be the sheet anchor, as it has
multidimensional functions in addition to its
withholding capacity of all the body organs.

Both the Bloodletting procedures are
effective and conducive and hold an edge over
conventional corticosteroid therapy. The present
research work considered both the procedures on the
comparative lines and their efficacy in Vicharchika
is evaluated.

The skin thus is extraordinary structure. We
are absolutely dependent on this 1.7 m2 of barrier
separating the potentially harmful environment from
the body’s vulnerable interior1. The skin is frequently
damaged because it is right in the firing line. Each of
various cell types that it contains can go wrong and
develop its own degenerative and neoplastic
disorders. The commonest afflictions of this organ
involve contagious and irritating pathologies, of
which eczema is a disgusting condition rendering
mental disturbance to the sufferer.

Aims And Objectives:
1) To assess the efficacy of Pracchana karma in
Vicharchika.
2) To assess the efficacy of Jalaukavacharana in
Vicharchika.
3) To compare the effects of both interventions i.e.
internal comparison
Material & Methods:
A) Subjects:

Eczematous diseases are very common with
an estimated prevalence of more than 10% in the
general population. According to the statistics 1525% of all dermatological patients suffer from
eczema.

There were two groups, Gr. A and Gr. B with
15 subjects in each (total 30 patients) with
irrespective of sex, religion etc. were selected
randomly for the trial from O.P.D of Dr.B.R.K.R.Govt.
Ayurvedic Hospital, Hyderabad; and O.P,
Dermatology department, ESI Hospital, Erragadda,
Hyderabad.

Vicharchika2-4, a disease among 18 Kushtas,
which is though not dangerous, creates physical and
mental agony leading to socio-economical problems
to the person affected. This condition appears to be
the collective manifestation of all the clinical
conditions of Eczema.

The study was explained to the subjects and
their written, signed informed consent was taken.
b) Selection:

The ultimate and effective remedial principle
for such a condition was mentioned long back in
Ayurvedic literature as Raktamokshana, a safe and
sterile bloodletting procedure.

Inclusion Criteria:

The treatment approaches according to
doshic
predominance
were
explained
by
Ayurvedacharyas, where Susrutacharya attributed
22

l

Subjects with classical signs and symptoms of
Vicharchika were included in the trial.

l

The lesions which were present on peripheries i.e.
hands and legs are only included for the trial.

l

with ages ranging from 15 – 55 yrs,
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Exclusion Criteria:

24 No.Needle or Sterile lancets

l

HIV patients

Betadine solution

l

Anaemia

Sterile Gloves

l

Blood dyscrasias

Sterile Cotton & Pads

l

Uncontrolled DM and

l

Other systemic disorders which interfere with the
treatment were excluded.

l

Lesions which were present on marmas were
excluded.

For Jalaukacharana (Leech therapy):
Non-Poisonous leeches
Sterile Gloves
Sterile Pads
Kidney Trays

A Disease specific Proforma was prepared
and the observations were recorded after doing
General, Systemic and Local examinations. Routine
Blood investigations like Hb%, TC, DC, CT, BT, ESR,
RBS, and Bl.Urea, Sr. creatinine were done to every
patient before starting the treatment.

Fresh Water
24 No. Needles
Turmeric Powder
Roller Bandages

c) Study Design: Randomised Clinical Trial (Rct)

g). Treatment Procedures:

Pracchana Karma was done to Gr.A subjects.

i) Pracchana Karma9-10:

Jalaukavacharana was done to Gr.B subjects

Purva karma:

d). Time Frame: 7 weeks, trial period - Both
interventions are administered as once in a week for
5 weeks with followup of 2 weeks .

l

Allow the patient to sit or lie comfortably.

l

The part where the procedure is going to do
should be cleaned with antiseptic solution.

l

Torniquet should be applied about 3-4 inches
above the site of lesion.

e) Parameters:

The following subjective parameters were
considered as the criteria for results.

Pradhana karma:

1) Kandu
2) Pidika
3) Shyava

l

Pracchana karma should be done with sterile
lancet or sterile 24 no. Needle.

l

The process should be made from below
upwards, not from above downwards

l

The process should be made quickly without
causing any damage to underlying veins and
arteries and the area is left undisturbed for
optimum flow of blood.

l

In the next minute, the blood over the area is
wiped with (a blunt edge) cotton swab to allow
maximum flow.

4) Ruja
5) Srava
6) Raji
7) Shyama Lohita Vrana
8) Rukshata
9) Daha
f). Materials used :

Paschat karma:

For Pracchana karma :

l

Tourniquet
23

When the flow is completely stopped, tourniquet
is removed to ensure ending of the procedure.
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The area is cleaned & mopped with the sterile
cotton and apply secured bandage.

Statistical Analysis: The obtained data
was analysed statistically by paired ‘t’ test and the
values expressed as mean , SEM (Standard error of
mean). The level of p <0.05 were considered as
statistically significant. Level of significance was
noted and interpreted accordingly.

ii) Jalaukavacharana (Leech Therapy):
Selection of Leeches:
l

Non-Poisonous varieties.

l

Dull and fatigued leeches which suck less quantity
of blood are avoided11.

Observations & Results:
Distribution of patients: Out of 30
patients of Vicharchika, 43.33% (13) patients were
in the age group of 16-30years, 40% (12) patients
were in the age group of 31-45 years, 16.67% (5)
patients were in the age group of 46-60 years.
(76.67%) 23 were in male sex group and (23.33%) 7
were in female sex group. 70% (21) patients were
in Hindu group, 26.67% (8) patients were in Muslim
group and 3.33% (1) patients were in Christian
group.

Purva karma:
Preparation of the patient:
l

Patient is asked to sit or lie comfortably.

l

The part for the application of leeches is to be
cleaned properly with luke warm water.
Preparation of the Leech:

l

Leeches should be kept in a solution mixed with
the paste of Haridra or Sarsapa for muhurtha
kala and then shift to fresh water.

23.33% (7) were in Low income group, 70%
(21) patients were in Middle income group and 6.67%
(2) patients were in High income group. 23.33% (7)
were in sedentary group, 60% (18) were in Labour
group and 16.67% (5) were in contact with chemicals
group. 23.33% (7) patients were in Veg group and
76.67% (23) patients were in mixed diet group.
13.33% (4) patients were in smoking group, 26.67%
(8) patients were in drinking group and 13.33% (4)
pateints were in tobacco and betel nut chewing
group.

Pradhana karma12,13:
l

Hold the leech gently with a smooth cotton or
cloth.

l

If it doesn’t stick, make a small prick.

l

When it sticks its mouth raises as horse’s hoof
(Ashwa khuravadaanam).

l

Cover it with a fine cloth and moisten by
continuous pouring of water.

l

Leech will detach by itself after sucking for
duration of 30 – 45 minutes.

l

If it doesn’t detach sprinkle Saindhavalavana or
Haridra powder on its mouth.

20% (6) patients got the lesions on upper
limbs, 70% (21) patients got the lesions on lower
limbs and 10% (3) patients got the lesions on both
upper and lower limbs. In 46.67% (14) patients the
lesions were distributed symmetrically and in 53.33%
(16) patients the lesions were distributed
asymmetrically. Out of 30 patients, 73.33% (22)
patients were in the chronicity group of 1-4 yrs, (8)
26.67% patients were in the chronicity group of 5-8
yrs. 30% (9) patients were affected by Stasis Eczema,
26.66% (8) patients were affected by ICD, 20% (6)
patients were affected by Discoid Eczema, 13.34% (4)
patients were affected by LSC and 10% (3) patients
were affected by Photodermatosis. In 53.33% (16)
patients Vata Kapha syptoms were observed, in
43.33% (13) patients tridoshaja symptoms and in
3.33% (1) patient Pitta Kapha symptoms were
observed.

Paschat Karma:
Patient:
§

The wound so formed bleeds for long time. So
apply tight secured sterile bandage

Leech:
§

Allow the leech to vomit the blood by sprinkling
haridra powder on its mouth and squeeze gently
from tail towards head.

24
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Effect of treatment on parameters:
By observing the P values of all 9 parameters
before and after treatment, in Group B subjects
significant result (improvement) is obtained by
Jalaukavacharana. In Group A subjects significant
result is observed by Pracchana karma in all
parameters except in ‘Shyama Lohita Vrana’
symptom. (Table no. I)

relief (25%-50%) and 2 subjects got Moderate relief
(50%-75%) by Prachhana karma and in Group B, 2
subjects got complete relief (100%), 7 got marked
relief (75%-above), 3 got moderate result (50%-75%)
and
3
got
mild
relief
(25%-50%)
by
Jalaukavacharana.
Internal comparison of two groups:
1)

In Group A, by observing the % difference of
individual parameter in all subjects after 7 th week,
among 9 variables (symptoms), Ruja & Srava
reduced by 75%, Shyava varna reduced by only 19%
and remaining parameters reduced mildly (25%-50%)
by Pracchana karma and in Group B, Srava,
Shyama lohita Vrana, Ruja, Kandu, Daha were
reduced by >85%, Raji, Pidika were reduced by >65%
and Ruksha, Shyava Varna reduced mildly, above
45% by Jalaukavacharana. (Table no. II)

After completion of treatment with two
interventions in their respective groups,
percentage of changes in individual variable and
in individual subject wise are more in Gr.B than
in Gr.A that means results are more encouraging
by Jalaukavacharana than by Pracchana karma
(Graph 1 and Graph 2).

2). P values of Gr.A is 0.003 and Gr.B is 0.001
(<0.05). Even though both the groups got
significant results by their respective
interventions, Gr.B got more significant results
(improvement) than Gr.A.

Effect of treatment on individual subject:
(Table no. III)
In Group A by observing the % differences in
each individual after treatment, 13 subjects got mild

Table I : P values of individual variables (parameters) in two groups
S.

Variable /

no

Symptom

1

Kandu

Group

GroupA

GroupB

2

Pidika

GroupA

GroupB

3

Shyava

GroupA

GroupB

4

Ruja

GroupA

n

15

15

15

15

15

15

15

Mean
BT

DT

AT

2.8

2.2

1.67

2.87

1.87

1.07

1.4

2.07

0.53

1.2

1.67

0.6

1.2

1.27

0.33

25

0.4

1.13

0.33

1.13

1.07

0.13

MD

SD

SEM

P

Re

Bt-Dt

0.60

0.51

0.13

0.000

S

Bt-At

1.13

0.35 0.09 0.000

S

Bt-Dt

1.67

0.49

0.13

0.000

S

Bt-At

2.47

0.83 0.22

0.000

S

Bt-Dt

0.20

0.41

0.11

0.041

S

Bt-At

0.73

0.46

0.12

0.000

S

Bt-Dt

0.47

0 . 7 4 0.19

0.015

S

Bt-At

0.73

1.10

0.28

0.011

S

Bt-Dt

0.20

0.41

0.11

0.041

S

Bt-At

0.27

0.46

0.12

0.020

S

Bt-Dt

0.80

0.41

0.11

0.000

S

Bt-At

1.0

0.65 0 . 1 7

0.000

S

Bt-Dt

0.20

0.41

0.11

0.041

S

Bt-At

0.40

0 . 7 4 0.19

0.027

S
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GroupB

5

Srava

GroupA

GroupB

6

Raji

GroupA

GroupB

7

Shyama lohita

GroupA

15

15

15

15

15

15

1.67

0.8

1.33

.53

0.4

0.2

0.73

0.13

053

0.4

0.33

0.2

0.13

0.2

0.06

0.33

0.13

0.13

Vrana
GroupB

8

Ruksha

GroupA

GroupB

9

Daha

GroupA

GroupB

15

15

15

15

15

1.2

1.2

1.13

0.53

0.93

0.53

0.06

0.93

0.6

0.67

0.33

0.4

0.6

0.33

0.13

Bt-Dt

0.93

0.88 0.23 0.0005

S

Bt-At

1.53

1.36

0.35 0.0005

S

Bt-Dt

0.27

0.46

0.12

S

Bt-At

0.60

0.63

0.16 0.0015

Bt-Dt

0.93

0.96 0.25

0.01

S

Bt-At

1.27

1.28

0.33

0.01

S

Bt-Dt

0.20

0.41

0.11

0.041

S

Bt-At

0.20

0.41

0.11

0.041

S

Bt-Dt

0.20

0.41

0.11

0.041

S

Bt-At

0.27

0.46

0.12

0.021

S

Bt-Dt

0.06

0.26 0.06

0.165

Ns

Bt-At

0.06

0.26 0.06

0.165

Ns

Bt-Dt

0.67

0.90 0.23

0.006

S

Bt-At

1.13

1.46

0.38 0.0045

S

Bt-Dt

0.27

0.46

0.12

0.02

S

Bt-At

0.6

0.51

0.13

0.000

S

Bt-Dt

0.47

0.64 0 . 1 7

0.007

S

Bt-At

0.53

0.83 0.22

0.016

S

Bt-Dt

0.20

0.41

0.11

0.041

S

Bt-At

0.20

0.41

0.11

0.041

S

Bt-Dt

0.53

0.83 0.22

0.013

S

Bt-At

0.80

1.15

0.008

S

0.30

n- No.of subjects

BT M, DT M, AT M –MEANS of BT, DT, AT Periods

MD - Mean Difference

SD - Standard Deviation

SEM - Standard Error Mean
P - Probability of occurrence of result due to random error or by chance.
If p value is <0.05, the results are more significant.
BT-DT (paired variable) - means DT period compared to BT period
BT-AT (paired variable) - means AT period compared to BT period
S - Significant.

NS - Non Significant.

26

0.021

S
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copyrighted (articles written by employees of the
governments in the course of their work, for
example).

on an individual basis. Such an error should not be
confused with inadequacies exposed by the
emergence of new scientific information in the
normal course of research. The latter requires no
corrections or withdrawals.

III.D. Overlapping Publications
III.D.1. Duplicate Submission

The second type of difficulty is scientific
fraud. If substantial doubts arise about the honesty
or integrity of work, either submitted or published,
it is the editor’s responsibility to ensure that the
question is appropriately pursued, usually by the
authors’ sponsoring institution. However, it is not
ordinarily the task of editors to conduct a full
investigation or to make a determination; that
responsibility lies with the institution where the work
was done or with the funding agency. The editor
should be promptly informed of the final decision,
and if a fraudulent paper has been published, the
journal will print a retraction. If this method of
investigation does not result in a satisfactory
conclusion, the editor may choose to conduct own
investigation. As an alternative to retraction, the
editor may choose to publish an expression of
concern about aspects of the conduct or integrity of
the work.

The Journal will not consider manuscripts
that are simultaneously being considered by other
journals.
III.D.2. Redundant Publication
Redundant (or duplicate) publication is
publication of a paper that overlaps substantially
with one already published in print or electronic
media.
Readers of primary source periodicals,
whether print or electronic, deserve to be able to
trust that what they are reading is original unless
there is a clear statement that the article is being
republished by the choice of the author and editor.
The bases of this position are international copyright
laws, ethical conduct, and cost-effective use of
resources. Duplicate publication of original research
is particularly problematic, since it can result in
inadvertent double counting or inappropriate
weighting of the results of a single study, which
distorts the available evidence.

The retraction or expression of concern, so
labeled, will appear on a numbered page in a
prominent section of the print journal as well as in
the online version, be listed in the contents page,
and included in its heading the title of the original
article. It will not simply be a letter to the editor.
Ideally, the first author will be the same in the
retraction as in the article, although under certain
circumstances the editor may accept retractions by
other responsible persons. The text of the retraction
should explain why the article is being retracted and
include a full original citation reference to it.

This journal does not wish to receive papers
on work that has already been reported in large part
in a published article or is contained in another
paper that has been submitted or accepted for
publication elsewhere, in print or in electronic
media. This policy does not preclude the journal
considering a paper that has been rejected by
another journal, or a complete report that follows
publication of a preliminary report, such as an
abstract or poster displayed at a professional
meeting. Nor does it prevent the journals considering
a paper that has been presented at a scientific
meeting but not published in full or that is being
considered for publication in a proceedings or
similar format.

The validity of previous work by the author
of a fraudulent paper cannot be assumed. Editors
may ask the author’s institution to assure them of the
validity of earlier work published in their journals or
to retract it. If this is not done editors may choose
to publish an announcement expressing concern that
the validity of previously published work is
uncertain.

When submitting a paper, the author must
always make a full statement to the editor about all
submissions and previous reports that might be
regarded as redundant or duplicate publication of the
same or very similar work. The author must alert the
editor if the manuscript includes subjects about

III.C. Copyright
The copyright status of articles in a given
journal can vary: some content cannot be
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translations to be “republications,” and does not
cite or index translations when the original article
was published in a journal that is indexed in
MEDLINE.

which the authors have published a previous report
or have submitted a related report to another
publication. Any such report must be referred to and
referenced in the new paper. Copies of such material
should be included with the submitted paper.

III.D.4. Competing Manuscripts Based on the
Same Study

III.D.3. Acceptable Secondary Publication

Two kinds of competing submissions will be
considered: submissions by coworkers who disagree
on the analysis and interpretation of their study, and
submissions by coworkers who disagree on what the
facts are and which data should be reported.

Certain types of articles, such as guidelines
produced by governmental agencies and professional
organizations, may need to reach the widest possible
audience. In such instances, editors will choose to
publish material that is also being published in other
journals. Secondary publication for various other
reasons, in the same or another language, especially
in other countries and/or states, is justifiable, and
can be beneficial, provided all of the following
conditions are met.

Setting aside the unresolved question of
ownership of the data, the following general
observations may help editors and others dealing
with these problems.
III. D.4.a. Differences in Analysis or
Interpretation
If the dispute centers on the analysis or
interpretation of data, the authors should submit a
manuscript that clearly presents both versions. The
difference of opinion should be explained in a cover
letter. The normal process of peer and editorial
review of the manuscript may help the authors to
resolve their disagreement regarding analysis or
interpretation.

1 . The authors have received approval from the
editors of both journals; the editor concerned
with secondary publication must have a
photocopy, reprint, or manuscript of the primary
version.
2. The priority of the primary publication is
respected by a publication interval of at least one
week.
3. The paper for secondary publication is intended
for a different group of readers; an abbreviated
version could be sufficient.

If the dispute cannot be resolved and the
study merits publication, both versions will be
published. Options include publishing two papers on
the same study, or a single paper with two analyses
or interpretations. In such cases it would be
appropriate for the editor to publish a statement
outlining the disagreement and the journal’s
involvement in attempts to resolve it.

4. The secondary version faithfully reflects the data
and interpretations of the primary version.
5. The footnote on the title page of the secondary
version informs readers, peers, and documenting
agencies that the paper has been published in
whole or in part and states the primary
reference. A suitable footnote might read: “This
article is based on a study first reported in the
[title of journal, with full reference].”

III.D.4. b. Differences in Reported Methods or
Results
If the dispute centers on differing opinions of
what was actually done or observed during the study,
the journal editor will refuse publication until the
disagreement is resolved. Peer review cannot be
expected to resolve such problems. If there are
allegations of dishonesty or fraud, editors will inform
the appropriate authorities; authors will be notified
of editor’s intention to report a suspicion of research
misconduct.

Permission for such secondary publication
should be free of charge.
6. The title of the secondary publication should
indicate that it is a secondary publication
(complete republication, abridged republication,
complete translation, or abridged translation) of
a primary publication. Of note, the National
Library of Medicine does not consider
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III.D.5. Competing Manuscripts Based on the
Same Database

appears on line. These policies should be published
both in print and electronic versions of the journal.

Editors may sometimes receive manuscripts
from separate research groups that have analyzed
the same data set, e.g., from a public database. The
manuscripts may differ in their analytic methods,
conclusions, or both. Each manuscript will be
considered separately. Where interpretations of the
same data are very similar, it is reasonable but not
necessary for editors to give preference to the
manuscript that was received earlier. However,
editorial consideration of multiple submissions may
be justified in this circumstance, and there may even
be a good reason for publishing more than one
manuscript because different analytical approaches
may be complementary and equally valid.

III.F. Supplements, Theme Issues, and Special
Series
Supplements are collections of papers that
deal with related issues or topics, are published as a
separate issue of the journal or as part of a regular
issue, and are usually funded by sources other than
the journal’s publisher. Supplements can serve useful
purposes: education, exchange of research
information, ease of access to focused content, and
improved cooperation between academic and
corporate entities. Because funding sources can bias
the content of supplements through the choice of
topics and viewpoints, this journal adopts the
following principles. These same principles apply to
theme issues or special series that have external
funding and/or guest editors.

III.E. Correspondence
As a mechanism for submitting comments,
questions, or criticisms about published articles, as
well as brief reports and commentary unrelated to
previously published articles. This will likely, but not
necessarily, take the form of a correspondence
section or column. The authors of articles discussed
in correspondence should be given an opportunity
to respond, preferably in the same issue in which the
original correspondence appears. Authors of
correspondence will be asked to declare any
competing or conflicting interests.

1 . The journal editors take full responsibility for the
policies, practices, and content of supplements,
including complete control of the decision to
publish all portions of the supplement. Editing by
the funding organization will not be permitted.
2. The journal editors will retain the authority to
send supplement manuscripts for external peer
review and to reject manuscripts submitted for
the supplement.
3. The journal editors will approve the appointment
of any external editor of the supplement and take
responsibility for the work of the external editor.

Published correspondence may be edited for
length, grammatical correctness, and journal style.

4. The sources of funding for the research,
publication, and the products the funding source
make that are considered in the supplement
should be clearly stated and prominently located
in the supplement, preferably on each page.
Whenever possible, funding should come from
more than one sponsor.

Although editors have the prerogative to sift
out correspondence material that is irrelevant,
uninteresting, or lacking in cogency, they have a
responsibility to allow a range of opinion to be
expressed. The correspondence column will not be
used merely to promote the journal’s, or the editors’,
point of view. In all instances, editors will make an
effort to screen out discourteous, inaccurate, or
libelous statements.

5. Secondary
publication
in
supplements
(republication of papers previously published
elsewhere) will be clearly identified by the
citation of the original paper. Supplements will
avoid redundant or duplicate publication.
Supplements will not republish research results,
but the republication of guidelines or other
material in the public interest might be
appropriate.

In the interests of fairness and to keep
correspondence within manageable proportions,
journal may want to set time limits for responding
to articles and correspondence, and for debate on a
given topic. Journal has also set policy with regard
to the archiving of unedited correspondence that
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are numbered. Authors should therefore number all
of the pages of the manuscript consecutively,
beginning with the title page.

IV. Manuscript Preparation and Submission
IV.A. Preparing a Manuscript for Submission
Editors and reviewers spend many hours
reading manuscripts, and therefore appreciate
receiving with manuscripts that are easy to read and
edit. Much of the information in journals’ instructions
to authors is designed to accomplish that goal in
ways that meet each journal’s particular editorial
needs. The guidance that follows provides a general
background and rationale for preparing manuscripts
for any journal.

IV.A.1.b. Reporting Guidelines for Specific
Study Designs
Research reports frequently omit important
information. The general requirements listed in the
next section relate to reporting essential elements for
all study designs. Authors are encouraged in addition
to consult reporting guidelines relevant to their
specific research design. For reports of randomized
controlled trials authors should refer to the CONSORT
statement. This guideline provides a set of
recommendations comprising a list of items to report
and a patient flow diagram.

IV.A.1.a. General Principles
The text of observational and experimental
articles is usually (but not necessarily) divided into
sections with the headings Introduction, Methods,
Results, and Discussion. This so-called “IMRAD”
structure is not simply an arbitrary publication
format, but rather a direct reflection of the process
of scientific discovery. Long articles may need
subheadings within some sections (especially the
Results and Discussion sections) to clarify their
content. Other types of articles, such as case reports,
reviews, and editorials, are likely to need other
formats.

IV.A.2. Title Page
The title page should carry the following
information:
1 . The title of the article. Concise titles are easier
to read than long, convoluted ones. Titles that
are too short may, however, lack important
information, such as study design (which is
particularly important in identifying randomized
controlled trials). Authors should include all
information in the title that will make electronic
retrieval of the article both sensitive and
specific.

Publication in electronic formats has created
opportunities for adding details or whole sections in
the electronic version only, layering information,
cross-linking or extracting portions of articles, and
the like. Authors need to work closely with editors
in developing or using such new publication formats
and should submit material for potential
supplementary electronic formats for peer review.

2. Authors’ names and institutional affiliations.
3. The name of the department(s) and institution(s)
to which the work should be attributed.
4. Disclaimers, if any.

Double spacing of all portions of the
manuscript including the title page, abstract, text,
acknowledgments, references, individual tables, and
legends-and generous margins make it possible for
editors and reviewers to edit the text line by line,
and add comments and queries, directly on the
paper copy. If manuscripts are submitted
electronically, the files should be double spaced,
because the manuscript may need to be printed out
for reviewing and editing.

5. Corresponding authors. The name, mailing
address, telephone and fax numbers, and e-mail
address of the author responsible for
correspondence about the manuscript (the
“corresponding author;” this author may or may
not be the “guarantor” for the integrity of the
study as a whole, if someone is identified in that
role. The corresponding author should indicate
clearly whether his or her e-mail address is to be
published.

During the editorial process reviewers and
editors frequently need to refer to specific portions
of the manuscript, which is difficult unless the pages

6. The name and address of the author to whom
requests for reprints should be addressed.
7 . Source(s) of support in the form of grants,
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IV.A.5. Introduction

equipment, drugs, or all of these.
8. Word counts. A word count for the text only
(excluding abstract, acknowledgments, figure
legends, and references) allows editors and
reviewers to assess whether the information
contained in the paper warrants the amount of
space devoted to it, and whether the submitted
manuscript fits within the journal’s word limits.
A separate word count for the Abstract is also
useful for the same reason.

Provide a context or background for the
study (i.e., the nature of the problem and its
significance). State the specific purpose or research
objective of, or hypothesis tested by, the study or
observation; the research objective is often more
sharply focused when stated as a question. Both the
main and secondary objectives should be made clear,
and any pre-specified subgroup analyses should be
described. Give only strictly pertinent references and
do not include data or conclusions from the work
being reported.

9. The number of figures and tables. It is difficult
for editorial staff and reviewers to tell if the
figures and tables that should have accompanied
a manuscript were actually included unless the
numbers of figures and tables that belong to the
manuscript are noted on the title page.

IV.A.6. Methods
The Methods section should include only
information that was available at the time the plan
or protocol for the study was written; all information
obtained during the conduct of the study belongs in
the Results section.

IV.A.3. Conflict of Interest Notification Page
To prevent the information on potential
conflict of interest for authors from being overlooked
or misplaced, it is necessary for that information to
be part of the manuscript. It should therefore also
be included on a separate page or pages immediately
following the title page.

IV.A.6.a. Selection
Participants

and

Description

of

Describe your selection of the observational
or experimental participants (patients or laboratory
animals, including controls) clearly, including
eligibility and exclusion criteria and a description of
the source population. Because the relevance of such
variables as age and sex to the object of research is
not always clear, authors should explain their use
when they are included in a study report; for
example, authors should explain why only subjects
of certain ages were included or why women were
excluded. The guiding principle should be clarity
about how and why a study was done in a particular
way. When authors use variables such as race or
ethnicity, they should define how they measured the
variables and justify their relevance.

IV.A.4. Abstract and Key Words
An abstract should follow the title page. The
abstract should provide the context or background
for the study and should state the study’s purposes,
basic procedures (selection of study subjects or
laboratory animals, observational and analytical
methods), main findings (giving specific effect sizes
and their statistical significance, if possible), and
principal conclusions. It should emphasize new and
important aspects of the study or observations.
Because abstracts are the only substantive
portion of the article indexed in electronic database
and the only portion many readers read, authors
need to be careful that abstracts reflect the content
of the article accurately.

IV.A.6.b. Technical information
Identify the methods, apparatus (give the
manufacturer’s name and address in parentheses),
and procedures in sufficient detail to allow other
workers to reproduce the results. Give references to
established methods, including statistical methods
see below; provide references and brief descriptions
for methods that have been published but are not
well known; describe new or substantially modified
methods, give reasons for using them, and evaluate

3 to 10 key words or short phrases that
capture the main topics of the article. These will
assist indexers in cross-indexing the article and may
be published with the abstract. Terms from the
Medical Subject Headings (MeSH) list of Index
Medicus should be used; if suitable MeSH terms are
not yet available for present terms may be used.
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the data by variables such as age and sex should be
included.

their limitations. Identify precisely all drugs and
chemicals used, including generic name(s), dose(s),
and route(s) of administration.

IV.A.8. Discussion

Authors submitting review manuscripts
should include a section describing the methods used
for locating, selecting, extracting, and synthesizing
data. These methods should also be summarized in
the abstract.

Emphasize the new and important aspects of
the study and the conclusions that follow from them.
Do not repeat in detail data or other material given
in the Introduction or the Results section. For
experimental studies it is useful to begin the
discussion by summarizing briefly the main findings,
then explore possible mechanisms or explanations
for these findings, compare and contrast the results
with other relevant studies, state the limitations of
the study, and explore the implications of the
findings for future research and for clinical practice.

IV.A.6.c. Statistics
Describe statistical methods with enough
detail to enable a knowledgeable reader with access
to the original data to verify the reported results.
When possible, quantify findings and present them
with appropriate indicators of measurement error or
uncertainty (such as confidence intervals).
References for the design of the study and statistical
methods should be to standard works when possible
(with pages stated). Define statistical terms,
abbreviations, and most symbols. Specify the
computer software used.

Link the conclusions with the goals of the
study but avoid unqualified statements and
conclusions not adequately supported by the data.
In particular, authors should avoid making
statements on economic benefits and costs unless
their manuscript includes the appropriate economic
data and analyses. Avoid claiming priority and
alluding to work that has not been completed. State
new hypotheses when warranted, but clearly label
them as such.

IV.A.7. Results
Present your results in logical sequence in
the text, tables, and illustrations, giving the main or
most important findings first. Do not repeat in the
text all the data in the tables or illustrations;
emphasize
or
summarize
only
important
observations. Extra or supplementary materials and
technical detail can be placed in an appendix where
it will be accessible but will not interrupt the flow of
the text; alternatively, it can be published only in the
electronic version of the journal.

IV.A.9. References
IV.A.9.a. General Considerations Related to
References
Although references to review articles can be
an efficient way of guiding readers to a body of
literature, review articles do not always reflect
original work accurately. Readers should therefore be
provided with direct references to original research
sources whenever possible. On the other hand,
extensive lists of references to original work on a
topic can use excessive space on the printed page.
Small numbers of references to key original papers
will often serve as well as more exhaustive lists,
particularly since references can now be added to
the electronic version of published papers, and since
electronic literature searching allows readers to
retrieve published literature efficiently.

When data are summarized in the Results
section, give numeric results not only as derivatives
(for example, percentages) but also as the absolute
numbers from which the derivatives were calculated,
and specify the statistical methods used to analyze
them. Restrict tables and figures to those needed to
explain the argument of the paper and to assess its
support. Use graphs as an alternative to tables with
many entries; do not duplicate data in graphs and
tables. Avoid non-technical uses of technical terms
in statistics, such as “random” (which implies a
randomizing device), “normal,” “significant,”
“correlations,” and “sample.”

Avoid using abstracts as references.
References to papers accepted but not yet published
should be designated as “in press” or “forthcoming”;
authors should obtain written permission to cite
such papers as well as verification that they have

Where scientifically appropriate, analyses of
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IV.A.10. Tables

been accepted for publication. Information from
manuscripts submitted but not accepted should be
cited in the text as “unpublished observations” with
written permission from the source.

Tables capture information concisely, and
display it efficiently; they also provide information
at any desired level of detail and precision. Including
data in tables rather than text frequently makes it
possible to reduce the length of the text.

Avoid citing a “personal communication”
unless it provides essential information not available
from a public source, in which case the name of the
person and date of communication should be cited
in parentheses in the text. For scientific articles,
authors should obtain written permission and
confirmation of accuracy from the source of a
personal communication.

Type or print each table with double spacing
on a separate sheet of paper. Number tables
consecutively in the order of their first citation in the
text and supply a brief title for each. Do not use
internal horizontal or vertical lines. Give each
column a short or abbreviated heading. Authors
should place explanatory matter in footnotes, not in
the heading. Explain in footnotes all nonstandard
abbreviations. For footnotes use the following
symbols, in sequence:

Some journals check the accuracy of all
reference citations, but not all journals do so, and
citation errors sometimes appear in the published
version of articles. To minimize such errors, authors
should therefore verify references against the
original documents. Authors are responsible for
checking that none of the references cite retracted
articles except in the context of referring to the
retraction. For articles published in journals indexed
in MEDLINE, the ICMJE considers PubMed the
authoritative source for information about
retractions.

*,†,‡,§,||,¶,**,††,‡‡
Identify statistical measures of variations,
such as standard deviation and standard error of the
mean.
Be sure that each table is cited in the text.
If you use data from another published or
unpublished source, obtain permission and
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Short Communication

AYURVEDA NEWS AND VIEWS
*Dr. Rizwana Parveen
l

National workshop on “Basic Level workshop on
Manuscript and Palaeography”, organized by
Gujarat Ayurved university Jamnagar, institute
for PG Teaching and Research in Ayurveda
Date : 11th to 31st January, 2016.

l

National Arogya Expo by Ministry of AYUSH,
organized at Prashanti Kutiram Campus, Jigani,
Bengaluru.

International Conference on Yoga Science and
Education ICYSE, organized by Indian Academy
of Yoga, Department of Biochemistry Faculty of
Ayurveda IMS, Yoga Kendra, Malaviya Bhawan
& BHU

Date : 3rd to 7th January, 2016

Date : 15th to 17th January, 2016.

National & Internal Seminars
l

l

l

1st International Conference on Advance in
Asian
Medicine(ICAAM),
organized
by
Indian Association for the Study of Traditional
Asian Medicine (IASTAM).
Date : 3rd to 7th January, 2016.

21st INCOFYRA - 2016, organize at Prashanti
Kutiram, International Headquarters of VYASA,
Bengaluru

l

Date : 3rd to 7th January, 2016.
l

National Seminar On Scientific Evaluation Of
Description Of Ayurveda In Various Sanskrit
Classics,
organized
at
Dr.
Sarvepalli
Radhakrishnan Rajasthan Ayurved University,
Jodhpur.

Date : 19th January, 2016.

Date : 7th January, 2016.
l

Training Programmes on “Research Methods,
Manuscript Writing and Career Opportunities in
Ayurveda”, organized by Rashtriya Ayurveda
Vidyapeeth, New Delhi.

l

National Seminar on Clinical Approach in
Panchakarma, organized by Maha Auyrved
Research & Medical Association (MARMA)
Date : 23rd to 24th January, 2016.

l

A
National
Seminar
On
Ayurveda,
organized
by
Vagbhatasarani
7th
Ashtangahrudayasasthram.
Date : 24th to 31st January, 2016.

l

Date : 6th and 8th January, 2016.
l

3rd International Conference on “Herbal And
Synthetic
Drug
Studies”
(HSDS-2016),
organized at Dr. A. R. Shaikh Assembly Hall,
Azam Campus, Pune.

l

2nd National Conference ‘Mainstreaming AYUSH:
Arogya Bhava’, organized at PHD House, New
Delhi.
Date : 29th January, 2016.

l

National Conference on Science For Rural India,
organized by Swadeshi Vigyan Sansthanam.
Date : 30th and 31st January, 2016.

l

Third Global Ayurveda Festival, organized by
Swapna Nagari,Kozhikode,Kerala.

Date : 7th to 9th January, 2016.
l

National level seminar on “Pharmacovigilance Of
Ayush Drugs”, organized by Faculty of Pharmacy
Sri Ramachandra University and Society for
Ethnopharmacology Chennai Chapter.

2nd Vibrant Ayurveda World Expo and Summit
2016, organized by Octagon Communications
Pvt. Ltd(OCPL) and Health & Family Welfare
Department,Government
of
Gujarat.
Date : 8th to 10th January, 2016.

Date : 29th January to 2nd February, 2016
l

Mahasrotas-2016 A One Day National Seminar on
Annavaha Srotas, organized by Ayurved Seva
Sangh’s Ayurved Mahavidyalaya.

National Workshop on Panchabhautik Medicines
Preparation, organized by Daivadnya Samaj
Bhavan, Sangli.
Date : 6th and 7th February, 2016

l

Date : 10th January, 2016.
*Sr. Research Fellow-Journal of Ayurveda, NIA, Jaipur
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Newborn Health Research,
KLE University, Karnataka.

Sustainable Drug Discovery and Developments”,
organized by Uka Tarsadia University, Surat,
India.
l

International Conference On Pharmaceutical,
Medical & Environmental Health Sciences
(ICPHARME-2016), organized by Institute for
Global
Research
Forum
IGRForum).
Date : 06th March, 2016.

l

International Seminar on “Globalized Ayurveda
: Opportunities And Challenges In Next Decade”,
organized by Madan Mohan Malviya Govt.
Ayurvedic College, Udaipur.

International seminar on prevention,promotion
and
pacification
Ayurvedic
landscape,
organized by J. B. Roy State Ayurvedic Medical
College and Hospital, Kolkata.
Date : 9th to 11th February, 2016.

l

Indian Ecological Society Conference 2016
Natural Resource Management Ecological
Perspectives, organized by Sher-e-Kashmir
University of Agricultural Sciences and
Technology of Jammu.

Date : 10th to 12th March, 2016.
l

Date : 18th and 20th February, 2016.
l

“Ethnopharmacology and Evaluation of
Medicinal Plants - Global Perspectives”,
organized by 3rd International Congress of
Society for Ethnopharmacology.
Continuing Medical Education (CME) On
Panchakarma For Teachers Of Panchakarma,
organized
at
Sri
Dharmasthala
Manjunatheshwara College Of Ayurveda &
Hospital.
Date : 22nd and 27th February, 2016.

l

l

Two days National Seminar on “Basti Karma :
Implications
in
Health
and
Disease”,
organized by Rashtriya Ayurveda Vidyapeeth.
Date : 14th and 15th March, 2016.

l

Workshop On Analytical And Experimental
Techniques, organized by KLE University’s Shri
B M K Ayurveda Mahavidyalaya, Karnataka.
Date : 17th to 19th March, 2016.

l

3rd National Seminar on Herbal Drug Scene: New
Perspectives of Nano Herbal Medicine, organized
by Bhagyodaya Tirth Pharmacy College, Sagar.
Date : 20th March, 2016.

l

Training Programme On Improved Production
Technologies of Medicinal and Aromatic Plants,
organized by CSIR-Central Institute Of Medicinal
And Aromatic Plants.

Sreyasi 2016, organized by S.D.M College Of
Ayurveda, Udupi.
Date : 24th February, 2016.

l

National Seminar-2016 Of VAP, organized at
DAV Institute of Engineering & Technology,
Jalandhar.
Date : 27th and 28th February, 2016.

l

2nd National Seminar And Workshop On
“Agnikarma - Ayurveda Pain Management”,
organized by Global Agnikarma Centre.
Date : 28th February, 2016.

l

60th National Annual Conference Of Indian
Public Health Association (IPHACON 2016),
organized by IPHA, Uttarakhand State Branch.
Date : 03rd to 06th March, 2016

l

l

Workshop On Practical Aspect of Research
Methodology, organized by Y.M.T. Ayurvedic
Medical College, Mumbai.
Date : 11th and 12th March, 2016.

Date : 19th and 21st February, 2016.
l

by

Date : 5th and 6th March, 2016.

Date : 6th to 8th February, 2016.
l

organized

Date : 21st to 23rd March, 2016.

International
Conference
on
Recent
Advancements in Panchkarma - 2016, organized
at
Rishikul
Campus,
Haridwar.
Date : 05th and 06th March, 2016

l

National Seminar on Sushruta’s concept of
Minimal Access Surgery & its application in
present era, organized by Department of Shalya
Tantra Faculty of Ayurveda Institute of Medical
Sciences Banaras Hindu University, Varanasi.
Date : 26th and 27th March, 2016.

l

Society of Pharmacognosy 20th Annual National
Convention, organized at KLE University, College
of Pharmacy, Belagavi.
Date : 26th and 27th March, 2016.

International Conference On Maternal And
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Yoga postures for a taller you

can aid increase in height are:
Bhujangasana Stretches muscles in the shoulders, chest and
abdominal region, and helps increase the height.
Tadasana
It is the ideal posture to lengthen and
straighten the spine to increase your height.
Hastapadasana

Well, who wouldn’t like to be tall? But, not
all of us are born with a tall gene, and no modern
surgical correction or other methods are likely to
give what you are looking for, at least in this case.

This asana is ideal for those whose upper part
of the body is shorter than the lower part. Practising
this asana regularly is known to work on each and
every section of the body starting from head to toe.

A recent study revealed that good height not
only helps build confidence, but is also related to
higher IQs and better job prospects. Apart from our
eating and lifestyle habits, although the height of our
parents is a determining factor, it is not always
dependent on gene alone. In any case, achieving a
good height has never been easy, and it is here that
you may need the help of the ancient Indian
technique ‘Yoga’.

Sukhasana
This is a basic yoga posture that helps tone
the lower back and hip regions, eventually boosting
height by decompressing the cartilage.
Chakrasana
This is an extremely helpful posture that
helps in increasing body height, irrespective of your
age. This is because, the elasticity of spinal cord
increases through this practice, and body becomes
more flexible. This contributes to considerable
increase in height.

Yoga is the union of body and mind. While it
detoxifies the body, it also helps in attaining a calm
mind. Once the mind is relaxed and stress-free, the
body easily produces the Growth Hormone, which is
responsible for increase in height. Also, attaining a
good posture is vital for body growth, and can be
achieved through practice of yoga.

Talasana
This is one of the easiest yoga postures to
practice for increasing height. It has been found that
this asana helps in making the spinal cord and limbs
stronger, and helps in making the whole body agile,
which is beneficial for height gain.

In general the body growth of individuals
varies from one individual to another, depending on
lot of factors.
Although yoga can help in making your body
more supple and help in increasing height, it is also
necessary that you pay attention to the type of
nutrition your body receives. While regular yoga
practice helps ensure a sound body and mind, it is
good nutritious food that helps in maintaining vigour.

Surya Namaskar
The cyclic practice of yogic postures helps in
loosening up joints and muscles within a short span
of time. Abdominal organs are stretched and
compressed to ensure their proper functioning and
this also helps improve spinal flexibility and
improves immunity.

Yoga postures bear the credit of making a
person more aware of his/her body, mind and
environment. Yoga exercises helps improve the
suppleness and health of all organs, and can have an
overall effect of cleansing the body of toxins, which
in turn, promotes the growth of healthy cells and
hormones, that will more than directly increase the
height of a person. Some of the yoga postures that

Yoga can do wonders when practised
regularly. On consulting a trained practitioner, you
can chalk out a customized yoga routine that best
suits your body and lifestyle.
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Ayurvedic medicinal spice saffron
found to inhibit Liver Cancer

Saffron is among the most expensive spices
in the world, derived from about 250,000 flower
stigmas. There is plenty of such information that
points to the ability of saffron in inhibiting cancer.
Some of the previous studies dating back to
the year 2004, has shown that aqueous saffron
preparations can inhibit chemically induced skin
carcinogenesis, wherein both changes in carcinogen
bioactivation and tumour proliferation may occur.
Later, studies in 2007, and 2009, have shown that
similar to other spices, Saffron suppresses cell
growth in neoplastic cells to a large extent than in
normal cells, and the ability of crocin to decrease
cell viability occurs in a concentration and timedependent manner.

Saffron, a naturally derived plant product
has been found to prevent or protect
against Liver Cancer (Hepatocellular Carcinoma),
according to latest study conducted by the
professors in UAE, and published in the journal
Recent Patents on Anticancer Drug Discovery.

Ayurvedic texts reveal that the herb ‘Crocus
Sativus’, also known by names ‘kumkuma’ or
‘saffron’, is grouped under “Varnya” gana, which
means the one which imparts fairness or glow to
skin. Saffron is considerably used in Ayurveda, Unani
and Chinese medicinal preparations.

The research revealed that the wonder spice
comprises of a bio-moclecule that is beneficial for
liver. The study was aimed at examining the chemopreventive action of saffron’s main bio-molecule,
‘Crocetin’ or ‘crocin’, against chemically-induced
liver cancer in rats and also to study the mechanisms
by which crocin employs its anti-tumour effects.

Ayurveda pharmacology shows that saffron
is ‘bitter’ to taste, increases body fire, and balances
tridoshas (vata, pitta and kapha). In Ayurveda,
saffron is also often referred to as the golden spice,
and used as an important medicinal ingredient in
large number of Ayurvedic medicines due to its
strong antipoisonous, cardiotonic, carminative,
diuretic, aphrodisiac, stimulant, febrifuge, nervine
tonic, sedative and styptic properties, and is highly
valued in Ayurveda.

“Our findings suggest that saffron provides an
anti-cancer protective effect, promoting cell death,
and inhibiting proliferation of cancerous cells and
blocking inflammations,” the researchers said.
At the end of the study, the authors, based
on their findings, concluded that crocin can be a
potential
chemo-preventive
agent
against
Hepatocellular Carcinoma or Liver Cancer.

It is also used in treating arthritis, acne,
apoplexy, colic, asthma, cough, dyspepsia, liver
disorders, mental disorders, insect bites and stings,
oedema, painful menstruation, male reproductive
issues, sore throat, splenic disorders etc. It
contributes largely in improving weak eyesight and
is much valued as a complexion builder, as it adds a
healthy glow and brightness to the body.

Several previous studies have also shown
that saffron possess antioxidant, anti-cancer and
anti-inflammatory properties. Spices like saffron, and
turmeric in particular, have in-built medicinal
properties, which, when incorporated into our diet
from an early state, helps strengthen our bodies
against invasion of toxins, viruses and bacteria.

However, Saffron is a potent spice. Excessive
intake may be harmful. The dosage of saffron intake
is dependent on factors like climatic conditions,
health, age of the individual and the manner in which
the dosage is taken. When taking saffron for medical
reasons, it should always be taken as per proper
medical advice.

Saffron is a spice derived from the flower of
saffron crocus, a plant native to Southwest Asia. The
natural carotenoid in the spice, namely, “Crocin” is
the primary cancer-fighting element in Saffron. Apart
from inhibiting the progression of the disease, it also
decreases the size of the tumour by half, thereby
ensuring complete prevention of the disease.
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Baddha Konasana (Butterfly Pose) –
Stretches inner thighs, groin and knees, helps
remove tiredness from long hours of standing/
walking.

Yoga therapy for treating insomnia
Irrespective of whether you are a troubled
sleeper, or just need a bit of help relaxing before
bedtime, some gentle yoga postures at bed time can
help you in gaining a good night’s sleep with ease.
These postures, will keep your body and mind at rest,
thereby helping you sleep soundly through the night,
so that you wake up feeling more refreshed in the
morning. Various studies have proven the benefits
of yoga in reducing insomnia. A 2012 study which
evaluated the effect of yoga on post-menopausal
women with insomnia revealed that the reduction in
severity of insomnia was considerably higher in the
yoga group, than that in the control and passivestretching groups. The study showed that a particular
yoga sequence may be effective in reducing insomnia
and menopausal symptoms, apart from improving
the quality of life in post-menopausal women with
insomnia.

Shavasana (Corpse Pose) – Apart from
lying down in Shavasana and Yoga Nidra after meals,
it helps relax the entire system.
Advasana (opposite of Shavasana) – This
posture is opposite of Shavasana. It is particularly
beneficial for those with spine or spine-related
disorders like slipped disc etc., and induces sleep.
Meditation – Once you get on to bed, sit in
a cross-legged position, lean back slightly onto your
pillows or headboard, close your eyes, rest your
hands on your thighs, stay there and breathe for a
few minutes. This need not be a heavy and intense
meditation, but just a short unwinding technique.
Mentioned above are only some particular yoga
postures that may be of help in improving your sleep
pattern. Out of these, you can choose the ones
suitable for you. On completing the session, relax and
enjoy a good night’s rest.

If you are unable to get a good night’s sleep
on a regular basis, you may be aging faster than you
think, as when we sleep, our body repairs on a
cellular level and removes toxins. Therefore, at least
six to eight hours of sleep daily is a must. If you are
unable to sleep enough, yoga can be of help. It has
been proven that regular yoga practice cures various
ailments including sleep disorders and insomnia. In
fact, yoga helps unwind stress at the end of the day,
so that you sleep better at night.

Few more tips for better sleep:

An often-recommended treatment for
insomnia is to establish a relaxing bedtime routine
and practice some of the yoga stretches
recommended below so that you can relax and enjoy
a peaceful sleep.

l

Avoid watching television, working on laptop and
looking onto screens one hour before bedtime.
Instead, unwind listening to soft instrumental
music, or read a book.

l

Follow a definite bed time routine, like taking a
warm shower, doing yoga and meditation, prayer
and go to sleep with a happy, relaxed mind.

Subscription Details
Single Issue :

Best yoga postures for a good night’s sleep:

Rs. 100/- (for Individuals in India)

Hastapadasana (forward bend): This
posture helps stretch the back muscles, makes spine
flexible and supple, and invigorates the nervous
system, helping you to sleep well.

Rs. 150/- (for Institutions in India)
$ 80 (for Foreign Individuals)

Marjariasana (Cat stretch) – Excellent for
spine flexibility, massages the digestive organs,
improves blood circulation and relaxes the mind,
thereby helping you to sleep well.

Annual :

$ 100 (for Foreign Institutions)

Rs.400/-(for Individuals in India)
Rs.600/-(for Institutions in India)
$ 240 (for Foreign Individuals)
$ 400 (for Foreign Institutions)

Shishuasana (Child pose) – Gives a
deeply relaxing stretch for the back, which also helps
calm the nervous system, so that you get a peaceful
sleep.
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NIA, JAIPUR
100

IMMUNOMODULATORY EFFECT OF RASASINDURA (Red sulphide
of mercury) (Herbomineral preparation)
Kupati V. B.* and Jadar P. G.
(Received 16 May 2015) (Accepted 16 March 2016)
ABSTRACT
The main aim of the study was to scientifically validate the immunomodulatory effect of classically
prepared Rasasindura (Red Sulphide of Mercury). With this intention Rasasindura was subjected to
the screening of immunomodulatory effect and assessed in three healthy individuals by using nitroblue
tetrazolium, Phagocytosis, Candidacidal assay and chemotaxsis in different doses like 100, 50, 25, 12.5
and 5 mg of Rasasindura (Red Sulphide of Mercury). The immunomodulatory effect of Rasasindura has
shown significant results in lesser dose of 5mg.

Keywords: Rasasindura, Immuno-modulatory, NBT,
Phagocytosis, Candidacidal assay, Chemotaxsis

INTRODUCTION
An immuno-modulator is a substance which has an
effect on the immune system. There are two types of
effects: immune-stimulation and immune-suppression.
Most drugs, however, do not have effects on only one
receptor, so an immuno-modulator may be at the same
time an immunosuppressant and an immuno-stimulant, on
different targets within the immune system. The function
and efficacy of the immune system may be influenced by
many exogenous factors like food and pharmaceuticals,
physical and psychological stress and hormones, resulting
in either immunostimulation or immunosuppression.
Modulation may be very specific, limited to a given
antigen/agent, or non-specific, with a great effect on
immune response. Stimulation of the immune response is
preferred for certain people such as immunocompromised
patient. Whereas, suppression of immune response is
considered for others such as transplant recipient or
patient autoallergic or inflammatory diseases, the degree
to which the patient becomes abnormally susceptible
to infections by the microbial environment depends on
the extent of immunosuppression. The suppression
of the immune system is characterized by reduction
in number and phagocytic function of the neutrophils
and macrophages, as well as an impairment of the
*For Correspondence:
Department of Rasashastra,
KLE’S Shri BMK Ayurveda mahavidyalaya,
Shahapur, Belgavi - 580 003,
Karnataka, India
E-mail: veenakupati@gmail.com
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intracellular bactericidal capacity of these cells. This
immunosuppression allows opportunistic pathogens to
overwhelm the host to cause secondary infection. This
problem can be overcome by boosting the immune system
by the use of immunomodulatory drugs.
Kupipakwa Rasayana (medicine prepared in bottle)
one of the Murchana bheda of Parada (Type of process of
mercury) is a unique pharmaceutical preparation wherein the drug is prepared in a glass bottle called kupi and
processing is done in a traditional furnace with a gradual
rise in temperature. Rasasindura most commonly used in
Kupipakwa Rasayana is a sublime product of a mixture
of Shodhita Parada (processed mercury) and Shodhita
Gandhaka (purified sulfur), and due to its wide therapeutic
utility, it is used in several formulations.
The Rasasindura is being used diseases like Prameha
(diabetes), Rajayakshma (tuberculosis), Jwara (fever) and
Kushtha (skin disorder) provoked us to take the present
study which aims to validate the immuno-modulatory effect
of Samaguna balijaarita Rasasindura scientifically and
explain its probable mode of action at the cellular level.

MATERIALS AND METHODS
Preparation of Rasasindura (red sulphide of
mercury)1
Authenticated raw drugs were procured from K. L.
E. Ayurveda Pharmacy Khasbag, Belgavi, Karnataka.
Parada (mercury) and Gandhaka (sulphur) were subjected
to shodhana (purification) procedure according to
Rasatarangini. Then, equal quantity of shodhita Parada
and Gandhaka was triturated for 79 hours to get Kajjali
(mixture of mercury and sulphur), to this 200 ml of
Vatankuraswarasa (Ficus bengalensis Linn. juice of
29

banyan leaf bud) was added and Mardana (trituration)
prepared in 0.5 ml phosphate buffer solution pH
was done till the evaporation of liquid i.e about 5 and 1/2
8.7 (PBS) in seven test tubes of each sample.
hrs. This samyak bhavita kajjali (properly processed black
• 0.1 ml Endotoxin – activated plasma (standard)
sulphide of mercury) was dried in shade and was filled in
was added to one tube (Positive control).
kachakupi (glass bottle) which was wrapped with 7 layers
• 0.2 ml of freshly prepared 0.15% NBT solution
of kapadmitti (rags and mud) and kept in valukayantra
(sand contained iron vessel), heat was given in mridu (mild
was added.
heat,100-2500C), madhyam (moderate heat, 250-4500 C)
• mlIncubated
atplasma
370Cplasma
for 20
min.
• 0.1 •ml Endotoxin
0.1
Endotoxin
– activated
– activated
(standard)
(standard)
was added
wastoadded
one tube
to one
(Positive
tube (Positive
control).co
and teevragni (intense, 450- 6000C). The whole procedure
•
Then
gently
centrifuged
at
400
rpm
for
was completed in 21 hours. After swangasheetala (self
• 0.2 •ml of
0.2freshly
ml of freshly
prepared
prepared
0.15% NBT
0.15%solution
NBT solution
was added.
was added.
3-4 min.
cooling) kupi was taken out from the valukayantra (sand
0
0
• Incubated
Catfor3720
Cmin.
for 20 min.
contained iron vessel).The mud smeared cloth layers•of Incubated
• at 37
The
supernatant
was discarded.
the kupi were scrapped out with a knife. A jute thread
• Then
• gently
Then
gently
at 400
rpm
at 400
forrpm
3-4 for
min.
3-4 min. solution (PBS)
• centrifuged
One centrifuged
drop
of phosphate
buffer
dipped in kerosene was tied to the kupi below the level
was
and gently re-suspended the cells
of sublimated product and ignited. The bottle was broken.
• The•supernatant
The supernatant
wasadded
discarded.
was discarded.
in
the
small
volume of fluid at the bottom of the
Rasasindura was collected.
•

Materials Required
• Drug: Rasasindura
•

One• drop
Oneofdrop
Phosphate
of Phosphate
buffer solution
buffer solution
(PBS) was
(PBS)
added
was and
added
gently
and re
gently
suspended
re suspen
the
tube.

cells in cells
the
inAthe
volume
small
volume
ofwas
fluidof
at fluid
the bottom
at thewith
bottom
of theatube.
of the tube.
• small
thin
film
prepared
drop
of this fluid

Human blood samples: Three (A, B and C)

on a microscope slide.

•

A thin
• film
A thin
was
film
prepared
was prepared
with a drop
with of
a drop
this fluid
of this
onfluid
a microscope
on a microscope
slide. slide.

•

Slides
• were
Slidesdried
werefor
dried
10-15
forminutes.
10-15 minutes.
Methanol
Methanol
fixationfixation
was carried
was carried
out andout
again
andslides
agai

•

• oil Using
an
oilobjective,
immersion
objective,
Using
• an
Using
immersion
an oil immersion
objective,
300 Neutrophils
300 Neutrophils
were
counted
were counted
and300
theand
percentage
the percen
of

Slides were dried for 10-15 minutes. Methanol
fixation was carried out and again slides were
kept
for
drying.
stained
forand washed
were
forkept
drying.
for
drying.
Then
stained
ThenThen
stained
in Giemsa
in Giemsa
stainin
forGiemsa
stain
15 minutes
for 15stain
minutes
and washed
under tap
un
Micropipette, water bath, incubator, centrifuge, were kept
15
minutes
and
washed
under
tap
water.
After
weighing machine top pan balance, measuring water. After
water.complete
After complete
drying drying
the slides
the were
slidesobserved
were observed
under light
undermicroscope
light microscope
with oilw
complete drying the slides were observed under
cylinders, test tubes, slides and light microscope
immersion
immersion
objective.
(having oil-immersion objective)
lightobjective.
microscope with oil-immersion objective.
Equipments and Glassware:

•

A. NITRO BLUE TETRAZOLIUM TEST

•

neutrophils were counted and the percentage
of NBT positive cells containing blue deposits
The cells are exposed to the yellow dye Nitroblue
• As shown
• As in
shown
fig
noin1fig
and
noTable
1 andno
Table
1 no 1
determined.
tetrazolium (NBT). Unstipulated neutrophils do not ingest
• As Fig.
shown
in1:fig.
1 and
I Test
1: Fig.
Filling
Filling
of test
tubes
of testTable
for
tubes
NBT
for
NBT Test
this dye but if the cells are stimulated to phagocytic activity,
they take the dye into phagosomes and intracellular
Rasasindura
Rasasindura
of
of
reduction of the dye converts it to an insoluble blue
100mg 100mg
50mg 50mg
25mg 25mg
12.5mg12.5mg
5mg 5mg
PC
PCNC
NC
crystalline form (formazan crystals).These blue crystals
are visible in the light microscope and can be counted.
The NBT test gives information about phagocytic
function, since the dye is not taken into cells except by
phagocytosis.
Principle

NBT positive
NBT positive
cells containing
cells containing
blue deposits
blue deposits
determined.
determined.

Procedure
i. Preparation of Test sample:

SampleSample
A
A

Stock solution for immunomodulatory study was
prepared by dissolving Rasasindura in dimethyl
sulphoxide (DMSo) and diluted with normal saline
to obtain required concentrations.
ii. Estimation of NBT positive cells:

30

Fig.
Filling
offor
test
Test
Similarly
Similarly
it is1:done
it is
fordone
Sample
Sample
B tubes
and C.
B for
and NBT
C.

B. PHAGOCYTOSIS
AND
CANDIDACIDAL
Table I:Table
Filling
I: Filling
of each
oftest
each
tube
test
intube
NBTin NBT ASSAY:

Principle

Ingredients
Ingredients
100mg 100mg50mg 50mg 25 mg 25 mg12.5mg12.5mg
5mg

•

Three healthy blood samples were taken viz.,
A, B and C.

•

A suspension of leucocytes (5x106 /ml) was

5mg PC

It is the twin method which can be performed at
the same time for phagocytosis and for Candidacidal
assay. The cells are exposed to the Candida albicans
suspension. If the leucocytes are stimulated to
INDIAN DRUGS 53 (04) April 2016

PC NC

Table I: Filling of each test tube in NBT
Ingredients for
NBT Test

100mg
50mg
25 mg
12.5mg
5mg
PC
Suspension Suspension Suspension Suspension Suspension (Positive
control)

NC
(Normal
control)

BLOOD

100µL

100µL

100µL

100µL

100µL

100µL

100µL

NBT

50µL

50µL

50µL

50µL

50µL

50µL

50µL

Rasasindura
(red sulphide
of mercury)

100µL

50µL

25µL

12.5µL

5µL

-

-

HBSS

150µL

200µL

225µL

237.5µL

245µL

200µL

250µL

Endo-Toxin

-

-

-

-

-

50µL

-

phagocytic activity, the majority of candida cells will be and the cells were carefully flicked up. A small volume
engulfed by them. The leucocytes containing candida of PBS was used to wash the contents and centrifuged
and the and
cellsthe
were
cells
carefully
were carefully
flicked up.
flicked
A small
up. Avolume
small volume
of PBS of
wasPBS
used
was
to used
washtothewash
con
cells are clearly visible under light microscope which again. Above step was repeated for 2-3 times after which
can be counted and Mean Particle Number (MPN)
can
the
cells
werestep
flicked
upwas
andrepeated
finally
of MEM
and centrifuged
and centrifuged
again.
Above
again.
Above
wasstep
repeated
for
2-3 850μl
times
for 2-3after
times
which
afterwas
the
which
cellsthe
were
cells
fli
be calculated.
added to make the volume up to 1mL.
up and finally
up and850l
finallyof850l
MEMofwas
MEM
added
wastoadded
maketo
themake
volume
the volume
up to 1 ml.
up to 1 ml.

Preparation of Candida albicans suspension:
In Candidacidal assay, sodium deoxycholate and
Candida
grown
onCandida
glucose
peptone
agar.
Preparation
Preparation
of Candida
of albicans
Candida
albicanswere
albicans
suspension:
suspension:
Candida
albicans
albicans
were
grown
were on
grown
glu
methylene blue are added to the same cells containing
A
culture
suspension
of
24
hour
old
was
prepared
and
Candida albicans. Sodium deoxycholate lyses the
and usedand
forused
test. for test.
peptonepeptone
agar. A culture
agar. A suspension
culture suspension
of 24 hour
of 24
oldhour
was old
prepared
was prepared
leucocytes but do not damage candida cells. Methylene used for test.
blue is used for staining of dead candida cells. Using an Fig. Tabular
in table
II. and candidacidal
2: Filling
Fig. 2:form
of
Filling
testexplained
tubes
of testfor
tubes
Phagocytosis
for Phagocytosis
and candidacidal
assay assa
improved Neubauer counting chamber the proportion of
Rasasindura
Rasasindura
of of of
dead cells i.e. those which have taken up the methylene
Rasasindura
blue can be determined.
100mg 100mg
50mg 50mg
25mg 25mg
12.5mg 12.5mg
5mg

5mg

PC

PC
NC

NC

Procedure
Heparinized blood sample, 3 ml was diluted with 3 ml
of MEM. Diluted blood was then mixed with 1.5 ml of 6%
Dextran solution carefully, which causes the red cells to
sediment rapidly leaving an upper layer of leucocytes – rich
plasma. This was kept at room temperature for 45 minutes
without disturbing. The supernatant was removed into
3 to 4 centrifuge tubes. These tubes were then centrifuged
at 500 rpm for 10 min. The supernatant was discarded

Blood
Blood
Sample
A A A
BloodSample
Sample

Similarly
itit is
sample
B and
C. C.
Similarly
Similarly
is done
doneit for
isfor
done
sample
for B
sample
and
C.B and
Fig. 2: Filling of test tubes for phagocytosis and
candidacidal assay

Tabular Tabular
form explained
form explained
in table in
notable
2. no 2.

Table II: Filling of test tubes for Phagocytosis and Candidacidal Assay
Ingredients for
100mg
50mg
25 mg
12.5mg
5mg
Test
Suspension Suspension Suspension Suspension Suspension

PC
(Positive
control)

NC
(Normal
control)

MEM

100µL

150µL

175µL

188µL

195µL

100µL

200µl

Candida

100µL

100µL

100µL

100µL

100µL

100µL

100µl

Rasasindura
(Red sulphide
of Mercury)

100µL

50µL

25µL

12.5µL

5µL

-

-

WBCs

100µL

Serum

-

100µL Ingredients
100µL100mg 100mg
100µL
100µL
100µL
mg 25 mg
12.5mg
12.5mg
5mg100µL
5mg PC
PC NC
Ingredients
50mg 50mg25
Suspensio
Suspensio
Suspensio
Suspensio
Suspensio
Suspensio
(Positive
(Posit
(N
for
Test
for
Test
Suspensio
Suspensio
Suspensio
Suspensio
100µL
-
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n
MEM MEM 100µL
CandidaCandida100µL
Rasasindura
Rasasindura
100µL
(Red (Red

n
n
150µL
100µL
100µL
100µL
50µL
100µL

n
n
150µL
175µL
100µL
100µL
50µL25µL

n
n
n
n
175µL
188µL 188µL
195µL
100µL
100µL 100µL
100µL
25µL12.5µL 12.5µL
5µL

n
control)contro
co
195µL
100µL 100µL
20
31
100µL
100µL 100µL
10
- 5µL -

Three samples of neutrophil suspensions from blood were taken viz A, B and C. Th

method
for neutrophil
carried
out according
to previousmethod
method i.e. phagocytosi
isolation
wasisolation
carriedwasout
according
to previous
i.e. phagocytosis and candidacidal assay. Later the wells
All the test tubes were kept in an incubator for 30and candidacidal assay. Later the wells in agarose were filled.
in
agarose were filled.
minutes at 370C. Then 0.1 mL from each test tube
was taken and smear prepared on glass slides for
Fig. 3: Fillingsuspension
of wells for Chemotaxis Test
NS: Neutrophil
phagocytosis assay.

MEM - Minimum Essential Medium
•

•

Further, all test tubes were incubated in an incubator
  
  
for another 30 minutes at 370C for Candidacidal assay.
Meanwhile, for phagocytosis assay, methanol fixation
             
and Giemsa staining were carried out and slides were
NS: Neutrophil suspension
kept for drying.
  



• After 30 minutes, 250 µl of 2.5% sodium deoxycholate
Same design was followed
for
all the
samples B and C. 
and 1 mL of methylene blue indicator were added to
Fig. 3: Filling of wells for Chemotaxis Test
each tube. Centrifugation was done for 10 minutes
0.01 ml of Fm-leu-phe was added to the most centrally located well of the slides. 0.01 m
at 1000 rpm.
Same design was followed for all the samples B
suspension was added to each of the blank well as shown in the above figure
• Supernatant liquid was discarded and only theof Neutrophil
and C.
sediment part was collected. One drop from each
Lastly, 0.010.01
ml of 100mg,
25mg, 12.5mgwas
and 5mg
suspension
of Rasasindura
mL of50mg,
Fm-leu-phe
added
to the
most were adde
test tube was taken on separate slides. Cover slips
were placed over that drops and each slide was then centrally located well of the slides. 0.01 mL of Neutrophil
to the shaded well in three direction of one side of the slide. Same was repeated on the other en
observed under light microscope for dead candida suspension was added to each of the blank well as shown
cells and counted at least 300 cells per slide usingof thein
the above figure. Lastly, 0.01 mL of 100mg, 50mg,
slides.
Neubauer’s chamber.
25mg, 12.5mg and 5mg suspension of Rasasindura
shadedslides
wellwere
in three
one
After added
putting alltothethe
suspension,
kept fordirection
charging i.e.ofkept
in an incubator a
C. NEUTROPHIL LOCOMOTION AND CHEMOTAXIS were
side
of
the
slide.
Same
was
repeated
on
the
other
end
TEST
slides.
370 Cofforthe
2 hrs.
Then the slides were flooded in methanol for 30 min. The slides were kep

Principle

After putting all the suspension, slides were kept
When the cells are placed in a gradient of chemoflooding in formaline for 30 min. Agarose gel was removed0 carefully from slides. Giems
for charging i.e. kept in an incubator at 37 C for 2 hrs.
attractant, the cells change their shape as they orient
Then
slides
were
methanol
for 30After
min.
The drying, slide
staining
was the
carried
out and
slidesflooded
were keptinfor
drying purpose.
complete
and migrate in unison towards the source of stimulus, a
slides were kept flooding in formaline for 30 min. Agarose
process called as “chemotaxis”. Most of the neutrophil
were gel
observed
light microscope.
A distance
traveled
by thestaining
cells (distance of cell’
was under
removed
carefully from
slides.
Giemsa
locomotion assesses the behaviour of a population of cells
was carried out and slides were kept for drying purpose.
moving through cellulose nitrate filters or under agarose.migration) was noted.
After complete drying, slides were observed under light
The cells are allowed to move a set time period then fixed,
microscope. A distance traveled by the cells (distance of
stained and assessed.
cell’s migration) was noted.

Procedure

RESULTS

Three samples of neutrophil suspensions from blood
RESULTS
were taken viz A, B and C. The method for neutrophil a) NBT Assay

a) NBT Assay

Sr. No

1

32

Table III: Effect of Rasasindura on NBT Assay (Stimulated cells in %)
Table III: Effect of Rasasindura on NBT Assay (Stimulated cells in %)
Blood samples
Stimulated cells in 100%
Blood
Stimulated cells5mg
in 100%
S.No25mg
100mg
50mg
12.5mg
PC
NC
samples 100mg 50mg 25mg 12.5mg 5mg
PC NC
Sample A
35
76
64
30
22
73
16

2

Sample B

36

59

36

27

21

73

16

3

Sample C

36

59

36

27

21

73

16

Mean±SD

36±0.58

65±9.8

45±16

28±1.7

21±0.58

73±0

73±0
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Table IV: Comparison of doses of Rasasindura
with PC group
S.
No
1
2

Different
doses
100 mg
50 mg

Mean
Difference
37.33
8.333

3
4
5

25 mg
12.5 mg
5mg

27.67
45.00
51.67

Confidence SigniInterval
ficant?
16.05 to 58.62 Yes
-12.95 to
No
29.62
6.380 to 48.95 Yes
23.71 to 66.29 Yes
30.38 to 72.95 Yes

Results
***
Ns
**
***
***

n=5, ***p<0.001 and **p<0.01
Data were analyzed by one way ANOVA followed by
Tukeys multiple comparison test.
100, 12.5 and 5mg doses of Rasasindura has shown
highly significant (p<0.001) increase in the percentage
of NBT-stimulated cells except 25 mg (p<0.01) where
50 mg shows no significant result compared to Positive
control group.
2. Chemotaxis test
Table V: Effect of Rasasindura on Chemotaxis
test (in mm)
S. Blood
Stimulated cells in 100%
No samples 100mg 50mg 25mg 12.5mg 5mg
1 Sample
2.1
1.8
1.0
0.8
0.7
A
2 Sample
0.8
0.8
0.7
0.5
0.5
B
3 Sample
2.0
1.8
1.2
0.8
0.7
C
Mean+ 1.633+ 1.467+ 0.9667+ 0.7+ 0.633+
SD
0.7234 0.5774 0.2517 0.1732 0.115

PC NC
2.0 0.5

2.0 0.5
2+ 0.5+
0 0

S. Different
Mean
Confidence Interval Signifi- Results
No doses Difference
cant?
1 100 mg
0.3667
-0.7324 to 1.466
No
Ns
2 50 mg
0.5333
-0.5658 to 1.632
No
Ns
25 mg
12.5 mg
5mg

1.033
1.300
1.367

-0.06577 to 2.132
0.2009 to 2.399
0.2676 to 2.466

No
Yes
Yes

Ns
*
*

n=5 and *p<0.05, NS – not significant

Data were analyzed by one way ANOVA followed by
Tukeys multiple comparison test.
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c) Candidacidal assay
Table VII: Effect of Rasasindura on Candidacidal
assay (Dead Candida cells in %)
S. Blood
Stimulated cells in 100%
No samples 100mg 50mg 25mg 12.5mg 5mg
1 Sample
34
34
32
28
27
A
2 Sample
36
36
30
27
22
B
3 Sample
38
37
35
35
20
C
Mean + 36+2 35.67+ 32.33+ 30+
23+
SD
1.528 2.517 4.359 3.606

PC NC
34 18
34

18

34

18

34+ 18+
0.0 0.0

Table VIII: Comparison of doses of Rasasindura
with Positive control (PC) group
S. Different
Mean
Confidence
Significant? Results
No doses Difference
Interval
1 100 mg
-2.000
-9.484 to 5.484
No
Ns
2
50 mg
-1.667
-9.151 to 5.817
No
Ns
3
25 mg
1.667
-5.817 to 9.151
No
Ns
4 12.5 mg
4.000
-3.484 to 11.48
No
Ns
5
5mg
11.00
3.516 to 18.48
Yes
**
n=5, **p<0.01, NS – not significant

2.0 0.5

Table VI: Comparison of doses of Rasasindura with
Positive control (PC) group

3
4
5

Rasasindura of 12.5 and 5 mg have shown significant
(p<0.05) chemotaxis activity where 100, 50, 25 mg did
not show significant result compared to PC group.

Data were analyzed by one way ANOVA followed by
Tukeys multiple comparison test.
Rasasindura 5 mg showed significant (p<0.01)
Candidacidal assay compared to Positive control group.
Other doses show no significant results.

d) Phagocytosis Assay
Table IX: Effect of Rasasindura on Phagocytosis
assay (In Mean Particle No)
S. Blood
Candida engulfed (MPN)
No samples 100mg 50mg 25mg 12.5mg 5mg PC NC
1 Sample
3
4
4
4
2
5
2
A
2 Sample
4
4
4
4
3
5
2
B
3 Sample
2
4
3
3
3
5
2
C
Mean + 3+1 4+0 3.667+ 3.667+ 2.667+ 5+0 2+0
SD
0.5774 0.5774 0.5774
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Table X: Comparison of doses of Rasasindura with
PC group
S.
No
1

Different
doses
100 mg

Mean
Difference
2.000

2

50 mg

1.000

3

25 mg

1.333

4

12.5 mg

1.333

5

5mg

2.333

Confidence
Interval
0.4163 to
3.584
-0.5837 to
2.584
-0.2503 to
2.917
-0.2503 to
2.917
0.7497 to
3.917

Significant?

Results

Yes

*

No

Ns

No

Ns

No

Ns

Yes

**

n=5, **p<0.01 and *P<0.05, NS – not significant
Data were analyzed by one way ANOVA followed by
Tukeys multiple comparison test.
5 mg and 100 mg of Rasasindura have shown
significant (p<0.01) and (p<0.05) Phagocytic activity
respectively compared to positive control group. Other
doses did not show significant results.

The cells are exposed to Candida albicans suspension.
If the leucocytes are stimulated to phagocytic activity, the
majority of Candida cells will be engulfed by them.
Rasasindura 5 mg showed significant Candidacidal
assay compared to positive control group.
Phagocytosis is the cellular process of phagocytes of
engulfing solid particles by the cell membrane to form an
internal phagosome. In the immune system, phagocytosis
is a major mechanism used to remove pathogens and
cell debris
5 mg and 100 mg of Rasasindura have shown
significant phagocytic activity respectively compared to
positive control group.

CONCLUSION
• Increase in the Nitro Blue Tetrazolium test (NBT) assay,
Candidacidal assay, phagocytosis and chemotaxis
represents Immuno-modulatory effect of Rasasindura
in different dose for different parameter.
•

DISCUSSION
The activity of Rasasindura was assessed for
different parameters like nitroblue tetrazolium (NBT) test,
phagocytosis, Candidacidal assay, neutrophil locomotion
and chemotaxis assay in five different doses by using
three healthy adults' blood samples.
Certain immune system cells, normally white blood
cells can change a colorless chemical called nitroblue
tetrazolium (NBT) into a deep blue color. If the sample
does not change color when NBT is added, the white
blood cells are missing the substance needed to kill
bacteria
100, 12.5 and 5mg doses of Rasasindura have shown
highly significant increase in the percentage of NBTstimulated cells compared to positive control group.
Chemotaxis is unidirectional movement of a cell in
response to a chemical gradient. It is necessary for the
development and homeostatic trafficking of immune
cells for organizing the juxtaposition of immune cells
and antigen necessary to generate long lasting antigen
specific immunity.
Rasasindura of 12.5 and 5 mg have shown
significant chemotaxis activity compared to positive
control group.
34

Through this study it can be concluded that
Rasasindura is an antioxidant and immunomodulator
(at 5mg).
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Manasamitra Vataka and Shirodhara
treatments preserve slow wave sleep and
promote sleep continuity in patients with
generalized anxiety disorder and co-morbid
generalized social phobia
Basavaraj R. Tubaki1, Anupriya Verma1, Arun Sasidharan1, S. Sulekha1,
T. N. Sathyaprabha1, D. Sudhakar2, C. R. Chandrashekar3, G. S. Lavekar4 and
Bindu M. Kutty1,*
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Department of Neurophysiology, 2 Advanced Centre for Ayurveda, and
Department of Psychiatry, National Institute of Mental Health and Neurosciences, Bengaluru 560 029, India
4
Central Council for Research in Ayurvedic Sciences, New Delhi 110 058, India
3

This study demonstrates the clinical efficacy of Manasamitra Vataka and Shirodhara (Ayurvedic treatments) over clonazepam in preserving slow wave sleep
and promoting sleep quality in patients of generalized
anxiety disorder (GAD) with co-morbid generalized
social phobia. Whole night polysomnography was carried out to assess the sleep architecture and spindle–
delta dynamics. The study highlights the sleep promoting and preserving nature of Manasamitra Vataka
and Shirodhara in GAD patients with co-morbid generalized social phobia. Ayurvedic treatments were
helpful in improving the subjective quality of sleep
and preserve sleep organization. Further studies are
needed to confirm the potential of Ayurvedic interventions as a treatment of choice in the management of
anxiety disorders.
Keywords: Clonazepam, generalized anxiety disorder,
Manasamitra Vataka, Shirodhara, sleep architecture.

Introduction
GENERALIZED anxiety disorder (GAD) is a common disabling chronic disorder characterized by excessive worry
accompanied with a wide range of physical symptoms
like sweating, palpitation, etc. Social phobia (SP) is one
of the most frequent co-morbidity of GAD, characterized
by irrational fear of public humiliation or embarrassment.
Sleep disturbances are common manifestation of major
depressive and anxiety disorders1,2. Relatively little
research has been focused on sleep disturbances in anxiety
disorders compared to affective disorders. Disturbances

*For correspondence. (e-mail: bindu.nimhans@gmail.com)
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in sleep such as trouble in falling asleep or staying
asleep, increased daytime fatigue, decreased sleep efficiency, increased sleep latencies, intermittent awakenings, reduced slow wave sleep (SWS) and rapid eye
movement (REM) sleep states have been reported in
patients with GAD1,3,4. Though sleep disturbances are reported in patients with social phobias, polysomnographic
studies to ascertain the sleep architecture among GAD
patients with co-morbid social phobia are scanty. Additionally, conventional anxiolytic agents such as clonazepam have been reported to affect sleep quality. Shortterm use of benzodiazepines helps improve the sleep
quality, sleep duration and efficiency, but alters the sleep
architecture5. Long-term treatment has many deleterious
effects on sleep6. Serotonin–norepinephrine reuptake inhibitors (SNRI) and selective serotonin reuptake inhibitors (SSRI) on the other hand, suppress REM sleep and
increase nocturnal arousals7. Considering such side effects of these agents on sleep, newer treatment strategies
are encouraged in the management of anxiety disorders.
An alternative system of medicine such as Ayurveda is
one such possibility and anxiety was found to be the
strongest predictor (odds ratio 3 : 1; 95% confidence interval, 1.6–6.0) for patients to use this system of medicine8. Manasamitra Vataka9 and Shirodhara therapy
(dripping of medicated oil over the forehead) are the most
widely used Ayurvedic treatments for GAD. We have
demonstrated the clinical effectiveness of Manasamitra
Vataka and Shirodhara therapy over clonazepam in the
management of GAD with co-morbid generalized social
phobia, as these treatments were found to have potent
anxiolytic properties10. The present study investigates
the effectiveness of these treatments on sleep organization in GAD patients with co-morbid generalized social
phobia.
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Methodology
This was an open label, randomized, controlled, parallelgroup study. Patients attending the psychiatry outpatient
department of psychiatry at the National Institute for
Mental Health and Neurosciences (NIMHANS), Bengaluru
were recruited for the study. The methodology used is
described in a previous publication10; however, important
components are described here.

Patients
Right-handed patients (n = 72), between 20 and 55 years
of age, diagnosed with GAD and co-morbid generalized
social phobia according to the DSM-IV-TR criteria by a
psychiatrist and meeting Hamilton anxiety rating scale
(HARS) >18 (ref. 11), were recruited from the psychiatric
outpatient department at NIMHANS. Patients with significant depression (Beck depression inventory scores
>17), any other AXIS I and medical disorders, or on any
psychotropic drugs within four weeks prior to the study
were excluded. Patients with substance abuse, as well as
pregnant and lactating females were excluded. Patients
were explained about the nature and design of the study
and informed consent was obtained. The study was initiated after obtaining approval from the Institute ethics
committee.

Treatment
Patients were randomized (blocked randomization) into
one of the three groups; Group-I, (n = 24) received tablet
Manasamitra Vataka (100 mg, twice daily, for 30 days
according to the literature) 9, group-II (n = 24) received
Shirodhara10 with Brahmi tailam (oil-based extract of
Bacopa monniera) in the morning12 for the first seven
days in addition to tablet Manasamitra Vataka as mentioned for group-I. Manasamitra Vataka is classical
drug9; details of its compound formulation has been provided in the earlier study10. Manasamitra Vataka tablets
were procured from the Central Research Institute (Ayurveda), Cheruthuruthy, a unit of the Central Council for
Research in Ayurvedic Sciences, Department of AYUSH,
Ministry of Health and Family Welfare, Government of
India. Group-III (n = 24) received clonazepam tablet
(0.25 mg in the morning and 0.50 mg at night) for 30
days. Medications were administered in the morning and
1 h prior to the habitual sleep time.

Whole night polysomnography and sleep
architecture assessment
Subjects were asked to maintain a sleep diary and abstain
from alcohol, caffeine and naps two weeks prior to the
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study until completion of the treatment. In addition,
whole-night polysomnographic (PSG) recordings were
made in a semi-sound proof recording chamber (sleep
cabin) under video-monitored supervision in a standard
sleep laboratory setting during the patients’ habitual sleep
timings. We carried out whole-night PSG for two consecutive nights, both before as well as following the treatment
intervention. In both cases, the first night’s recording was
for habituation to the laboratory settings and the second
night’s recording was for sleep architecture assessments.
PSG was recorded according to the method described by
the Rechtshaffen and Kales13 .
EEG was recorded using disc electrodes placed bilaterally in frontal (F3, F4), central (CZ), and occipital
(O1, O2) positions based on the 10–20 system recording
of EEG introduced by Jasper 14. EOG electrodes were
placed on both canthi and EMG was recorded from the
chin muscles. EEG and EOG were recorded with a time
constant of 0.3 sec and a sensitivity of 5 V/mm and low
pass filter 70 Hz, whereas EMG had a time constant of
1.0 sec and sensitivity of 5 V/mm and low pass filter
70 Hz respectively, using a 32-channel digital Neurofax
EEG instrument (Neurofax EEG 2110, Nihon Kohden,
Japan). The electrical impedance was kept below 3 K.
The monopolar derivation of EEG and EOG was utilized
for assessment of the sleep stages using Polysmith software (version 1.7.8R16H; Nihon Kohden, Japan). Epoch
by epoch visual scoring was done manually by a trained
scorer blind to the study. Sleep architecture and assessment of sleep variables such as sleep efficiency, sleep
onset latency, total sleep time, duration of each sleep
stages, etc. have been assessed according to Rechtshaffen
and Kales classification of sleep stages13.

Assessment of spindle–delta dynamics
A sub-sample of the PSG data acquired from group-I and
group-III patients (group-I: n = 9; group-III: n = 10; agematched; data taken both before and after treatment) were
subjected to spindle–delta dynamics analysis. First, the
EEG data were converted to ‘EDF’ format (European Data
Format; using EDF browser v1.54 software) and imported
into EEGLAB toolbox within MATLAB software, where
further analysis was carried out. The sleep EEG data were
pre-processed using FIR-based band-pass filtering (0.5–
35 Hz) and notch filter (50 Hz). Two time–frequency
analysis strategies were undertaken on Cz channel of the
pre-processed sleep EEG data; a conventional time–
frequency approach based on ‘Hilbert transform’ and another approach based on ‘Neuroloopgain’ (Polyman
v1.15.3 software). Cz channel (referenced to averaged ear
lobe electrodes) was chosen as it is a recommended site
to observe both spindle and delta oscillations13.
For the Hilbert transform approach 15, the channel
data were first band-pass filtered to 11–16 Hz (for sleep
CURRENT SCIENCE, VOL. 111, NO. 2, 25 JULY 2016
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spindles) or 0.5–4 Hz (for delta waves), and then Hilbert
transform applied to extract the instantaneous magnitude
(amplitude). The amplitude time series was then squared
and further smoothened (using 0.01 Hz low-pass FIR
filtering) to represent the spindle or delta dynamics
across the whole night.
Neuroloopgain analysis was done using the Neuroloopgain plugin of Polyman software. Neuroloopgain is
a measure of micro-continuity of sleep-related delta and
spindle oscillations, and is independent of the amplitude
of EEG rhythms16. In brief, Neuroloopgain or microcontinuity analysis uses a resonance filter (which
enhances the frequency band that needs to be passed) to
constantly track the rhythmic EEG component (spindle or
delta oscillation) between consecutive EEG samples. The
filter’s response is used to predict the rhythm that is
expected to continue to the next (20 ms later) EEG sample, and the fraction of predicted signal that repeats is
expressed as micro-continuity percentage (0–100) per
second of sleep EEG data. This measure relies on the
physiological model that gain in sleep neural network
modulates the gain in spindle or delta oscillatory feedback loops.
We used median power, cumulative power (integrated
over whole sleep), median Neuroloopgain and cumulative
Neuroloopgain (integrated over whole sleep) as measures
of spindle–delta dynamics across whole-night sleep data,
irrespective of sleep stages. Cumulative parameters were
computed as sum of power or Neuroloopgain values
above the median value for each subject.

Statistical methods
Statistical analysis was carried out using SPSS version
15.0. Homogeneity of data across the groups was evaluated by 2 test. Comparison of groups across different
time points was done using repeated measures ANOVA
with Bonferroni post-hoc test. Values are reported as
mean  1 standard deviation (SD). All tests were considered statistically significant P < 0.05. By considering the
16 variables of polysomnography, adjustment to multiple
corrections was done. P < 0.003 was considered to be
significant. All the time–frequency measures for sleep
spindles and delta waves were log-transformed before
statistical analysis using the non-parametric Wilcoxonsigned rank test with significance set at P < 0.006
(after Bonferroni’s correction for eight measurements
per group).

Results
Patient profile
Out of 72 patients recruited for the study, seven (two
each from group-I and group-II, and three from group-III)
CURRENT SCIENCE, VOL. 111, NO. 2, 25 JULY 2016

dropped out due to personal problems unrelated to the
study. Some patients (two patients each from group-I and
group II) reported with mild abdominal colic which
subsided without any intervention and six patients from
group-III reported daytime sleepiness during the first
week of meditation without affecting their daytime
functioning. The mean age, gender, height, weight, body
mass index, duration, severity of illness and history of
sleep disturbances were comparable in all the three
groups10 (Table 1). Baseline values of sleep architecture
(Table 2) were also comparable between groups.

Sleep quality assessment
Details of sleep quality (especially time of waking, time
of getting out of bed, waking up refreshed or tired, time
of going to bed, time of falling asleep, number of night
awakenings, duration of night awakenings and factors
affecting sleep) were obtained from the sleep diary
maintained by the patients. Table 1 provides the sleep
disturbances ascertained from the sleep diary. All the
interventions brought significant improvement in sleep
quality. Effect of interventions was comparable between
groups, except the duration of night awakenings
(P = 0.005), which was improved in group-II (P = 0.005)
and group-III (P = 0.006) compared to group-I (Table 3).

Sleep architecture assessment
Most of the sleep variables such as sleep efficiency index,
sleep duration, REM duration, sleep onset latency, REM
onset latency, total wake duration, micro arousal index
and sleep cycle were comparable between groups
(Table 2). The non-rapid eye movement (NREM) state
[expressed as % (F (1, 62) = 38.063, P < 0.001) and in
minutes (F (1, 62) = 32.088, P < 0.001)] showed significant changes among groups with time as within group
factor; however group-III showed significant reduction
compared to group-I (Table 2; Figures 1 and 2).

NREM stage 2 (%)
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a significant effect of time (F(1, 62) = 24.994, P < 0.001).
There was also a significant effect of group (F(2, 62) =
11.857, P < 0.001). Post-hoc tests revealed significant
increase in group-III compared to group-I (P = 0.016) and
group-II (P < 0.001) after treatment. Group  time interaction was significant (F(2, 62) = 20.972, P < 0.001).
Post-hoc analysis showed that post-treatment NREM
stage (S2) (%) in group-III was significantly increased
compared to group-I and group-II (P < 0.001; Table 2 and
Figures 1 and 2).
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Table 1.
Clinical profile
Age (years)
Gender
Height (cm)
Weight (kg)
Body mass index
Severity of anxiety
Hamilton anxiety rating scale
Becks anxiety inventory
Becks depression inventory
Epworth sleepiness scale
Duration of illness (years)
Age of onset (years)
H/O sleep disturbance

Patient profile

Group-I (n = 24)

Male
Female

Moderate
Severe

Yes
No

Total patients recruited
Drop-outs
Completed study

27.46  4.45
20
4
166.97  5.95
62.59  9.07
22.43  2.84
0
24
31.58  3.23
26.50  5.13
13.66  4.70
6.22  3.43
6.44  4.87
21.01  5.71
12
12
24
2
22

Group-II (n = 24)
26.84  5.02
21
3
166.84  5.71
61.08  10.34
21.91  3.35
0
24
32.63  3.31
30.63  5.32
14.41  2.31
6.35  4.10
7.35  3.75
19.49  6.08
14
10
24
2
22

Group-III (n = 24)
30.25  6.90
18
6
165.38  8.78
63.46  12.46
23.22  4.23
1
23
31.85  4.28
26.57  7.92
12.52  3.74
6.28  5.26
7.48  6.33
23.76  6.86
13
11
24
3
21

P-value
0.126
0.518
0.674
0.730
0.435
2.03
0.732
0.055
0.286
0.968
0.735
0.102
0.336

0.316

Data expressed as mean and standard deviation.

group-II and group-I. The REM sleep states were not
altered in patients and remained the same following
treatment in all three groups. The representative hypnograms (Figure 2) highlight the changes brought about
by the interventions.

Spindle–delta dynamics across the whole night

Figure 1. Changes in non-rapid eye movement (NREM) sleep stages
S1 and S2 in group-I (n = 22), group-II (n = 22) and group-III (n = 21)
assessment pre- and post-intervention. Results are expressed as
mean  standard deviation (SD). Level of significance is *P < 0.05,
**P < 0.01, ***P < 0.001.

Group I showed no significant difference in any of the
spindle or delta dynamics parameters between pre- and
post-treatment (Table 4 and Figure 4). Whereas group-III
showed significant reduction in median (P = 0.004) and
cumulative (P = 0.002) Neuroloopgain values of spindle,
and median (P = 0.002) and cumulative (P = 0.002)
power values of delta (Figure 5), indicative of reduced
spindle and delta genesis during SWS.

NREM slow wave sleep
Discussion
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a significant effect of time (F(1,62) = 17.710, P < 0.001).
There was also a significant effect of group (F(2,62) =
6.368, P = 0.003). Post-hoc tests showed significant
decrease in group-III compared to group-I (P = 0.004)
and group-II (P = 0.020). Group  time interaction was
significant (F(2,62) = 31.138, P < 0.001). Post-hoc analysis
showed that post-treatment SWS in group-III was significantly decreased compared to group-I and group-II
(P < 0.001; Table 2 and Figures 2 and 3).
Major significant changes were observed in NREM
S2% and for SWS between groups. Post-treatment increase in NREM S2% (P < 0.001) and decrease in SWS
(P < 0.001) was observed in group-III compared to
286

This study comprehensively evaluated the distinct changes
in sleep architecture brought about by Manasamitra
Vataka with or without Shirodhara and clonazepam interventions in GAD patients with co-morbid generalized
social phobia. Ayurvedic treatments were found to be
more effective in promoting and preserving SWS thus
maintaining the normal sleep architecture, whereas clonazepam treatment grossly altered the sleep architecture in
GAD patients.
Insomnia is quite prevalent in GAD 17 and almost 60–
70% patients with GAD reported sleep disturbances such
as trouble falling and staying asleep, increased daytime
fatigue, irritability and difficulty in coping1,3. Patients
with SP reported poor sleep quality, longer sleep latency,
CURRENT SCIENCE, VOL. 111, NO. 2, 25 JULY 2016
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Table 2.

Comparison of sleep architecture variables in three groups of patients before and after the interventions
P value (comparison between groups)
Intervention

Group-I
(n = 22)

Group-II
(n = 22)

Group-III
(n = 21)

Sleep efficacy index (%)

Before
After

89.87  7.11
89.06  8.04

90.62  6.23
92.26  5.42

Sleep duration

Before
After

413.68  57.23
400.53  60.23

NREM stage-1 (%)

Before
After
P value

NREM stage-2 (%)

Sleep variables

I–II

I–III

II–III

88.97  6.86
91.69  5.02

1
0.294

1
0.534

1
1

416.79  49.94
422.61  35.72

392.35  41.14
415.76  38.79

1
0.357

0.501
0.857

0.343
1

9.11  6.46
6.29  4.08
0.001**

8.76  7.02
5.77  4.45
0.001**

6.18  3.75
3.15  2.66
0.001**

1
1
–

0.337
0.027*

0.482
0.085

Before
After

48.16  6.72
49.08  10.85

43.10  10.97
43.14  10.36

47.68  9.18
65.21  12.69

0.211
0.260

1
<0.001***

0.315
<0.001***

NREM SWS (%)

Before
After

18.77  6.06
20.46  6.79

18.27  7.61
18.57  7.13

18.29  8.52
7.21  7.57

1
1

1
<0.001***

1
<0.001***

REM (%)

Before
After

23.96  4.88
24.15  7.62

29.85  6.94
30.18  8.28

27.85  7.79
24.41  7.29

0.014*
0.037*

0.177
1

0.983
0.053

Wake (min)

Before
After

46.43  33.09
49.09  34.19

42.97  32.80
36.77  27.32

49.59  33.41
37.95  23.66

1
0.483

1
0.629

1
1

NREM stage-1 (min)

Before
After
P value

37.90  25.66
25.86  17.15
0.001**

36.02  27.46
24.47  18.67
0.002**

24.95  16.44
13.28  11.62
0.002**

1
1
–

0.237
0.04*

0.397
0.08

NREM stage-2 (min)

Before
After

197.36  32.76
195.09  40.88

179.09  47.53
171.38  61.66

186.04  35.51
256.26  73.61

0.381
0.585

1
0.004**

NREM stage-3 (min)

Before
After

46.47  18.22
45.18  17.71

41.18  15.68
41.90  19.59

46.67  17.16
20.50  19.30

0.921
1

1
<0.001***

NREM stage-4 (min)

Before
After

31.77  24.40
36.86  23.95

34.54  29.28
40.65  31.22

36.30  61.91
9.40  18.52

1
1

1
0.002**

REM (min)

Before
After

100.84  29.65
94.14  40.58

125.97  38.27
126.86  38.61

110.57  38.77
101.47  30.70

0.069
0.014*

1
1

0.489
0.084

SOL (min)

Before
After

10.15  7.61
10.00  6.78

10.09  8.03
9.09  12.78

11.09  8.28
8.97  8.04

1
1

1
1

1
1

ROL (min)

Before
After

93.36  32.99
105.63  43.08

97.34  53.85
99.27  41.97

91.76  37.59
127.00  75.25

1
1

1
0.629

1
0.315

Micro arousal index

Before
After

15.14  6.51
15.36  7.33

12.89  4.16
12.17  5.60

13.94  6.35
11.94  4.82

0.601
0.251

1
0.202

1
1

Sleep cycle

Before
After

4.18  1.05
3.72  1.03

4.36  0.95
4.04  0.89

4.38  1.11
4.00  1.18

1
0.945

1
1

1
1

1
<0.001***
0.885
0.001***
1
<0.001***

Data expressed as mean  SD. *P < 0.05, **P < 0.01, ***P < 0.001. NREM, Non-rapid eye movement sleep; REM, Rapid eye movement sleep,
SOL, Sleep onset latency; ROL, REM onset latency; SWS, Slow wave sleep.

frequent awakenings and daytime dysfunctions18. In the
present study, almost 56% of patients reported history of
disturbed sleep, delayed period of sleep onset, more
awakenings per night and non-refreshing type of sleep.
Following treatment interventions, patients from all groups
reported improvement in sleep quality and felt refreshed
after sleep. Sleep architecture profiles revealed that the
major sleep variables like sleep efficiency, duration,
micro-arousals, etc. were almost within the normal physiological limits19. Some studies however revealed inconclusive reports; either increase or decrease in NREM S1,
NREM S2, NREM S4, changes in NREM S3 and REM
CURRENT SCIENCE, VOL. 111, NO. 2, 25 JULY 2016

sleep, etc4. Differences observed in both subjective and
objective sleep assessments could be associated with
sleep disturbances in the patients. The SWS states are restorative in nature and Ayurvedic interventions preserved
them. Additionally, Ayurvedic treatments (Manasamitra
Vataka treatment with and without Shirodhara) reduced
the NREM S1 sleep, thus reducing sleep onset latency,
reduced intermittent awakenings, and helped maintain
sleep continuity. Clonazepam treatment enhanced NREM
S2, REM (%), REM onset latency but significantly
reduced SWS, which is an important component of restoration. Benzodiazepine20 has been shown to grossly alter
287
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Figure 2. Representative hypnograms of generalized anxiety disorder patients with comorbid generalized social
phobia, before and after intervention.
Table 3.

Comparison of qualitative sleep parameters from sleep diary in three groups of patients before and after the interventions
P-value
Comparison between groups

Intervention

Group-I
(n = 22)

Group-II
(n = 21)

Group-III
(n = 21)

I–II–III

Wake up refreshed
Pre
Post

12
16

9
15

8
15

0.367

Wake up tired
Pre
Post

10
6

13
7

13
6

0.138

Duration of sleep onset (min)
Pre
Post
P-value

11.36  4.41
8.40  3.89
0.001**

11.36  4.92
6.81  2.46
<0.001***

13.09  5.11
7.14  2.53
<0.001***

0.599

Number of night awakenings
Pre
Post
P-value

2.18  1.43
1.36  1.09
0.001**

2.54  1.18
1.40  0.59
<0.001***

2.80  1.36
1.42  1.20
<0.001***

0.545

Duration of night awakenings (min)
Pre
Post
P-value

3.36  1.52
2.77  1.30
0.032*

2.63  1.52
1.81  0.90
0.003**

2.57  1.43
1.80  0.51
0.007**

Number of days of stress affecting sleep in a week
Pre
Post
P-value

3.09  0.92
1.50  0.51
<0.001***

2.86  0.88
1.59  0.50
<0.001***

3.04  0.86
1.42  0.50
<0.001***

0.919

Time of getting out of bed (min)
Pre
Post
P-value

9.18  6.31
7.72  4.34
0.046*

9.63  4.68
8.04  2.71
0.029*

9.52  3.84
6.66  2.88
<0.001***

0.828

0.015

I–II

I–III

II–III

0.005**

0.006**

1

Data expressed in mean  standard deviation.*P < 0.05, **P < 0.01, ***P < 0.001.

the sleep architecture5. Our study also demonstrated such
non-restorative quality of sleep by clonazepam. The literature on the effects of clonazepam on sleep architecture
is scanty and the present study contributes towards its
role on sleep architecture.
Manasamitra Vataka is a compound formulation,
which has nootropic, psychotropic and anxiolytic proper288

ties9,10. Ingredients such as Withania somnifera have
GABA-mimetic activity21; Bacopa monneira has been
shown to promote sleep22. Up-regulation of serotonin receptors23 and GABAergic modulation of B. monniera24
and Centella asiatica25 have also been reported. However,
the effect of external use of Brahmi oil (B. monnieri) has
not been reported. Shirodhara treatment has been shown
CURRENT SCIENCE, VOL. 111, NO. 2, 25 JULY 2016
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Table 4.

Comparison of sleep spindle–delta dynamics variables in a subsample of group-I and group-III patients before and after the interventions
Pre-treatment

Group

Sleep spindle–delta
dynamics variables

Statistical
analysis

Post-treatment

Mean

SD

N

Mean

SD

N

P-value

I

Neuroloopgain–delta
Cumulative Neuroloopgain–delta
Neuroloopgain–spindle
Cumulative Neuroloopgain–spindle
Hilbert transform–delta
Cumulative Hilbert transform–delta
Hilbert transform–spindle
Cumulative Hilbert transform–spindle

51.27
716,000.00
38.29
521,000.00
3,800.00
5,360,000.00
52.57
72,300.00

9.34
170,000.00
14.35
187,000.00
4,180.00
6,110,000.00
27.72
43,300.00

9
9
9
9
9
9
9
9

50.10
669,000.00
33.54
448,000.00
7430.00
9,560,000.00
87.03
112,000.00

10.91
148,000.00
11.20
150,000.00
12,500.00
16,000,000.00
99.89
127,000.00

9
9
9
9
9
9
9
9

0.734
0.426
0.164
0.250
0.250
0.164
0.570
0.359

III

Neuroloopgain–delta
Cumulative Neuroloopgain–delta
Neuroloopgain–spindle*
Cumulative Neuroloopgain–spindle*
Hilbert transform–delta*
Cumulative Hilbert transform–delta*
Hilbert transform–spindle
Cumulative Hilbert transform–spindle

43.77
576,000.00
35.79
478,000.00
1,560.00
2,000,000.00
100.01
128,000.00

12.69
180,000.00
16.32
221,000.00
1,710.00
2,110,000.00
76.81
96,400.00

10
10
10
10
10
10
10
10

25.28
338,000.00
50.37
681,000.00
587.23
770,000.00
77.94
102,000.00

14.48
198,000.00
12.61
189,000.00
217.18
280,000.00
31.33
41,900.00

10
10
10
10
10
10
10
10

0.019
0.037
0.004*
0.002*
0.002*
0.002*
0.160
0.232

Statistical analysis was done using Wilcoxon signed rank test with a significance threshold set at P < 0.006. Hilbert transform-based parameters are
represented in V2 and Neuroloopgain based parameters in percentage.

Figure 3. Changes in NREM slow wave sleep (SWS) and rapid eye movement stages of sleep (REM) in
group-I (n = 22), group-II (n = 22) and group-III (n = 21) assessment pre- and post-intervention. Results
are expressed as mean  SD. Level of significance is *P < 0.05, **P < 0.01, ***P < 0.001.

to produce anxiolytic effects as assessed by state-trait
anxiety inventory26–29 and Shirodhara effect could be
through brain-targeted transcranial drug delivery30,31. The
present study shows that Shirodhara with Brahmi oil
considerably reduces the micro-arousals and helps in
sleep continuity. We have earlier reported about the
sleep-promoting effects of Shirodhara, as the treatment
significantly reduces daytime sleepiness10. Moreover, the
spindle–delta dynamics examined on a subgroup of patients, also showed no significant alteration after Ayurvedic treatment. On the contrary, clonazepam treatment
resulted in deficits in delta power and spindle density (inferred from Neuroloopgain analysis), which are indications of reduced sleep intensity.
Ayurvedic treatments are thus more effective compared
to clonazepam in maintaining a proper sleep architecture,
CURRENT SCIENCE, VOL. 111, NO. 2, 25 JULY 2016

spindle–delta dynamics, and also help in preserving SWS.
Sleep spindles are believed to be a key player in sleep
maintenance, particularly in the progression to deeper
SWS and transition to REM sleep. SWS has a significant
role in maintaining body homeostasis like cerebral restoration and recovery32,33. SWS is the main time period for
secretion of anabolic growth hormone34, for tissue repair
and growth35, synaptic density36, learning and synaptic
plasticity, memory consolidation, especially declarative
memory37 and is involved in the maintenance and consolidation of sleep38.
The present study has several limitations as it is openlabelled and not a double-blind randomized control study.
An additional placebo group would have helped demonstrate the subsequent changes in sleep after the interventions; but this had other ethical implications. Similarly,
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Figure 4. Representative spindle–delta dynamics from group-I (treatment with Manasamitra Vataka) before and
after intervention.

long-term interventions would have been more effective
on the clinical and sleep profiles. As both Manasamitra
Vataka and Shirodhara are being studied for the first time
on a psychiatric population 10, further studies are required
to understand the profile of the medications on other
biological parameters as well.
Overall, the study highlights the sleep promoting and
preserving nature of Manasamitra Vataka and Shirodhara
in GAD patients with co-morbid generalized SP. Ayurvedic treatments helped in improve the subjective quality of sleep and preserve sleep organization. They were
290

also found to be highly effective over clonazepam in
terms of preserving SWS and maintaining sleep quality.
Shirodhara treatment had an add-on effect on Manasamitra Vataka treatment, as it helped improve the sleep continuity by reducing the micro-arousals and also the
daytime sleepiness10. Clinical variables outcome showed
that Ayurvedic interventions were effective in ameliorating GAD with co-morbid generalized SP and were comparable to clonazepam10. Hence Ayurvedic interventions
like Manasamitra Vataka can be the drug of choice in the
comprehensive management of GAD with generalized
CURRENT SCIENCE, VOL. 111, NO. 2, 25 JULY 2016

SPECIAL SECTION: INTEGRATIVE MEDICINE

Figure 5. Representative spindle–delta dynamics from group-III (treatment with clonazepam) before and after
intervention.

SP. The medications used in the present study are suggestive of an effective comprehensive treatment strategy in
GAD with generalized SP.

4.
5.

1. Benca, R. M., Sleep in psychiatric disorders. Neurol. Clin., 1996,
14, 739–764.
2. Ohayon, M. M. and Roth, T., Place of chronic insomnia in the
course of depressive and anxiety disorders. J. Psychiatr. Res.,
2003, 37, 9–15.
3. Saletu, B. et al., Nonorganic insomnia in generalized anxiety disorder. 2. Comparative studies on sleep, awakening, daytime vigilance and anxiety under lorazepam plus diphenhydramine
(somnium) versus lorazepam alone, utilizing clinical, polysomnoCURRENT SCIENCE, VOL. 111, NO. 2, 25 JULY 2016

6.

7.

graphic and EEG mapping Meth. Neuropsychobiology, 1997, 36,
130–152.
Monti, J. M. and Monti, D., Sleep disturbance in generalized anxiety
disorder and its treatment. Sleep Med. Rev., 2000, 4, 263–276.
Saletu, B. et al., Insomnia in generalized anxiety disorder: polysomnographic, psychometric and clinical investigations before,
during and after therapy with a long-versus a short-half-life benzodiazepine (quazepam versus Triazolam). Neuropsychobiology,
1994, 29, 69–90.
Bastien, C. H., LeBlanc, M., Carrier, J. and Morin, C. M., Sleep
EEG power spectra, insomnia and chronic use of benzodiazepines.
Sleep, 2003, 26, 313–317.
Jindal, R. D., Friedman, E. S., Berman, S. R., Fasiczka, A. L.,
Howland, R. H. and Thase, M. E., Effects of sertraline on sleep
291

SPECIAL SECTION: INTEGRATIVE MEDICINE

8.
9.
10.

11.
12.
13.

14.

15.
16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

292

architecture in patients with depression. J. Clin. Psychopharmacol., 2003, 23, 540–548.
Astin, J. A., Why patients use alternative medicine: results of a
national study. JAMA, 1998, 279, 1548–1553.
Sharma, R. and Sharama, S. (eds), In Sahasrayoga, Chaukhamba
Sanskrit Pratishthan, New Delhi, 2002, pp. 253–254.
Tubaki, B. R., Chandrashekar, C. R., Sudhakar, D., Prabha, T. N.
S., Lavekar, G. S. and Kutty, B. M., Clinical efficacy of Manasamitra Vataka (an Ayurveda medication) on generalized anxiety
disorder with comorbid generalized social phobia: a randomized
controlled study. J. Altern. Complement. Med., 2012, 18, 612–621.
Hamilton, M., The assessment of anxiety states by rating. Br. J.
Med. Psychol., 1959, 32, 50–55.
Sharma, R., Ayurveda Sara Sangraha, Shree Baidyanath Ayurved
Bhavan Limited, Nagpur, 1996, 18th edn., p. 690.
Wolpert, E., A manual of standardized terminology, techniques
and scoring system for sleep stages of human subjects. Arch. Gen.
Psychiatry, 1969, 20, 129–144.
Jasper, H. H., Report of the committee on methods of clinical
examination in electroencephalography. Electroencephalogr. Clin.
Neurophysiol., 1958, 10, 370–375.
Freeman, W., Hilbert transform for brain waves. Scholarpedia,
2007, 2, 1338.
Kemp, B., Zwinderman, A. H., Tuk, B., Kamphuisen, H. A. C. and
Oberyé, J. J. L., Analysis of a sleep-dependent neuronal feedback
loop: the slow-wave microcontinuity of the EEG. IEEE Trans.
Biomed. Eng., 2000, 47, 1185–1194.
Anderson, D. J., Noyes, R. and Crowe, R. R., A comparison of
panic disorder and generalized anxiety disorder. Am. J. Psychiatry., 1984, 141, 572–575.
Stein, M. B., Kroft, C. D. and Walker, J. R., Sleep impairment in
patients with social phobia. Psychiatry. Res., 1993, 49, 251–256.
Carskadon, M. A. and Dement, W. C., Principles and Practice of
Sleep Medicine, Elsevier Saunders: Philadelphia, 2005, 4th edn,
pp. 13–23.
Hindmarch, I., Dawson, J. and Stanley, N., A double-blind study
in healthy volunteers to assess the effects on sleep of pregabalin
compared with alprazolam and placebo. Sleep, 2005, 28, 187–193.
Kulkarni, S. and George, B., Anticonvulsant action of Withania
Somnifera (Aswaganda) root extract against pentylenetetrazol‐induced kindling in mice. Phytother. Res., 1996, 95, 447–449.
Malhotra, C. L. and Das, P. K., Pharmacological studies of
Herpestis Monniera, Linn., (Brahmi). Indian J. Med. Res., 1959,
47, 294–305.
Saraf, M. K., Prabhakar, S. and Anand, A., Bacopa monniera
Alleviates N(omega)-nitro-L -arginine arginine-induced but not
MK-801-induced amnesia: a mouse Morris Watermaze study.
Neuroscience, 2009, 160, 149–155.
Prabhakar, S., Saraf, M. K., Pandhi, P. and Anand, A., Bacopa
monniera exerts antiamnesic effect on diazepam-induced anterograde Amnesia in mice. Psychopharmacology, 2008, 200, 27–37.
Awad, R., Levac, D., Cybulska, P., Merali, Z., Trudeau, V. L. and
Arnason, J. T., Effects of traditionally used anxiolytic botanicals
on enzymes of the gamma-aminobutyric acid (GABA) system.
Can. J. Physiol. Pharmacol., 2007, 85, 933–942.
Uebaba, K., Xu, F., Tatsuse, T. and Hisajima, T., Psychological
mechanism of traditional healing technique performed by the heal-

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

ing robot through the life information field. J. Int. Soc. Life Info.
Sci., 2004, 22, 169–178.
Uebaba, K. et al., Using a healing robot for the scientific study of
Shirodhara. Altered states of consciousness and decreased anxiety
through Indian dripping oil treatments. IEEE Eng. Med. Biol.
Mag., 2005, 24, 69–78.
Uebaba, K., Xu, F. H., Ogawa, H., Tatsuse, T., Wang, B. H., Hisajima, T. and Venkatraman, S., Psychoneuroimmunologic effects of
Ayurvedic oil-dripping treatment. J. Altern. Complement. Med.,
2008, 14, 1189–1198.
Xu, F. H., Uebaba, K., Ogawa, H., Tatsuse, T., Wang, B. H., Hisajima, T. and Venkatraman, S., Pharmaco–Physio–Psychologic effect of Ayurvedic oil-dripping treatment using an essential oil
from Lavendula Angustifolia. J. Altern. Complement. Med., 2008,
14, 947–956.
Pathirana, W., Abhayawardhana, P., Kariyawasam, H. and
Ratnasooriya, W. D., Transcranial route of brain targeted delivery
of methadone in oil. Indian J. Pharm. Sci., 2009, 71, 264–
269.
Pathirana, W., Constantine, G., Perera, B., Gunasekera, S., Perera,
S. and Kamaladiwela, R., Brain targeted transcranial administration of diazepam and shortening of sleep latency in healthy human
volunteers. Indian J. Pharm. Sci., 2011, 73, 497.
Benington, J. H. and Heller, H. C., Restoration of brain energy
metabolism as the function of sleep. Prog. Neurobiol., 1995, 45,
347–360.
Horne, J., Human slow wave sleep: a review and appraisal of recent findings, with implications for sleep functions, and psychiatric illness. Experientia, 1992, 48, 941–954.
Takahashi, Y., Kipnis, D. M. and Daughaday, W. H., Growth
hormone secretion during sleep. J. Clin. Invest., 1968, 47, 2079–
2090.
Adam, K., Sleep as a restorative process and a theory to explain
why. Prog. Brain Res., 1980, 53, 289–305.
Feinberg, I., Schizophrenia: caused by a fault in programmed synaptic elimination during adolescence? J. Psychiatr. Res., 1982, 17,
319–334.
Marshall, L., Helgadóttir, H., Mölle, M. and Born, J., Boosting
slow oscillations during sleep potentiates memory. Nature, 2006,
444, 610–613.
Dijk, D. J., Groeger, J. and Deacon, S., Association between individual differences in slow wave sleep, slow wave activity and
sleep continuity in young, middle-aged and older men and women.
Eur. Neuropsychopharmacol., 2006, 16, S538.

ACKNOWLEDGEMENTS. We thank the Central Council for
Research in Ayurvedic Sciences, Department of AYUSH, Ministry of
Health and Family Welfare, Government of India for funds (Project No.
13-18/2002/Tech./Vol. III). We also thank Dr N. G. K. Pillai and Dr
Devidas (formerly at the Advanced Centre for Ayurveda in Mental
Health and Neurosciences, NIMHANS, Bengaluru) for support; Ajay
Kumar for editing the manuscript, and all the patients for their cooperation during the course of the study.

doi: 10.18520/cs/v111/i2/283-292

CURRENT SCIENCE, VOL. 111, NO. 2, 25 JULY 2016

Author’s Accepted Manuscript
Ayurgenomics for stratified medicine: TRISUTRA
consortium initiative across ethnically and
geographically diverse Indian populations
Bhavana Prasher, Binuja Varma, Arvind Kumar,
Bharat Krushna Khuntia, Rajesh Pandey, Ankita
Narang, Pradeep Tiwari, Rintu Kutum, Debleena
Guin, Ritushree Kukreti, Debasis Dash, Mitali
Mukerji

PII:
DOI:
Reference:

www.elsevier.com/locate/jep

S0378-8741(16)30488-3
http://dx.doi.org/10.1016/j.jep.2016.07.063
JEP10328

To appear in: Journal of Ethnopharmacology
Received date: 18 February 2016
Revised date: 2 July 2016
Accepted date: 21 July 2016
Cite this article as: Bhavana Prasher, Binuja Varma, Arvind Kumar, Bharat
Krushna Khuntia, Rajesh Pandey, Ankita Narang, Pradeep Tiwari, Rintu Kutum,
Debleena Guin, Ritushree Kukreti, Debasis Dash and Mitali Mukerji,
Ayurgenomics for stratified medicine: TRISUTRA consortium initiative across
ethnically and geographically diverse Indian populations, Journal of
Ethnopharmacology, http://dx.doi.org/10.1016/j.jep.2016.07.063
This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

Ayurgenomics for stratified medicine: TRISUTRA consortium initiative across
ethnically and geographically diverse Indian populations
Bhavana Prasher*,1,2,4 Binuja Varma1, Arvind Kumar1, Bharat Krushna Khuntia1,
Rajesh Pandey1, Ankita Narang1, Pradeep Tiwari1,4, Rintu Kutum3,4, Debleena Guin2,
Ritushree Kukreti2, Debasis Dash1,3,4, TRISUTRA Ayurgenomics Consortium, Mitali
*
Mukerji ,1,2,4
1,

CSIR Ayurgenomics Unit- TRISUTRA,

2

Genomics and Molecular Medicine &

3

G.N.Ramachandran Knowledge Centre for Genome Informatics, CSIR-Institute of
Genomics and Integrative Biology, Mathura Road, New Delhi - 110 020, India;
4

Academy of Scientific & Innovative research, CSIR-IGIB, Delhi

bhavana.p@igib.res.in
mitali@igib.res.in
*

Corresponding author at: Bhavana Prasher, M.D (Ayurveda), CSIR Ayurgenomics Unit-

TRISUTRA, CSIR- Institute of Genomics & Integrative Biology, Sukhdev Vihar, Mathura
Road, New Delhi - 110 025. India. Tel: 91-11-29879 323; Fax no:011-27667471
*

Corresponding author at: Mitali Mukerji, PhD, Genomics and Molecular Medicine & CSIR
Ayurgenomics Unit- TRISUTRA, CSIR-Institute of Genomics and Integrative Biology,
Sukhdev Vihar, Mathura Road, New Delhi - 110 025. India. Tel: 91-11-29879 302; Fax
no:011-27667471

Abstract
Background:
Genetic differences in the target proteins, metabolizing enzymes and transporters that
contribute to inter-individual differences in drug response are not integrated in contemporary
drug development programs. Ayurveda, that has propelled many drug discovery programs
albeit for the search of new chemical entities incorporates inter-individual variability “Prakriti”
in development and administration of drug in an individualized manner . Prakriti of an
individual largely determines responsiveness to external environment including drugs as well
as susceptibility to diseases. Prakriti has also been shown to have molecular and genomic
correlates. We highlight how integration of Prakriti concepts can augment the efficiency of
drug discovery and development programs through a unique initiative of Ayurgenomics
TRISUTRA consortium.
Methods:
Five aspects that have been carried out are (1) analysis of variability in FDA approved
pharmacogenomics genes/SNPs in exomes of 72 healthy individuals including predominant
Prakriti types and matched controls from a North Indian Indo-European cohort (2)
establishment of a consortium network and development of five genetically homogeneous

cohorts from diverse ethnic and geo-climatic background (3) identification of parameters
and development of uniform standard protocols for objective assessment of Prakriti types (4)
development of protocols for Prakriti evaluation and its application in more than 7500
individuals in the five cohorts (5) Development of data and sample repository and integrative
omics pipelines for identification of genomic correlates.
Results :
Highlight of the study are (1) Exome sequencing revealed significant differences between
Prakriti types in 28 SNPs of 11 FDA approved genes of pharmacogenomics relevance viz
CYP2C19 CYP2B6, ESR1, F2, PGR, HLA-B, HLA-DQA1, HLA-DRB1, LDLR, CFTR, CPS1.
These variations are polymorphic in diverse Indian and world populations included in 1000
genomes project. (2) Based on the phenotypic attributes of Prakriti we identified
anthropometry for anatomical features, biophysical parameters for skin types, HRV for
autonomic function tests, spirometry for vital capacity and gustometry for taste thresholds as
objective parameters. (3) Comparison of Prakriti phenotypes across different ethnic, age and
gender groups led to identification of invariant features as well as some that require
weighted considerations across the cohorts.
Conclusion:
Considering the molecular and genomics differences underlying Prakriti and relevance in
disease pharmacogenomics studies, this novel integrative platform would help in
identification of differently susceptible and drug responsive population. Additionally,
integrated analysis of phenomic and genomic variations would not only allow identification of
clinical and genomic markers of Prakriti for application in personalized medicine but also its
integration in drug discovery and development programs.

Legend for graphical abstract
The figure illustrates stratification of individuals of a heterogeneous population into
homogeneous groups through Ayurgenomics that integrates Prakriti principles of Ayurveda
along with genomics and phenomics approaches. Variability in genes related to drug
response amongst extreme Prakriti types identified through this approach in the present
study has been depicted as an example.

Keywords : Ayurgenomics, Prakriti, P4 medicine, stratified medicine, Tridosha, drug
discovery and development, pharmacogenomics

1. Introduction
There has been a global increase in prevalence of chronic and complex diseases with many
life-style disorders assuming near epidemic proportions. Also, slow development of new
drugs has led to an unmet medical need with many of the drugs being withdrawn because of
frequent side-effects. In addition, there is an enormous variability in success of treatment
with respect to disease and individuals. Majority of chronic diseases require lifetime
medications and in many cases such as cancer and infectious diseases, resistance to drugs
is a common problem. Most of the diseases are multi-factorial involving complex interplay of

a network of genes and non-genetic environmental factors (Baffy and Loscalzo, 2014; Goh
et al., 2007). It is being realized that we need to evolve a systems’ based approach for
comprehensive understanding of biology and move towards a network approach in medicine
(Auffray et al., 2010; Auffray et al., 2009; Barabasi et al., 2011; Gibson and Visscher, 2013).
With the advent of genomics, drug discovery and development programme are also
integrating understanding of disease biology in target identification and also aspires to
identify responder populations (Beitelshees et al., 2015; Phillips et al., 2001; Suthram et al.,
2010). Some of the newer generation drug development efforts have also started to
incorporate genomic variation information from disease related extreme phenotypes(Harper
et al., 2015). For instance loss of function mutation in PCSK9 has been linked to lower LDLC levels (Harper et al., 2015). This has led to the development of multiple PCSK9 inhibitors
like evolocumab, alirocumab for management of hypercholesterolemia.
Ayurveda since centuries has been a source of natural or plant based medicine in many
drug discovery programs albeit for search of new chemical entities (Garodia et al., 2007;
Holland, 1994; Patwardhan, 2005; Patwardhan and Mashelkar, 2009; Singh et al., 2007). In
addition to drug molecules, systematic exploration of biological effect of herbs has also
provided some unique insights for example reserpine from the herb “Sarpagandha” has been
one of the most prominent drugs which led to the dissection of entire biology of
dopaminergic

pathways

and

facilitated

the

merger

of

neuro-chemistry

and

psychopharmacology (Jain and Murthy, 2009) . Efficacy and potential of Ayurvedic
medicines is also evident from many recent scientific publications for example study on
Aswhagandha (Withania somnifera) that lead to the discovery of a novel therapeutic strategy
for Alzheimer’s disease reversal (Sehgal et al., 2012).
Ayurveda, apart from the therapeutic potential also has a predictive, preventive and
personalized approach to health and management of disease which has been extensively
documented in original texts of Caraka and Sushruta Samhita (Sharma, 1981, 1999). This
potential has not been harnessed effectively in any drug discovery programmes.
The contemporary thinking of network medicine resonates with the concepts of “trisutra” that
deals with the translational aspects of Ayurveda (Prasher et al., 2008; Sethi et al., 2011).
This is achieved through integration of the three axes of cause (hetu), feature (linga) and
therapeutics (aushadha) for development and administration of drug in an individualized
manner(Prasher et al., 2015). The methods take into account baseline thresholds of an
individual, his/her perturbation from the baseline thresholds in disease and selection of an
appropriate drug that can restore homeostasis (Prasher et al., 2015).

Our group has

provided the first evidence of molecular and genome wide expression correlates of extreme

Prakriti types

using an Ayurgenomics approach(Prasher et al., 2008). We could also

demonstrate how stratification of individuals could help identify molecular axes like hypoxia
and hemostasis to be varying amongst healthy individuals that could modulate phenotypic
outcome in hypoxic conditions for example in asthma, high altitude pulmonary edema as well
as thrombosis (Aggarwal et al., 2015; Aggarwal et al., 2010b; Ahmad et al., 2012). The
hypoxia axis that is modulated by variation in EGLN1 in a Prakriti specific manner is a
prominent drug target in diseases where hypoxia is a cause or consequence (Haase, 2010;
Harten et al., 2010; Lee et al., 2008; Natarajan et al., 2006; Sen Banerjee et al., 2012; Soni,
2014). Therefore, inherent variability in this gene among individuals can determine
differential therapeutic outcomes. Evidence for molecular correlates of Prakriti has also been
independently reported in other studies (Bhushan et al., 2005; Govindaraj et al., 2015; Juyal
et al., 2012; Rotti et al., 2015).
These initial observations provided an impetus for the establishment of the TRISUTRA
(Translational Research and Innovative Science ThRough Ayurgenomics) consortium with
the primary objective of identification of disease genes and predictive markers that could
also augment drug discovery programs (www.trisutra.in). One of the primary activities of
the consortium is to integrate the trisutra principles of Ayurveda into contemporary practice
of preventive and personalized medicine and drug development programs. This requires the
development of a platform that could enable cross-talk between the contrasting disciplines
through a unified language. We report five aspects of the consortium initiative (1) analysis
of variability in FDA approved pharmacogenomics genes/SNPs in healthy individuals of
predominant Prakriti types through exome sequencing in a North Indian cohort (2)
establishment of a consortium network and development of five genetically homogeneous
cohorts from populations of diverse ethnic and geo-climatic backgrounds (3) development of
protocols for Prakriti evaluation and its application in more than 7500 individuals in the five
cohorts (4) identification of parameters and development of uniform standard protocols for
objective assessment of Prakriti types (5) Development of data and sample repository and
integrative omics pipelines for identification of genomic correlates.

2. Setting up an Interdisciplinary platform in the TRISUTRA Consortium :
Collaborative Research Networks
CSIR-TRISUTRA consortium is developed with an aim to provide scientific credence &
global acceptability to Ayurveda, new leads in genomics and molecular medicine and create
inter disciplinary expertise in Ayurgenomics. This is housed in the Institute of Genomics and
Integrative Biology (IGIB), a constituent laboratory of Council of Scientific and Industrial

Research (CSIR), as a hub with collaborative centres as nodes spread across the country.
CSIR-IGIB is involved in research in the areas of predictive medicine of common and
complex disorders through population, disease and functional genomics studies. It has
established a high-throughput OMICs, a next generation sequencing facility, computational
and system biology programs along with infrastructure for model systems such as yeast,
zebrafish, drosophila and mouse for follow-up of genetic leads and functional validation
studies. The major focus areas include neuro-psychiatric, respiratory, skin diseases and
metabolic disorders. The institute through CSIR led Indian Genome Variation Consortium
efforts has also provided the first comprehensive genetic map of the Indian population with a
focus for disease genetic studies (Consortium, 2008). Applicability of this data has been
realized in many disease genomics studies including Ayurgenomics (Aggarwal et al., 2015;
Aggarwal et al., 2010a; Gautam et al., 2015; Giri et al., 2014; Gupta et al., 2011; Jha et al.,
2012; Kanchan et al., 2015; Talwar et al., 2016). This provides a natural ecosystem for
CSIR-TRISUTRA Ayurgenomics research.
The TRISUTA Consortium (would be referred as TRISUTRA) includes an interdisciplinary
team of experts from Ayurveda, genomics, modern medicine, public healthy cohorts and
computational biology team with the national coordination and networking provided by CSIRIGIB (Table 1). In order for Prakriti based phenotypic stratification to be globally applicable
we felt the need to undertake studies in diverse ethnic and geographical populations. For
this purpose we have set up Ayurgenomics cohorts with collaborators. Further for validation
of these leads in disease cohorts we have established linkages with premier tertiary referral
centres of modern medicine institutes like All Indian Institute of Medical Sciences, Delhi and
National Institute of Mental Health, Bengaluru.
3. 1 Variability in pharmacogenomics markers amongst Prakriti groups
Although extensive variations at genetic level are reported in genes of pharmacogenomics
relevance such as phase I and II metabolizing enzymes, transporters and nuclear receptors,
only a limited set of variants have a reported association with drug response (Goldstein et
al., 2003). Amongst these variations a few are also approved by the US Food and Drug
Administration (US-FDA, http://www.fda.gov/Drugs). A recent study on 146 pharmacogenes
in the 1000 Genomes Project data (n = 1,092 individuals) and the Exome Sequencing
Project (ESP; n = 6,503 individuals) demonstrate that these clinically important genes are
highly variable and differ considerably between populations (Kozyra et al., 2016). The study
also highlighted potential priority genes for population-adjusted genetic profiling strategies
and the need to generate this baseline information from diverse populations. Despite this,
even within a population there is a substantial difference in drug response which indicates

the need for identification of subpopulation that would respond uniformly to specific
treatments.
We wanted to explore whether integrating Prakriti methods might allow identification of
subpopulations within genetically homogeneous groups that might have different therapeutic
response. An in-house exome sequence data from 72 individuals of extreme predominant
Prakriti types comprising 18 of each Vata, Pitta and Kapha with equal number of males and
females along with 18 individuals as background controls from the same ethnicity was
available. Briefly, exome enrichment of samples were carried out using TrueSeq Expanded
Exome enrichment protocols and sequencing was performed on HiSeq 2000 using TrueSeq
SBS and 100 bps

paired end chemistry. Variants were identified using GATK Unified

genotyper and annotated using SNPEff (v2.0.5) and Seatlle Seq Annotation 138 server.
Using Fisher’s exact test through PLINK (v 1.7) differentiating variants between two Prakriti
groups were identified and variants with a p-value < 0.05 in pair-wise comparisons were
considered as significant. In addition, permutation analysis was done by randomly shuffling
the Prakriti labels ~50,000 times per SNP. Those SNPs were retained whose p-values were
in the lower 5% distribution of p-values of the permuted set for each SNP.
From the list of differentiating SNPs (the details of which are being communicated
elsewhere) we looked at overlap of genes with the 47 genes that are US-FDA approved
pharmacogenomic biomarkers in drug labeling. These pharmacogenes have been
recommended by USFDA to be included in dosing strategies (Kitzmiller et al., 2011). We
identified 28 SNPs mapping to 11 genes that differ significantly between Prakriti types, with
some having reported associations. All the exonic variants are polymorphic in the 1000
genomes representative populations that include African (AFR), East Asians (EAS),
Americans (AM), Europeans (EU) and South Asians (SA). Amongst the South Asians there
are four populations from the Indian subcontinent that are also represented in the
Ayurgenomics cohorts (described below). These include Bengali from Bangladesh (BEB)
Punjabi from Lahore, Pakistan (PJL), Gujarati Indian from Houstan Texas (GIH) and Indian
Telegu in UK (ITU). Details of the genes that differ between the Prakriti, their function,
pharmacogenomics relevance and frequency amongst Prakriti types and in different
populations is provided in the Table 2a. As is evident most of the variations are reported in
genes that metabolize a large fraction of drugs such as CYP2C19 and CYP2B6, receptor
genes like ESR1, PGR, LDLR whose variability determine outcomes in different therapies or
important therapeutic targets such as CFTR, F2 etc (Table 2b).
In some cases, consequence of genetic differences in responsiveness resonates with
phenotypic attributes of Prakriti. For examples, Pitta Prakriti individuals are more prone to

bleeding and the frequency of the alternate allele for F2 variant that confers bleeding risk in
response to warfarin (Botton et al., 2011; Shikata et al., 2004) is significantly higher in Pitta
compared to Kapha as well as background population (Aggarwal et al., 2015; Prasher et al.,
2008). This indicates that there is a decreased dose requirement of warfarin in Pitta
individuals. We also observed a significant difference between Vata and Kapha Prakriti with
respect to CYP2C19. The Cyp2c19*2 allele which is linked to poor metabolizer activity has
significantly higher frequency in Vata compared to Kapha (Scott et al., 2013). This suggests
that in Vata individuals there might be an elevated risk due to under-dosing where the
substrate is a pro-drug such as tamoxifen, clopigogrel or toxicity and life threatening effects
due to reduced capacity to eliminate the drug such as anxiolytic sedatives (Li-Wan-Po et al.,
2010).
We also observed a non-synonymous exonic variation, rs1137101 A/G, (Gln223Arg) in the
LEPR gene that been reported to be associated with adverse effects of antipsychotic drugs
and anti- epileptic drug (valproic acid) in terms of bodyweight gain (Lee and Bishop, 2011; Li
et al., 2015) . The frequencies of the SNPs of LEPR gene is in the direction of risk to Kapha
and / or protection in Pitta for adiposity, CVD, and metabolic syndrome. This SNP also
demonstrates significant variability amongst the 1000 genomes population. Earlier, we have
reported significant genetic difference in another SNP rs1171271 of LEPR the leptin receptor
(LEPR) gene between the Prakriti types. (Aggarwal et al., 2015) (Figure1). This variation in
LEPR that differentiates between the Prakriti types has been linked with obesity, insulin
resistance, diabetes like traits and in a recent GWAS study also to levels of plasma soluble
leptin receptor (Sun et al., 2010).

We observed that the protective C allele of rs1171271

(LD with GWAS SNP) also contributes to within population differences where, Pitta has 27%
while IE and Kapha has 0% frequency of the protective CC genotype. Such signals do not
get highlighted when populations are not stratified by phenotypes and the SNPs assume an
average frequency of the background. This gene has also been identified as a potential
candidate under selection and displays significant differences in allele frequencies across
Indian as well as East Asian populations(Abecasis et al., 2012).

4. Phenome stratification using Prakriti and objective parameters
We have earlier developed a questionnaire for objective assessment of Prakriti on the basis
of Ayurveda descriptions(Prasher et al., 2008).

In this a consideration is given to a large

number of phenotypic attributes which include examination of anatomical features,
physiological attributes, mental and physical attributes and sensory perceptions(Prasher et
al., 2015). This involves visual examination as well as response to questions and clinical

history. The attributes that are visually examined also differ between ethnic and geographical
population, across age groups, gender and time of examination. These need to be taken into
account along with inter-observer variability during examination. For instance, a feature
such as height being tall, medium or short has to be contextualized taking the background
into account. Therefore, we evolved a two phase method of Prakriti evaluation. The first
dealt with clinical methods of Ayurveda through screening and detailed phenotyping
questionnaires and then measurement of phenotypic attributes through objective methods
(Table 3). The consideration for selection and development of these objective parameters
are detailed below.

4.1 Anatomical feature assessments through Anthropometry
Prakriti assessment considers various anatomical features related to body structure and
composition like size, shape symmetry, length & breadths as well bulk and quality of
musculature of different individual body parts (Table 3). In Ayurveda, anthropometric
measurements are described under Pramana Pariksha wherein the measurement of
different body parts like heights, breadths, circumferences and lengths are described in a
personalized manner in terms of his/her own finger (Swa Angula Pramana). These are
described to vary with respect to Prakriti, gender, age and ethnic background and are also
considered for assessing health and metabolic status (Sharma, 1981, 1999). However,
visual inspection can lead to subjectivity in assessment. In order to provide objectivity to this
aspect of Prakriti assessment more than 50 direct anthropometric parameters are measured.
These also provide several indices and ratios of body that reflect the overall proportionate
composition of an individual.

Several anthropometric parameters and indices are

contemporarily used to evaluate health and nutritional status, disease risk, and body
composition changes that occur over the adult life (Huxley et al., 2010; Kato et al., 2008;
Onat et al., 2004; Sagun et al., 2014). In addition to providing objectivity to Prakriti
assessment, this is also anticipated to provide normative values for different ethnic
populations, gender and geography. Standard protocols are followed for measurements and
three readings for each parameter are taken from the non-dominant side of the body (except
biceps girth) by well-trained field staff/ technicians under supervision of Ayurveda physicians.

4.2 Objective assessment of skin phenotypes

Prakriti types differ with respect to various skin features related to nature, texture, color and
appearance which is incorporated in detailed Prakriti assessment questionnaire. To give
objectivity to these observations in Prakriti we are using various known biophysical skin
parameters which map to different attributes in the skin as provided in Table 3. These
parameters are used by different research groups not only to measure inter-individual
variability in healthy across age, gender & body sites (Man et al., 2009) and environment
(Cravello and Ferri, 2008) but also disease conditions where these biophysical parameters
are altered e.g., eczema, psoriasis, atopic dermatitis, ichthyosis, DM type 1 & sleep disorder
etc (Blichmann and Serup, 1987; Gupta et al., 2008; Hon et al., 2008; Kim et al., 2002;
Mackiewicz-Wysocka et al., 2015; Oyetakin-White et al., 2015). In the present study, each of
these parameters are evaluated thrice at multiple sites viz. forehead, cheek, volar forearm,
palm, and abdomen as per standard protocol evolved at TRISUTRA. In order to rule out the
immediate effect of environment /pollution, one day prior to the skin test, subject is provided
specific instructions, like avoiding the use of any cosmetics and maintaining skin cleanliness
etc. Skin tests are carried out after acclimatization of the subject in an air-conditioned room
at a temperature of about 20–25°C and relative humidity of 40–45%, for at least 30 -45
minutes prior to test.

4.3 Assessment of vital capacity through spirometry
Spirometry is a routinely used lung function test (LFT) that measures individual’s inhalation
and

exhalation volumes of air as a function of time. Its results augment the diagnosis of

certain respiratory disorders (Vestbo et al., 2008). Spirometric indices (Table 1) are well
validated and can be easily interpreted by comparison with normal established values with
respect to age, gender, body size and ethnicity (Miller et al., 2005; Pellegrino, 2001). Since
Prakriti types differ with respect to overall physical strength, measurement of vital capacity
through spirometry could be considered as a surrogate to assess the variability in the
strength of an individual. Besides providing normative values for population this could also
reveal novel patterns in respiratory function with respect to Prakriti. Standard methods of
data acquisition are being followed. Each subject performs a minimum of three acceptable
tests. The data having difference between the best two FEV1 and FVC values less than or
equal to 150ml is considered acceptable for analysis.

4.4 Heart Rate Variability for study of physiological attributes

Autonomic nervous system innervates almost all body systems and its functional patterns
have been shown to be correlated with response to stress & adaptability (da Silva et al.,
2015; Sztajzel, 2004). Functioning of many systems like gut motility, respiratory patterns,
sleep quality and some of the psychological traits are also shown to be influenced by
autonomic balance of an individual (Aubert et al., 2003; Thayer et al., 1996; Tobaldini et al.,
2013; Tougas, 2000). Many of the features related to responsiveness to stress, metabolic
patterns, physical activity & fitness level as reflected in perspiration, bowel movements,
psychosocial behaviors such as anger, irritability etc are described to differ among different
Prakriti individuals. Additionally, the factors that are described to contribute to expression of
Prakriti features are also shown in literature to influence autonomic balance of individuals
such as age, body composition, ethnicity, geo-climatic conditions etc. (Antelmi et al., 2004;
Choi et al., 2006; Stein et al., 1997; Teisala et al., 2014). Heart rate variability (HRV), beatto-beat variation in either heart rate or the duration of the R–R interval – the heart period,
has become an important risk assessment tool (Billman, 2011). A reduced HRV is shown to
be associated with a poorer prognosis for a wide range of clinical conditions whereas, robust
periodic changes in R–R interval are often a hallmark of health. It is observed that subtle
functional change of health impairment or commencement of pathological changes is shown
by HRV which is usually not detected by clinical assessments (Seifert et al., 2014). We are
therefore using heart rate variability (HRV), as a window to autonomic functions among
individuals of different Prakriti types to check for any correlation. If the HRV pattern differ
amongst Prakriti groups, it may serve as a clinical marker of Prakriti enabling prediction of
pre-disease states.
Most commonly used analytical methods of HRV are Frequency domain (FD) and Time
domain (TD) analysis (Table 1). Standard protocols for data acquisition and quality check
are being followed. Once the subject is relaxed as inferred from GSR signal, the HRV test
period is started. The test consists of three phases, first 5 minutes in relax supine position
followed by 3 minutes tilted position (at 60 degree) achieved within 15 secs followed by resupine relax position for 5 mins. GSR and ECG recordings are taken for entire duration of 13
minutes. The analysis of the data is carried out using Kubios HRV software package.

4.5 Taste threshold assessment through Electrogustometry
Ayurveda texts have described six types of basic tastes (sweet, sour, salty, pungent, bitter
and astringent) with different Prakriti individuals having differences in taste preferences and
suitability. The Prakriti questionnaire also includes questions related to liking and suitability
for tastes and the associated memory. Sensitivity of gustatory system could be modulated by

a number of short term and long term factors such as body mass, gender, age, local and
systemic diseases, personal habits such as alcohol, smoking, drug dependence etc (Zverev,
2004). Inter- individual variability in taste perception thresholds have been shown to be
associated with food intake and further differential expression of taste receptor is relevant in
many patho-physiological conditions (Shah et al., 2009; Shin et al., 2011). Electrogustometry
is well established as a clinical tool for the estimation of taste detection thresholds (Stillman
et al., 2003). We have used electrogustometer in order to see if taste thresholds vary among
different Prakriti individuals. Electrogustometer (TR-06) is a device through which a stimulus
is provided in the form of electric current at different thresholds (-6 to 34 db) on six different
regions on tongue surface. The six regions were selected on the basis of distribution of
papillae on tongue. The current threshold of taste perception at which the subject feels the
stimulus is recorded.
The subjects are given specific instructions like proper cleaning of mouth in the morning &
maintain nil by mouth orally conditions one hour prior to the test. Other confounding factors
such as surgery, chronic cold, and tobacco chewing habits etc are also recorded for enabling
correct interpretation of data. Threshold of taste perception for each site is recorded twice
with a gap of 5 mins. In case the difference among the values is ±2db, data is acceptable.

5. Prakriti stratification of population in diverse cohorts of genetically homogeneous
populations
A detailed protocol has been developed for phenotyping individuals based on Prakriti
methods and development of a biological repository for downstream omics studies. Figure 2
provides a project overview illustrating the work-flow of the Ayurgenomics activities that are
being carried out.

5. 1 Population identification
Indian populations are extremely diverse with respect to ethnicity, geography and linguistic
lineages. The study of Indian Genome Variation Consortium project on populations of
contrasting ethnicity from different linguistic and geographical background revealed four
major genetic clusters(Consortium, 2008). The Prakriti study has been undertaken in five
populations that map to two broad genetic clusters from diverse ethnic and geographical
regions. This is being carried out to determine the relative prevalence of Prakriti types in
these populations as well as identification of common clinical and molecular correlates of

Prakriti.

Within the geographical location, large endogamous populations have been

identified.
5.2 Preparatory phase
This phase includes obtaining ethical clearance for the study at all the collaborative sites as
well as centrally at CSIR-IGIB for the overall project as per ICMR biomedical research
guidelines.

The infrastructure for subject recruitment, clinical phenotyping and sample

collection has been developed at all the field sites. Extensive training has been carried out
for project personnel with the standardized protocols developed at CSIR-TRISUTRA for (a)
subject recruitment, health assessment and obtaining informed consent (b) Prakriti
evaluation (c) detailed assessment of objective parameters. Besides, onsite trainings at
various field sites have also been imparted at regular intervals. A manual for Prakriti
evaluation has been prepared to ensure uniform method for Prakriti assessment at different
field sites.
5.3 Community engagement and subject recruitment
During this activity, community people for example health and social workers fluent in the
local language of the concerned populations are actively involved in the study. This is to
ensure maximal and authentic information and also to help the study volunteers understand
the purpose of carrying out such a study. It is ensured that the individuals are mostly
unrelated and both males and females are being collected in equal numbers in the age
group of 19 - 40 years. Since the study is embarked on healthy population, a health
assessment performa taking into consideration the methods described for same in Ayurveda
has been made. For effective participation in the project, extensive community engagement
efforts have been made involving local members. Various sites have evolved different
methods for recruitment for instance creating awareness of health and wellness through
lectures, free health check-up camps, and door-to door household visits. Once the subject
qualifies through the health assessment, he/she is recruited for the study following consent
of the volunteer to participate in the study. This is carried out following all the ethical
guidelines. During screening, oral saliva samples from the healthy volunteers is also
collected for DNA sample repository. Nearly 20,000 individuals from the five cohorts are
being screened. This comprise 10,000 volunteers from VADU and nearly 2000 from each of
the four other sites. The study also includes large multi-generational families as well as
elderly population from VADU who have been recruited to study heritability and effect of age
on Prakriti phenotypes. The study populations represent two major genetic clusters from five
different geographical locations that is population from Indo-European and Dravidian
background from northern, southern, eastern and western part of India. One of the

uniqueness of this study is that the subjects not only in each cohort are from a genetically
homogeneous population, but are stratified into different Prakriti groups which include the
extreme and most contrasting constitution types that represent only 10% of the population.
5.4 Prakriti screening
Prakriti assessment is being carried out in two phases. A screening phase which involves
administration of a short screening questionnaire that contains representative questions from
a detailed Prakriti questionnaire. A subset of subjects comprising of predominant Dosha as
well as mixed Dosha Prakriti identified from screening are evaluated in detail using a more
comprehensive questionnaire (Prasher et al., 2008). Cross-validation of Prakriti assessment
between Ayurveda clinicians is achieved during detailed evaluation of the screened subjects.
This also provides a background data for the observed frequency of Prakriti phenotypes in
the study populations.
Manifestation of Prakriti phenotypes is also dependent on age and gender. Therefore, we
carried out an analysis to assess the frequency of these phenotypes with respect to different
age groups across both the genders on 6000 individuals from five cohorts (Figure 3). Count
of different options for each questions (phenotypes such as graying/falling for scalp hair,
deep/ shallow in sleep quality) were taken and chi square tests of these counts with respect
to gender and age groups was performed. A significant p-value (cut off 0.05) was indicative
of a skewing of a particular phenotype in a given age group. Non-significant values indicated
equal distribution of options across age groups. For instance, a comparison of between age
groups of 19-30 and 31-40 in both males and females revealed no significant difference with
respect to certain parameters such as appetite regularity, food amount consumption, bowel
habit tendency, perspiration amount, weather tolerance, speaking style etc. There were
some parameters that significantly varied with respect to age across different geographical
locations. Some of them were obvious parameters such as skin appearance, scalp hair
changes, body bulk and musculature in females and scalp hair changes as well as body
structure and composition in males. Since all the parameters are crucial to Prakriti
assessment, the ones that vary, need to be normalized/weighted differently with respect to
age group and geography before attributing them to Prakriti. At the same time it would be
worthwhile to evolve objective measures for substantiating the visual assessment of such
phenotypes.
5.5 Detailed phenotypic assessment using Prakriti methods and objective parameters
A subset of subjects comprising of predominant Dosha identified from screening are
evaluated in detail. Nearly 2000 individuals are being recruited for detailed phenotyping

following an extensive protocol (Figure 1). Large numbers of parameters that can
individually provide objectivity to Prakriti assessment have been included in the study and
detailed objective phenotyping is carried out in the subjects that are selected after screening
(Table 1 and Figure 2). This takes approximately 5-6 hours and includes re-administration
of consent form, detailed Prakriti questionnaire as well as measurement of anthropometric
features, biophysical parameters of skin, heart rate variability (HRV), spirometry and
electrogustometry (EGM) (Table 1). One day prior to phenotyping, the subjects are provided
specific instructions to be followed with respect to diet and personal hygiene. The subject is
asked to relax, avoid food, beverages & drinks (tea, coffee) as well as smoking and alcohol
consumption before detailed phenotyping and sample collection. This is done to minimize
confounding observations during objective phenotyping as well as sample collection.
Recruitment of individuals with transient illness or medications are rescheduled.

All tests

are conducted in prescribed ambient temperature (22-25 degree C) and humidity. All the
equipments are calibrated and maintained as per standard protocol and based on
manufacturer’s recommendations.
6. Development of a biological sample repository
A bio-bank repository for storage of different biological samples that are being collected from
study volunteers is being developed along with the data repository of phenome stratification.
During Prakriti screening, saliva samples of all subjects are being collected. The peripheral
blood, stool and urine are collected for the subjects who undergo detailed phenotyping. The
saliva samples are processed for DNA isolation whereas peripheral blood is processed for
isolation of DNA, RNA, serum and plasma as well as blood cells. Additionally, DNA is also
isolated from stool and oral saliva for metagenomic analysis. Urine samples are dried and
stored on filter papers for assessment of metabolites. Uniform standard protocols have been
developed at CSIR-TRISUTRA and extensive training has been provided to all the lab
personnel involved in sample collection, processing and storage at each site. Each of the
field sites has been equipped with the molecular biology lab for processing of samples and
extraction of DNA, RNA etc.
A centralised system of sample storage and retrieval mechanism has been established in
CSIR-TRISUTRA. Samples collected and stored at sites are transferred to central repository
at regular intervals. A uniform labeling mechanism has been evolved for the multiple
samples types for each subject.

To maintain confidentiality of the personal information

linked to subjects, an additional round of anonymization of samples is done before
distribution of data for analysis and publication(Kaye et al., 2009).

One of the objectives of the project is to create a repository of EBV transformed B-cell
immortalized cell lines from peripheral blood samples of a subset of predominant Prakriti
subjects. A state of the art lymphoblastoid cell lines (LCL) facility has been established with
trained personnel and standardized SOPs. This would provide genetic material for
downstream validation studies.

7. Genomics and molecular analysis of individuals classified by their Prakriti types in
healthy and diseased states
7.1 Biochemical profiling
Over 60 biochemical tests that are used in routine diagnostics for measurements of health of
different systems are also being undertaken in Prakriti subjects. This include complete blood
cell counts, hematocrit, platelet functions, liver, renal, cardiovascular and pancreatic
functions,

iron

metabolism,

lipid

profiles,

thyroid

profiles,

calcium

metabolism,

immunoglobulins, stress markers, vitamin D, folate, homocysteine levels, apo-lipoproteins,
serum proteins, micronutrients etc. This would not only provide normative values in different
ethnic populations and geographical regions across genders but also allow us to identify preclinical thresholds in populations stratified by Prakriti.
7.2 Dissecting Phenome through OMICs
7.2.1 Establishing the genetic homogeneity of study populations
The current genomics platform technologies provide enormous opportunities to decipher the
phenotype to genotype links at multiple layers from genetic to metabolic (Table 4). In
TRISUTRA we are dissecting Prakriti at various omics levels which include: Genome-wide
variations in the form of SNPs, CNVs, epigenome (DNA methylation marks); transcriptome
(gene expression, transcript counting and differential expression); regulatome (miRNAs and
other small non-coding RNAs); metagenome (gut microbial community) and metabolome
(Urine metabolite profiles). A wide range of array based and sequencing technologies are
being employed to generate the multitude of data in a representative set of predominant
Prakriti types as well as subjects of mixed Prakriti. Prior to embarking on such large scale
omics studies, the genetic homogeneity of each cohort is established through analysis of ~
3000 neutral markers that are also represented in the IGVdb (igvbrowser.igib.res.in). This is
primarily to rule out issues of differences in Prakriti due to population stratification. The multiomics data would be used to compare and identify molecular signatures of Prakriti across
diverse populations. In a parallel effort, signatures of adaptation with respect to nearly 23

geo-climatic parameters have been identified in IGV and Ayurgenomics cohorts that would
enable correlation of Prakriti differentiating genetic variations with geo-climatic adaptation.
Validation of these signatures in health and disease cohorts might enable identification of
early actionable points for interventions and also guide stratification of subjects that might
have different therapeutic or disease management requirement.
7.3 Integrated data analysis and discovery of predictive markers
In addition to correlation of Prakriti with individual omics data, we are also carrying out
integrated analysis of the multi-scale and multi-dimensional phenomic and genomic data
(Cenik et al., 2015; Chen et al., 2012; Civelek and Lusis, 2014; Mitra et al., 2013). For
example the parameters range from gross anatomical features to electro-physiologic tests of
organ function, biochemical profiles of body fluids to the elucidation of genetic profiles using
DNA and RNA. We shall test our hypothesis of existence of latent variables in our data
which might correlate with Prakriti types in Ayurveda. The presence of latent variables would
be reflected in strong inter-correlations amongst the parameters. The breaking down of
some correlations in an extreme-phenotype might be an indicator of predisposition to a
particular disease. In the same manner, formation of strong correlations amongst
parameters might drive the physiology towards more deterministic outcomes, the presence
of which is usually associated with disease states. A particular advantage of this kind of
approach is in its potential for pre-clinical detection of disease and discovery of markers that
could drive development of better therapies. The markers could be phenotypic, genetic,
physiological, biochemical or even a combination of these. The most informative of these
markers can then be used as features to develop better classification criteria and even in the
development intelligent classifiers using machine learning approaches.
Different statistical and machine learning based methods are being adopted/developed to
carry out integrative analysis. The power of such integrative analysis has been shown in
systems immunology for identification and predicting viral vaccine response and also
adverse events(Kidd, 2016; Sobolev et al., 2016). The hope is if Prakriti can be correlated at
the molecular level to such system-wide differences, phenotypic assessment through this
method could become an affordable and non-invasive method that can be adopted in
stratified medicine (Sethi et al., 2011) .
7.4 Validation of leads in model system
The translation of genome-scale maps of genomic and epigenomic markers to clinically
relevant information would require functional validation of these leads. Such studies are
being

carried

out

in

model

systems

where

it

is

possible

to

study

the

physiological/phenotypic/cellular outcomes. Our programme would devote efforts to explore
the viable animal model for developmental and disease biology - mouse, zebrafish or
drosophila (Arends et al., 2016). In the functional genomics initiatives in the collaborating
labs at IGIB, many models of disease are already well established. The validation of Prakriti
leads is also being carried out through Dosha specific therapeutic interventions and in
Prakriti based LCL lines and PBMCs using well established protocols(Sie et al., 2009).
7.5 Development of data-analytic platform for Ayurgenomics
As evident from above, an immense amount of data is being generated in different activities
of the Ayurgenomics project (Figure 4). The data is not only large in size but also multidimensional as well as multi-scalar from various cohorts. This requires big data analytic
platform technologies for information processing (Auffray et al., 2016; Mardis, 2016; Marx,
2013). The database houses information on Prakriti screening, detailed clinical phenotyping,
sample processing, sample coding, physical storage, retrieval and large scale multi-omics
data. All these data in their raw format as well as processed state are stored. The various
computational aspects have been categorized into three broad

kinds of activities (1)

Development of methods and a relational database to gather and parse information that is
being continuously generated at the field sites which includes clinical phenotyping data and
bio-repository information (2) Data storage and server solutions for managing raw as well as
processed data from various omics platforms (3) Pipelines for data analysis including user
interface for integrative analysis. It is seamlessly connected with multiple layers of security,
check points as well as user accesses. Ayurgenomics analysis platform is being developed
on Apache Hadoop, Apache Hive and PostgreSQL technologies(O'Driscoll et al., 2013). It is
envisaged to enable users to query and retrieve information in a fast and efficient manner, to
analyze multi-omics data and also to enable researchers to unravel hidden relationship
among various data points.
7.6 Data Sharing and Attribution policy
In the TRISUTRA Ayurgenomics consortium many research areas in collaboration with
experts from diverse interdisciplinary fields have been undertaken. World over such
interdisciplinary and data driven approaches have evolved certain practices related to data
sharing and attribution efforts (Kaye et al., 2009). Appropriate credit sharing mechanisms
have been evolved to ensure that the collaborators enhance their expertise and research in
the area of developments of novel methods, algorithms, for joint or independent analysis. A
set of guidelines have been mutually evolved among all the participants. The roles and
responsibilities, authorship and attribution in projects and publications have been addressed
and clearly defined for all the ongoing projects (Box). The centralized repository of sample,

data and protocols generated in consortium-wide endeavors is being housed and maintained
in TRISUTRA with infinite access to all the collaborators for conducting the analysis towards
fulfilling the objective of consortium. A prior consent or formal agreement with TRISUTRA
would be required for any new scientific collaboration that involves the use of the resource of
TRISUTRA. As the new dimensions of research would get added, members of TRISUTRA
community are likely to increase and their names would be included as they become part of
the TRISUTRA consortium. The leads from the Ayurgenomics data would be made publically
available through scientific publications, popular articles and an Ayurgenomics browser. The
discoveries arising out of the TRISUTRA research activities will be IPR protected and for
their translational / wide spread use, partnership with relevant stakeholders would be
undertaken.

Conclusion
It is envisaged that the leads from TRISUTRA would be useful in diverse aspects of health
and disease management in common and complex disorders. It is anticipated that there
would be several translational leads which would be attractive to health and nutrition
industry. For example, identification of molecular correlates of Prakriti would be important in
development of predictive and prognostic markers of disease as well as therapeutic
response. The clinical markers could be important for development of formulations that
target different Prakriti subtypes. Additionally, identification of molecular markers that could
correlate with the outcome of Ayurveda therapeutic interventions including panchkarma,
would increase the acceptability and outreach for such treatments. Research in this area
could also complement drug target identification and preclinical trials. If we are successful in
providing molecular evidence that different Prakriti have different baseline thresholds it
would enable development of affordable health care solution through early screening in
community health programmes for early interventions.
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Figure Legends
Figure 1: An illustration depicting the potential of finding

risk/protective alleles in extreme

“Dosha Prakriti” types: The frequency of the protective allele G/C of rs1171271 in LEPR
gene that has been associated with high plasma leptin receptor levels is represented in (A)
diverse IGV populations (B) Prakriti types from Indo-European population of North India and
(C) 1000 Genomes populations. This SNP is highly differentiated in populations with the
minor allele flipped in East Asian populations of 1000 Genomes and its related populations
in India. The protective allele is significantly higher in Pitta compared to Kapha Prakriti and
also the homozygous genotype of protective allele is completely absent in Kapha as well as
in the Indo-European background population. Noteworthy, these differences get highlighted
even in a small sample set of 100 individuals of extreme Prakriti phenotypes which comprise
10% the population

Figure 2. Ayurgenomics project overview: Flow diagram of the various aspects of clinical
phenotyping and biological sample processing that have been undertaken in the five cohorts.
Study cohorts have been identified from five geographical locations where through
community engagements healthy individuals are recruited for Ayurgenomics studies. Health
assessment is carried out prior to screening of Prakriti using a short questionnaire after
taking consent from the subject for participation in the study. During screening, oral saliva is
collected for DNA isolation. After a preliminary Prakriti analysis, a subset of predominant as
well as mixed Prakriti individuals is recalled for detailed clinical phenotyping and sample
collection.

Besides detailed Prakriti evaluations, objective assessment of different

anatomical parts and systems is carried out (Table 1). Peripheral blood, stool and urine
samples are collected and processed for downstream biochemical, molecular, omics
analysis. The leads are validated in model systems. All the activities are carried out after
ethical clearance at sites and at CSIR-IGIB following ICMR guidelines for biomedical
research.
Figure 3: Phenotypic Spectrum from Ayurgenomics cohorts for different parameters
assessed during Prakriti screening : A Chi square test has been carried to infer
differences in the distribution of options in each parameter during administration of short
Prakriti screening questionnaire in (A) Males (B) Females, between age groups of 19-30
and 31-40. The p-values (cutoff threshold p<0.05) of the tests have been plotted. Points
below the black horizontal line represent the parameters that do not show any significant
difference. Different plots refer to cohorts from diverse locations. This exercise has been
carried out to assess uniformity as well as region specific differences across all cohorts. It
highlights that some parameters need to be assessed keeping gender, age and geography
in context during Prakriti evaluations as well as the need for evolving objective measures for
assessment for few attributes.
Figure 4: Data analytics platform for Ayurgenomics: A comprehensive overview of the
diverse spectrum of activities towards which storage solutions, databases, analysis pipelines
as well as user interfaces have been developed. A centralized repository for housing data
related to clinical phenotyping, samples biobank, raw and processed Omics data as well as
a user interface for analysis and visualization has been developed.

Table 1: TRISUTRA Collaborating Network highlighting the interdisciplinary expertise and activities that
have been undertaken with each partners.
Discipline

Collaborating Centres

Outreach/Expertise

Activities

Ayurveda

Modern
Medicine

 JB Roy Medical College and
Hospital, Kolkata, West Bengal
(Eastern India)
 Institute of Postgraduate Training
and Research in Ayurveda,
Jamnagar, Gujarat (Western India)
 Choudhary Brahm Prakash
Ayurveda Charak Sansthan,
Najafgarh, Delhi (Northern India)
 KLE University’s BMK Ayurveda
Mahavidyalaya, Belgaum,
Karnataka (Southern India)
 All India Institute of Medical
Sciences, New Delhi

Public
Health

 KEMHRC-Vadu, Pune, Maharashtra

Genomics

 Ganit Labs, Institute of
Bioinformatics and Applied
Biotechnology, Bengaluru,
Karnataka
 Maharshi Dayanand University,
Rohtak, Haryana
 National Centre for Biological
Sciences, Bengaluru, Karnataka

Cell Biology

 Indian Institute of Technology
Mandi, Himachal Pradesh
 Indian Statistical Institute, Kolkata,
West Bengal
 Georgia Institute of Technology,
Atlanta, GA, USA

Data
Analytics

 Education and research Institution of
Ayurveda
 Outreach in geographically and
ethnically diverse populations
 Clinical Resources for common and
complex diseases such as obesity,
diabetes, asthma, COPD, skin
diseases like psoriasis,
neurodegenerative disease etc.
 Clinical set up for unique Ayurvedic
treatments like panchkarma, leech
therapy.
 Premier Tertiary referral centre with
clinical outreach in wide spectrum of
disorders related to
neurodegenerative and metabolic
conditions
 Public health cohort set up for
prospective studies
 KEMHRC-VADU houses an
independent Health and
Demographic Surveillance System
(HDSS) with the objective of creating
a database for longitudinal studies.
 Epigenomics

 Microbial community studies and
Functional Metagenomics
 State of art facility for conducting
studies on LCLs and stem cell biology
 Metagenomic Analysis
 Genetic Analysis of multifactorial
traits and multivariate phenotypes
 Population and Integrative Genomics

 Establishment of
Ayurgenomics cohorts
Stratification of healthy and
diseased individuals
 Ayurveda interventions

 Stratification of diseased
individuals undergoing
modern medicine treatment
through Ayurgenomics
 Establishment of cohort for
longitudinal follow up studies
 Heritability of Prakriti

 Involvement of epigenetics
 Microbiome in health,
disease and Ayurveda
interventions
 Development of LCL
repository of subjects from
Ayurgenomics cohorts for
functional studies
 Development of methods
and analysis of multi-omics
data
 Integrative analysis

Table 2a Patterns of distribution of differentiating SNPs associated with FDA approved pharmacogenomics
markers identified through exome sequencing analysis of predominant Prakriti individuals. Frequency of
the alternate allele in different Prakriti groups as well as the 1000 genomes population is provided.
*Differences in LEPR (not present in FDA panel) amongst Prakriti has been reported earlier. Exome
sequencing has provided variation information on this gene which is linked to drug response. This is
included to highlight the merit of Ayurgenomics for identification of new genes to the panel of
pharmacogenomics testing.
Sl.
No
.

1

2

3

Gene
(class)

CFTR

CPS1

CYP2B6

SNP/
Function
rs1042180
(3' UTR
variant)
rs1800136
(Gln1382Gl
n)
rs3770683
(intronic
variant)
rs3770684
(intronic
variant)
rs2279343
(CYP2B6*4,
*6, *7,
*13, *16,
*19, *20,

Ref
Allel
e

Alternat
e Allele

Background_freq_poo
led

V_fre
q

P_fre
q

K_fre
q

Fischers_P_Val
ue

EAS

AFR

EUR

SAS

C

T

0.37

0.06

0.17
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0.03

0.02

0.25

0.25

0.23

G

A

0.35

0.06

0.17

0.33

0.01

0.01

0.25

0.25
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G

C
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0.03
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0.03
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0.02

0.11
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A

C
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0.27
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0.00
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0.02

0.11

0.16

A

G

0.35

0.32

0.41

0.15

0.03

0.18 (Asian)

0.45 (YRI)

0.21 (CEU)

NA

*26, *34,
*36, *37,
*38;
Lys262Arg)

4

CYP2C19

5

ESR1

6

F2

7

8

9

HLA-B
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HLADRB1

10

LDLR

11

PGR

12
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rs3758580
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m variant)
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variant)
rs523535
(3' UTR
variant)
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rs1137101

C

T

0.24

0.56

0.44

0.28

0.03

0.31

0.17

0.15

0.36

T

C

0.55

0.64

0.36

0.53

0.03

0.38

0.52

0.44

0.51

C

T

0.35

0.22

0.33

0.08

0.02

0.60

0.01

0.12

0.17

C

G

0.40

0.28

0.19

0.44

0.04

0.25

0.12

0.31

0.27

C

T

0.50

0.53

0.75

0.47

0.03

0.57

0.66

0.39

0.55

C

G

0.58

0.56

0.78

0.47

0.01

0.63

0.69

0.45

0.56

C

T

0.45

0.32

0.22

0.53

0.01

NA

0.19 (YRI)

0.38 (CEU)

NA

G

T

0.40

0.28

0.18

0.47

0.02

0.40

0.40

0.49

0.32

G

T

0.40

0.28

0.18

0.47

0.02

0.40

0.40

0.49

0.32

G=0.19(Asia
n)

G= 0.45
(YRI)

G= 0.21
(CEU)

NA

G

C

0.43

0.28

0.22

0.47

0.04

G

C

0.43

0.32

0.22

0.50

0.02

NA

0.34 (YRI)

NA

NA

G

C

0.40

0.32

0.17

0.44

0.02

0.0913,0.27
08

0.0764,0.27
16

0.0507,0.40
16

0.047,0.22
49

C

A

0.03

0.00

0.06

0.18

0.02

NA

0.50 (YRI)

NA

NA

C

T

0.26

0.32

0.14

0.41

0.02

0.27

0.27

0.4

0.22

A

G

0.17

0.09

0.00

0.15

0.04

0.41

0.38

0.47

0.35

C

T

0.17

0.13

0.00

0.15

0.04

0.24

0.15

0.28

0.23

G

C

0.17

0.13

0.00

0.15

0.04

0.38

0.36

0.45

0.34

G

T

0.12

0.16

0.00

0.21

0.01

0.24

0.16

0.28

0.23

C

T

0.12

0.16

0.00

0.23

0.01

0.37

0.36

0.45

0.34

A

T

0.15

0.22

0.03

0.14

0.03

NA

NA

NA

NA

A

C

0.31

0.36

0.19

0.46

0.03

NA

NA

NA

NA

T

C

0.82

0.87

0.54

0.83

0.01

0.77

0.70

0.88

0.83

A

G

0.21

0.17

0.18

0.44

0.03

0.01

0.04

0.32

0.20

C
A

T
G

0.13
0.47

0.28
0.59

0.46
0.37

0.12
0.72

5.88E-07
0.006

0.82
0.13

0.19
0.41

0.28
0.53

0.16
0.50

Table 2b Effect of variability in differentiating genes/SNPs from FDA panel with respect to different drugs
highlighting the potential of Ayurgenomics in stratification of individuals with different therapeutic
requirements

Sl.
No.

Gene
(class)

Drug substrate
/activity

PGx relevance of gene

Consequence of variant wrt PGx relevance

1

CFTR

1) Anti-hyperglycemicGlyburide,
2) Cystic fibrosis drugIvacaftor,
3) Diuretic- Bumetanide

No pharmacogenomic significance of these variants have been reported.
1)Glibenclamide is an open channel blocker of CFTR. 2) other polymorphims
have been seen to affect the chloride ion channel functioning which leads to
dysregulation of epithelial fluid transport (Clancy et al., 2014). 3) diuretics
are open channel blockers of CFTR with distinct kinetics.

2

CPS1

Anti-epileptic- Valproic
Acid

3

CYP2B6

1) Anti-depressant/ smoke
cessation aid- bubropion

CFTR protein is a chloride channel present at
the surface of epithelial cells in multiple
organs.
1) Anionic form of glyburide inhibits CFTR-Cl
channels.
2) Ivacaftor facilitates increased chloride
transport by potentiating the channel-open
probability of the G551D-CFTR protein.
3) Diuretic like bumetamide inhibit CFTR- Cl ion
channels.
The CPS1 encodes a mitochondrial enzyme
that catalyzes the conversion of ammonia to
urea in the liver. CPS1 gene expression can be
altered by epigenetic mechanisms. Therefore
valproic acid may influence CPS1 transcription
and thus ammonia metabolism.
Hydroxybupropion contributes to the
pharmacologic effects of bupropion for
smoking cessation. And bupropion is
metabolised into hydroxybupropion by
CYP2B6.
The major route of efavirenz metabolism to 8hydroxyefavirenz is predominately by CYP2B6.
the secondary metabolite 8,14-dihydroxyefavirenz is also mediated by CYP2B6.
Methadone is metabolized primarily by
CYP2B6 enzyme.
Hepatic bioactivation of clopidogrel.
Aspirin induces the activity of CYP2C19.
Also involved in pharmacodynamics of aspirin.
Pharmacokinetic interaction with labetalol.

2) Anti-retroviralefavirenz

4

CYP2C19

3) Opioid dependence (Smethadone)
1)Anti-platelet
clopidogrel, aspirin ,
labetalol (α/ß adrenergic
antagonist)
2) Anti-convulsants/ Antiepileptic
clobazam,
mephenytoin
3) Anti- depressant
1) TCA- trimipramine,
clomipramine,
amitriptyline
2) SSRI- escitalopram,
sertraline
3) SNRI- venlafaxine
4) Proton pump inhibitor
Pantoprazole,
esomeprazole,
rabeprazole,
lansoprazole
Anti-cancer (Non-steroidal
aromatase inhibitor)anastrozole, letrozole

5

ESR1

6

F2

Anti-coagulant-warfarin

7

HLA-B

1) Anti-epilepticCarbamazepine,
Phenytoin, Acetazolamide
2) Anti-retroviral-Abacavir,
ribavirin
3) Xanthine oxidase
inhibitor(Uric acid
lowering)- Allopurinol

8

HLADQA1

9

HLA-DRB1

1) Anti-caner
(immunosuppressive
antimetabolite)Azathioprine,
Mercaptopurine
2) multiple sclerosis
therapy- Interferon beta1a & 1b
1 ) Anti-Cancer- Lapatinib
2) Antibiotic- Amoxicillin,
Clavulanate
3) Anti-retroviral Abacavir
4) xanthine oxidase
inhibitor (Uric acid
lowering)- Allopurinol

demethylation of clobazam, the first step in
the metabolism.
metabolises mephenytoin
1) The first route of hepatic first pass
metabolism is carried out by CYP2C19. Its
activity is associated with the N-demethylation
into desmethyl metabolite of TCA.
2) CYP2C19 catalyses the demethylation
3) desmethylvenlafaxine, the primary
metabolite, is converted to
didesmethylvenlafaxine, the minor metabolite
CYP2C19 metabolises the drug into its
desmethyl- metabolite and also catalyzes the
secondary conversion into the 5 hydroxy
metabolite.
the drug inhibits the aromatase activity which
is responsible for converting androgens to
estrogens. Thus inhibit the binding to estrogen
receptors (ESR1 and ESR2), which lowers the
expression of genes responsible for cell
proliferation in breast tissue
Warfarin Pharmacodynamics Pathway depicts
interference of vitamin K epoxide reductase
and the downstream genes whose products,
are postranslationally carboxylated to become
Gla-containing proteins. These proteins are
involved in hemostasis with the help of
coagulation factors like F2, F7, F9, F10.
1) HLA-B induces the cytotoxic T-lymphocyte
activation in patients treated with
carbamazepine/ phenytoin, thereby increasing
the risk of SJS/TEN
2) HLA-B presents
peptides to immune cells and is imp. in
immune recognition of pathogens.
Polymorphism in HLA-B increases risk of a
hypersensitivity reaction with abacavir.
3)Allupurinol induces drug hypersensitivity on
interaction with HLA-B proteins.
1) mercatopurine interaction with HLA-DQA1
variation makes the individuals risk of
pancreatitis
2) b-interferon (IFN-b) affects the expression of
cell surface molecules and cytokine levels and
can contribute significantly to alter the
therapeutic responses, making them
susceptible to MS.
1) HLA-DRB1 variants are predictor of
increased risk of lapatinib-induced liver injury
2) variants in this gene increases the risk of
liver injury in patients.
3) Abacavir interaction with HLA-DRB1 gene
induces hypersensitivity
4) Allopurinol induces hypersensitivity

No pharmacological significance has been studied with these variants. Other
variant has been associated with increased risk of hyperammonemia when
receiving combined treatment of valproic acid and other antiepileptics in
people with epilepsy also increasing the susceptibility to persistent pulmonary
hypertension, and susceptibility to venoocclusive disease after bone marrow
transplantation (http://www.genecards.org/cgi-bin/carddisp.pl?gene=CPS1)
Genotype AA is associated with increased response to bupropion in people
with Tobacco Use Disorder (Tomaz et al., 2015). Lower dose of the drug
should be recommended for AA genotype individuals

Genotype GG is associated with decreased metabolism, increased serum
concentration and also decreased clearance of efavirenz in people with HIV
Infections(Swart et al., 2015).
rs2279343 represents higher allele freq. for high level S-methadone plasma
level group suggesting decreased enzyme activity(Levran et al., 2013).
Loss-of-function variant CYP2C19 *2/*2 (poor metabolizer phenotype) is
associated with decreased antiplatelet response and reduced clopidogrel
active metabolite formation when exposed to clopidogrel in healthy
individuals . Low dose of clopidogrel should be administered to PM
phenotype individuals (Horenstein et al., 2014).
CYP2C19 *2/*2 is associated with decreased metabolism of the drug(s)
resulting in increased response in healthy individuals (Seo et al., 2008).Low
dose should be administered.
CYP2C19 *2/*2 (poor metaboliser phenotype) has been studied with
decreased metabolism of the drug resulting into increased serum
concentration. Poor metabolizers of CYP2C19 had a reduced clearance rate in
healthy individuals. PM individuals should be administered lower dose of drug
(Hicks et al., 2013).

Wild type vs CYP2C19*2 allele shows differences in acid inhibition and
pharmacokinetics. hence it is associated with increased response to the drug.
Low dose recommended (Hunfeld et al., 2010).

Allele T is not associated with risk of musculoskeletal pain when exposed to
anastrozole and letrozole in women with early stage breast cancer. A
significant increased susceptibility to hepatitis B virus-related liver cirrhosis
has also been observed in individuals with this SNP (Yan et al., 2011).

Warfarin has a narrow therapeutic window and wide inter-individual
variability making dosing problematic. Under-anticoagulation can result in
thrombosis and prophylaxis. over-anticoagulation can result in dangerous
bleeding episodes. Dosing determination is a mandate. Genotypes CT + TT are
associated with decreased warfarin dose when treated with warfarin (Botton
et al., 2011; Shikata et al., 2004).
1)Individuals with at least one copy of the HLA-B*15:02 allele is not
recommended carbamazepine, due to significantly increased risk of
phenytoin-induced cutaneous adverse reactions of Stevens-Johnson
syndrome (SJS) and toxic epidermal necrolysis (TEN) (Man et al., 2007).
Additionally, patients with the CYP2C9 poor metabolizer phenotype may
require reduced doses of phenytoin.2)HLA-B*57:01-positive, abacavir is not
recommended. 3)Allopurinol is contraindicated in individuals with the HLAB*58:01-positive shows significantly increased risk of allopurinol-induced
SCAR. HLA-B*58:01-positive individuals should be prescribed an alternative
drug to allopurinol. No pharmacological effect of these polymorphisms have
been reported.
Polymorphisms in this gene has been studied with development of
hepatotoxicity on anti-tuberculosis treatment. lumiracoxib-related liver injury,
pancreatitis induced by thiopurine immunosuppressants, risk of lapatinibinduced hepatotoxicity in women with advanced breast cancer(Spraggs et al.,
2011). All these studies discusses toxicity of therapies/drugs. however no
significant PGx (efficacy or dosage related) interaction has been observed for
the mentioned SNPs. No pharmacological effect of these polymorphisms have
been reported.
1) No Pharmacogenomic significance has been reported for this variant. Other
HLA-DRB1 variant is a predictor of increased risk of lapatinib-induced liver
injury.
3) Hypersensitivity to abacavir, positively associated with glatiramer acetate
treatment response in Russian multiple sclerosis patients, risk allele in
antiepileptic-drug induced Stevens-Johnson syndrome in Han Chinese.
4) Allopurinol-Induced Hypersensitivity in Hematologic Malignancy, severe
cutaneous adverse reactions caused by allopurinol, and many other toxiticity
related response has been studied associated with this gene. No
pharmacological effect of these polymorphisms have been reported.
1) No Pharmacogenomic significance has been reported for this variant. Other
HLA-DRB1 variant is a predictor of increased risk of lapatinib-induced liver
injury.
3) Strong association between abacavir hypersensitivity and other HLA
variants (HLA-B*5701, HLA-DR7, and HLA-DQ3) can be used as a predictive
test (Mallal et al., 2002).
4) Allopurinol-Induced Hypersensitivity in Hematologic Malignancy, severe

10

LDLR

11

PGR

Lipid lowering statin Atorvastatin , Pravastatin ,
Rosuvastatin,
Simvastatin
Synthetic progestational
hormone- Levonorgestrel,
Progesterone,
Mifepristone,
Dydrogesterone,
Drospirenone

The drugs inhibits the LDLR gene to lower the
plasma cholesterol level

The drugs are agonists of PGR gene. They bind
to the PGR receptor to reduce the
progesterone concentration required for
gestation

cutaneous adverse reactions caused by allopurinol, and many other toxiticity
related response has been studied associated with this gene. No
pharmacological effect of these polymorphisms have been reported.
No pharmacogenomic significance of this variant have been reported. This
has been seen to be in LD with rs2738464, a SNP associated with plasma lipid
profiles indicative of higher cardiovascular risk (Muallem et al., 2007).
No pharmacogenomic significance of this variant have been reported.

Table 3: Objective measure vis-à-vis Prakriti evaluation parameters that are being undertaken in
Ayurgenomcis studies
Sl
No
1

Prakriti related
measurable
phenotypes
Size,
shape and
symmetry
through
Anthropometry

Phenotypic features

Overall body frame
as well as individual
body parts :
head, face, shoulder,
upper limb, lower limb,
chest, waist, hip,
palm and foot

Parameters (N)

Instruments used

Height, weight, span (3)

Anthropometric rod,
Anthropometric Tape,
Spreading & Sliding
calipers and
Harpenden skin-fold
caliper

Measurements of individual parts:
 Lengths (20)
 Breadths (11)
 Widths (5)
 Girth & Circumference (8)
 Skin fold (6)

2

Attributes
of skin
through
measurements
of biophysical
properties

3

Autonomic
nervous system
functions
through
Heart rate
variability

4

Lung
Function
Test
through
Spirometry

Skin color, texture,
nature and types
from 3-5 regions
representing
different levels
of exposure to
environment

Autonomic nervous
system measures
that correlate with
metabolic and
physical activity
and response to
stress : reflected in
perspiration,
bowel movements,
psychosocial behavior
such as anger,
irritability etc
Vital capacity
as a surrogate
of physical strength

Indices derived from above measures for
assessment of shape, symmetry etc (25)
 Sebum content of the skin

Sebumeter

 Melanin index (pigmentation)/ erythema
index (redness)

Mexameter

 Skin pH
 Skin elasticity / Firmness

Skin-pH-Meter
Cutometer

 Roughness and gloss of skin

Skin Gloss Meter

 Trans-epidermal water loss (TEWL)

Vapometer

 Hydration of the stratum corneum.

Moisture meter SC

 Water content in the skin and
subcutaneous tissue

Moisture meter D

 Galvanic skin resistance (GSR)
 Electrocardiogram (ECG)
 Time domain: Mean RR, Mean HR,
STDHR, SDNN, RMSSD, NN50, pNN50,
RRTri, TINN
 Frequency domain :
Very Low Frequency(VLF),
Low Frequency(LF),
High Frequency(HF)
 Total Power : Sympathovagal ratio
(LF/HF)
 Forced Vital capacity (FVC)
 Forced expired volume in the first second
(FEV1)
 FEV1/FVC ratio
 Average flow during the middle half of

(Courage-Khazaka &
Delfin)
MP150 Data Acquisition
System : Three
channels GSR, ECG, PPG
(BIOPAC)

Spirometer (NDD
easyone)

5

Taste
transduction
through electrogustometry

Taste perception:
taste sensitivity in
six different regions
of the tongue

the FVC (FEF 25-75%)
 Peak expiratory flow rate (PEFR)
Taste threshold in response to electric
pulse ranging from -6 to 34 db for a
duration of 1.5 secs

TR-06 RION
Electrogustometer
(Sensonics)

Table 4: Omics methods and platforms for Ayurgenomics studies
Experiment

Aim of study / Objectives

Whole Genome
Genotyping

Prakriti associated variations,
functional variants, Reference
background

Genomics

Metagenomics

Array/Sequencing

SNPs, Indels, Copy
Number Variants

Affymetrix Genomewide Human SNP 6.0,
Illumina Omni express
/HiSeq2000 (Illumina)

Whole Exome and
genome Sequencing

High impact Common and Rare
variants from exonic, 3'UTR
and 5'UTR , Reference
background

Whole Genome
Genotyping

DNA methylation marks in
candidate regions

450,000 5mC
methylation sites
in genome

Infinium HM-450
(Illumina)

Whole-Genome
Bisulfite sequencing

5-methylcytosine's role in
gene regulation of gene
expression and chromatin
modeling

Single nucleotide
resolution 5mC
sites in human
genome

HiSeq2000 (Illumina)

Expression profiling

Differentially expressed genes

Differentially
expressed probes

Illumina HT-12

Strand specific total
RNA Sequencing

Differentially spliced genes,
eQTLs, Co-expression modules
in Prakriti type

Transcript level
information, long
non-coding RNAs,
small RNAs

HiSeq2000 (Illumina)

Epigenomics

Transcriptomics

Read out

Small RNA
Sequencing

miRNA and other small noncoding regulatory RNAs

Microbial
Community
sequencing

Community abundance within
gut samples

16S-based count,
long reads

FLX+ (Roche)/ MiSeq
(Illumina)

Metagenome/
Meta-transcriptome

Species level sequence and
variation /expression

Whole bacterial
genome/
transcriptome

MiSeq/HiSeq2000
(Illumina)
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Effect of Ayurveda Medications (Kasīsa Bhasma and Dhātrī Avaleha) on
Iron Deficiency Anaemia: A Randomized Controlled Study
Abstract

Background: This paper explores the role that Ayurveda can play in the management of
Iron Deficiency Anaemia, a major nutritional deficiency disorder affecting people across the
globe. Methodology: Forty (40) patients suffering from Iron deficiency anaemia as per WHO
guidelines, between the age group of 20 to 60 yrs of either sex participated in the study. Study
was a randomized, controlled, open label clinical study. Patients were randomly divided into two
groups: Group D (n = 20) received Dhātrī avaleha 10 g twice a day after food. Group K (n = 20)
received capsules Kasīsa bhasma 125 mg thrice a day. Both interventions were administered for
30 days and the subjects were followed up for next 30 days with placebo capsules to assess the
sustainability of the effects. Assessments were done at baseline, 30th and 60th days. Primary
outcome measure was hemoglobin estimation (Hb) and secondary outcome measures were the other
hematological parameters such as Red blood cell (RBC) indices, total RBC count, Packed Cell
volume (PCV) and Peripheral Blood smear study. Results: Both interventions produced significant
improvements (P < 0.001). Kasīsa bhasma was better compared to dhātrī avaleha in terms of
primary (P < 0.0001) and secondary outcomes. Comparison of outcomes from base line – 30th day,
base line – 60th day and 30th – 60th day showed significant (P < 0.0001) improvement in both the
groups in parameters such as haemoglobin, MCV and MCH. Hence improvements sustained during
placebo intervened sustainability period also. Conclusions: Study effectively shows that Kasīsa
bhasma is better then Dhātrī avaleha. Improvements by both interventions were sustained even
during the sustainability period.
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Introduction
Anaemia is a major global public health
problem with consequences on human
health, social and economical development.
Anaemia can be caused due to multiple
factors but one of the major factors is
nutritional deficiency. IDA is the most
significant contributor of all anaemias
and hence IDA and anaemia are often
used synonymously. Around 30–52% of
nonindustrialized population has anaemia in
general and iron deficiency in particular.[1]
Iron deficiency and IDA were considered
as one among the top 10 risks globally and
regionally,[2] contributing to the 14th leading
cause of disease burden in the world global
burden of diseases.[3] IDA causes 8.4 lakh
deaths and 35 million cases of disability
adjusted life years (DALYs).[4]
In India, surveys have shown high
prevalence
of
anaemia.[5]
Anaemia
prevalence was 56.2 percent in women
This is an open access article distributed under the terms of the
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of 15–49 yrs of age, 79.2 percent among
children aged 6‑35 months, 57.9 percent in
pregnant women and 24.3 percent in men
aged 15‑49 yr. Sex prevalence shows that
55% of women and 25% of men suffer from
anaemia.[6] It has been estimated that iron
deficiency costs India about 5 percent of its
gross national product (GNP) annually from
loss of lives, resources and productivity.[7]
The main reasons for IDA have been
determined to be inadequate intake of
iron, low bioavailability of dietary iron
from plant foods due to inhibitory factors,
low levels of absorption enhancers in
the diet, repeated pregnancies, increased
needs during growth and development
among children and adolescents, parasitic
infestations and chronic blood loss.
Poverty compounds these factors through
inadequate access to dietary diversity, safe
water, knowledge about safe food handling
and proper feeding practices.[8]
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Anaemia and iron deficiency is known to have several
functional consequences. IDA adversely effects cognitive
performance, behavior, physical growth in children. IDA
during pregnancy increases the perinatal risks of mother
and infant. Overall increase in infant mortality, decreased
functioning of immune system, reduced work capacity and
productivity, endocrine and neurotransmitter abnormality
associated with triiodothyronine, thyroid function general,
production and metabolism of catecholamines. increased
risk of heavy metal absorption.[9]

Patients attending outpatient department of the institute
were recruited for the study. The CONSORT statement
guidelines has been followed in reporting the outcomes of
the study.[15]

Preventive strategies are through food based approaches
that cause multi nutritional benefit. Foods rich in iron
such as meat, organs of cattle, fish, poultry, legumes and
green leafy vegetables are beneficial. Enhancers of Iron
absorption such as haem iron of animal origin, ascorbic acid
or Vitamin C and inhibitors of Iron absorption like phytates
of cereal grains, legumes, nuts, seeds, iron‑binding phenolic
compounds (tannins) in tea, coffee, calcium of milk and
milk products play a determining role. Conventional
approach for IDA is through Iron Supplements such as
ferrous sulphate etc., However, adherence to the medication
is difficult due to various side effects such as epigastric
discomfort, nausea, diarrhoea, or constipation.[1] Side
effects can be minimized by drug intake along with food,
however, doing this reduces the iron absorption by 40%.[10]
Iron preparations inhibit the absorption of other drugs such
as tetracyclines, sulphonamides, and trimethoprim.[1] Hence
there is a need to look for newer agents which have a better
therapeutic utility.

Inclusion criteria

Complementary and alternative systems (CAM) or
traditional Medicines (TM) which are widely used by the
ailing community needs to be explored. In countries such
as Republic of Korea and China, in spite of well established
conventional health care 86% and 90% of population
commonly use TM.[11] Ayurveda has analysed the different
types of anemia under the classification of Pandu roga.[12]
Ayurveda has indicated use of various herbal formulations
like dhātrī avaleha[13] and iron formulations such as Loha
bhasma, Maṇḍura bhasma, Mākṣika bhasma, Gairika,
Vimala and Kasīsa[14] for this ailment. Hence the present
study was designed with an objective to evaluate effect
of a noniron formulation, Dhātrī avaleha with an iron
formulation Kasīsa bhasma in patients of IDA. The study
was also aimed to evaluate the sustainability effect of the
drugs.

Patients
Forty patients diagnosed as having Iron deficiency anaemia
as per the WHO criteria[16] were recruited from OPD and
IPD of the SDM College of Ayurveda, Udupi, Karnataka,
India.
1. Haemoglobin percentage below the range of 8 g/deci
Liter (dL)
2. Age group: 20–60 yrs
3. Blood picture – Microcytic hypochromic, Normocytic
hypochromic cells
4. Informed written consent.

Exclusion criteria
1. Anaemia from other disorders such as Hepatic cirrhosis,
Rheumatoid Arthritis, Uraemia, Malignant disorders etc
2. Sideroblastic anaemia, Thalassaemia major and minor
3. Haemoglobin levels below 5 g/dl
4. Comorbid medical or surgical disorders
5. Female patients who are pregnant or lactating
6. Patients with a history of alcohol, tobacco addiction etc
7. Patients on any other medications or health supplements
since 4 weeks.

Screening measures
All the patients were thoroughly screened for Iron
deficiency anaemia. Assessments of patients were through
an extensive clinical examinations and on Ayurvedic
parameters such as prakṛti and other laboratory parameters.
The following laboratory investigations were carried out
at Clinical Laboratory, SDM Ayurveda Hospital Udupi in
all patients at baseline, 30th and 60th days of intervention:
Blood investigation‑Haemoglobin concentration, Total
RBC count, Total Leukocyte count, Differential Leukocyte
count, Peripheral Blood smear study, Haematocrit (PCV)
and Stool examination for ova and cysts. In addition to the
above, we conducted other investigations such as Clotting
Time, Bleeding Time, Liver Function Test, Renal Function
Test, Sonography of abdomen etc., as and when required to
rule out co morbidities.

Methodology

Research design

Aims and objective

The present study is a randomized, controlled, open label,
parallel group comparative clinical study. The scholars
involved in randomization, distribution and administration
of study articles were independent from the investigators.
Computer generated random numbers were utilized for
the study. Block size was 4. During study, patients were
asked to adhere to the treatment protocol and report any

To evaluate the effect of Dhātrī avaleha in patients of Iron
Deficiency Anaemia.
The null hypothesis states that there is no difference in
clinical outcome of Dhātrī avaleha on IDA when compared
to the standard drug kasīsa bhasma.
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adverse events to the investigators at the earliest. Any
clinical manifestation that was likely to cause considerable
distress was screened for possible adverse events. All
patients were subjected to dīpana‑pācana (increasing
the metabolic activity) and koṣṭha śodhana (cleansing
of gut using mild laxatives) procedures, which is a
standard preparatory procedure[17] in Ayurveda before
starting any medication. Dīpana – pācana was done using
Pañcakola ciūrnִa[18] 5 g three times a day, before meals,
for 3–7 days with hot water, till the desired manifestations
such as lightness of body, proper evacuation of flatus,
urine, feces, feeling of purity in heart, eructation, feeling
of normalcy and purity in throat and mouth, disappearance
of drowsiness and exertion, appetite for food[19] were
observed in the patient. Koṣṭha śuddhi (cleansing of gut)
was done with administration of śuddhi cūrṇa[20] 5 g at
bed time, with water. Later, all patients were randomized
into two groups through block randomization procedure.
Patients in Group D received Dhātrī avaleha 10 g twice
a day after food with water. Patients in Group K received
Kasīsa bhasma capsules 125 mgs, thrice a day, after
food, with water. Dhātrī avaleha[21] and Kasīsa bhasma
dosages[22] were as per the classical literature. Ingredients of
the formulations were procured from authentic distributors
and formulations were prepared in GMP approved SDM
Ayurveda Pharmacy Udupi as per the standard procedures.
Total duration of study was for 2 months in which
interventions with Ayurveda medication was for one month.
For an additional one month, observations were maintained
with a starch placebo capsules of 250 mg thrice a day.
Assessments were done at baseline, 30th day and 60th day
of interventions [Figure 1]. The nature and design of the
study were explained to patients, and informed consent was
obtained. The study was approved by the Institute Ethics
Committee (Protocol Id‑SDM/99/KC/BRT, SDM College
of Ayurveda Udupi, Date of Approval‑10.1.2000. CTRI
Registration Number‑REF/2015/08/009513). Convenient
sample of 20 patients in each group were selected.

Assessments
1. Primary outcome – Hemoglobin (g/dL)
2. Secondary outcome ‑ Blood parameters such
as total Red Blood Cell (RBC) count, Size of
RBC (Anisocytosis), Shape of RBC (Poikilocytosis),
Chromasis of RBC, Packed Cell Volume (PCV),
Mean Corpuscular volume (MCV), Mean Corpuscular
Hemoglobin (MCH), Mean Corpuscular Hemoglobin
concentration (MCHC).

Statistical methods
Statistical analysis was carried out using SPSS
Version 15.0. Homogeneity of the data across the groups
was evaluated by the χ2 test. Comparison of groups across
different time points was carried out by repeated‑measure
analysis of variance (ANOVA) with Tukey post‑hoc test.
Comparison of groups at baseline was by one‑way ANOVA
50

Figure 1: Subject flow chart through the study

with Tukey posthoc test. Effect size was calculated
by Partial Eta Square method to assess the effect of
treatment through the outcome from baseline to 30th and
60th day of treatment. The criteria used for interpreting
effect size measures were as follows: 0–0.2 = minimal,
0.2–0.5 = small, 0.5–0.8 = medium and above 0.8 = large
effect size.[23] Values are reported as mean ± 1 standard
deviation. All tests were considered statistically significant
at P < 0.05.

Results
A total of 40 patients were recruited and divided in to two
groups. One patient from Group D and two patients from
group K dropped out from the study. Drop outs were due to
their illnesses such as typhoid needing other medications.
In one case it was due to the patient having shifted to a
different place. No adverse effects were reported in any of
the patients [Figure 1].

Subject characteristics
Most of the patients in our study were young
(28.24 ± 7.53 yrs), females (62.5%), married (65%),
from rural area (65%), high school educated (37.5%),
lower middle class (47.5%), mixed diet (67.5%), body
constitution of vāta pittaja prakṛti (60%), duration of
current manifestations (7.6 ± 5.93 months) [Table 1].

Primary out come‑hemoglobin
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a
significant effect of time F(2,70) =217.130, P < 0.001.
Both groups showed significant improvement that sustained
during the course of the treatment. There was a significant
effect of group F(1, 35) =37.583, P < 0.001 or group X
time interaction F(2, 70) =11.233, P < 0.001. Post hoc
analysis revealed at the end of 30 days and 60 days
group K showed significant improvement (P < 0.0001)
compared to group D [Table 2a and Figure 2].
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Table 1: Patient profile ‑ expressed in mean, standard deviations and percentage

Clinical profile
Age (years)
Sex
Male
Female
Socioeconomic status
Poor
Lower middle class
Upper middle class
Rich
Habitat
Urban
Rural
Food
Vegetarian
Mixed
Prakurti (body constitution)
Vatakapha
Pittakapha
Vatapitta
Severity (g/dL)
Moderate (7-8)
Severe (<7)
Duration of illness (months)
Drop outs
Study completed
Total

Parameters

Groups

Group D, n (%)
34.05±13.78

Group K, n (%)
36.90±13.81

Total (%)
35.47±13.69

P
0.915

7 (35)
13 (65)

8 (40)
12 (60)

15 (37.5)
25 (62.5)

0.744

3 (15)
9 (45)
7 (35)
1 (05)

4 (20)
10 (50)
5 (25)
1 (5)

7 (17.5)
19 (47.5)
12 (30)
2 (5)

0.91

8 (40)
12 (60)

6 (30)
14 (70)

14 (35)
26 (65)

0.507

7 (35)
13 (65)

6 (30)
14 (70)

13 (32.5)
27 (67.5)

0.736

6 (30)
2 (10)
12 (60)

6 (30)
3 (15)
11 (55)

12 (30)
5 (12.5)
23 (57.5)

0.885

12 (60)
8 (40)
5.2±3.07
1 (5)
19 (95)
20

14 (70)
6 (30)
6.35±3.68
2 (10)
18 (90)
20

26 (65)
14 (35)
7.60±5.93
3 (7.5)
37 (92.5)
40

0.507
0.291

Table 2a: Effect of interventions on haematological parameters
0 days

30 days

60 days

P (0-30 days) P (0-60 days) P (30-60 days) Effect size Effect size
(0-30 days) (0-60 days)
Hemoglobin (g/dL)
D
6.980±0.73 8.19±0.37 8.96±0.48 <0.0001*** <0.0001***
<0.0001***
−0.55
−0.594
K
7.33±0.53 9.21±0.71 10.48±0.78 <0.0001*** <0.0001***
<0.0001***
P
0.075
<0.0001
<0.0001
RBC chromasia
D
1.8±0.56 1.07±0.46 0.93±0.53
0.001**
0.001**
0.916
−0.13
−0.20
grade
K
1.50±0.61 0.57±0.51 0.29±0.47 <0.001***
<0.0001***
0.118
P
0.147
0.011
0.003
Anisocytosis grade
D
1.67±0.72 1.13±0.52 0.73±0.46
0.014*
<0.0001***
0.067
−0.45
−0.51
K
1.93±0.62 0.71±0.61 0.14±0.36 <0.0001*** <0.0001***
0.007**
P
0.305
0.056
0.001
Poikilocytes grade
D
1.20±0.56 0.33±0.49 0.33±0.49
0.001**
0.001**
1.000
0.09
0.005
K
1±0.78 0.29±0.47 0.14±0.36
0.010*
0.001**
0.483
P
0.434
0.791
0.246
Target cells grade
D
0.67±0.49 0.27±0.46 0.27±0.46
0.228
0.092
1.000
−0.10
−0.22
K
0.71±0.61 0.14±0.36
0
0.051
0.002**
0.766
P
0.818
0.429
0.038
Polychromasia
D
0.33±0.26 0.13±0.35 0.20±0.41
0.555
1.000
1.000
0.338
−0.006
grade
K
0.57±0.65 0.79±0.80 0.43±0.65
0.512
1.000
0.401
P
0.271
0.008
0.263
D
1.53±0.46 1.53±0.52 1.27±0.46
1.000
0.714
0.587
−0.15
−0.30
Reticulocytes count
in percentage of red
K
1.86±0.66 2.14±0.86 1.57±0.51
0.766
0.668
0.032*
cells
P
0.152
0.028
0.103
Expressed in mean±SD.*P<0.05, **P<0.01, ***P<0.001. SD: Standard deviation, RBC: Red blood cell
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Table 2b: Effect of interventions on haematological parameters

Parameters

Groups

0 days

30 days

60 days

Total
RBC (1012/L)

D

3.09±0.53

3.51±0.42

3.25±0.79

K

3.37±0.47

3.91±0.45

4.11±0.38

P

0.078

0.019

0.001

D

25.20±2.37

27.53±2

28.53±1.92

0.005**

K

27.07±3.22

30.57±3.55

34.36±3.30

P

0.06

0.008

<0.0001

D

67.53±3.78

72.2±2.81

80.67±2.77

<0.0001*** <0.0001*** <0.0001***

K

69.43±4.01

78.14±4.83

83.86±4.57

<0.0001*** <0.0001*** <0.0001***

P

0.201

<0.0001

0.03

D

21.27±1.98

25.47±2

27.67±1.40

<0.0001*** <0.0001*** <0.0001***

K

20.14±2.44

23.07±3.17

26.36±2.56

<0.0001*** <0.0001*** <0.0001***

P

0.136

0.021

0.096

D

27.73±1.62

28.93±1.71

30.47±1.55

K

26.79±3.17

30.43±3.13

30.57±3.16

P

0.315

0.119

0.91

PCV (%)

MCV
(fL)

MCH
(pg/cell)

MCHC
(g/dL)

Total count
WBC
(cells/µL/
mm3)

P (030 days)

P (060 days)

P (3060 days)

0.004**

1.000

0.409

<0.0001***

0.003**

0.792

<0.0001***

0.019*

0.112

0.001**

<0.0001*** <0.0001***

<0.0001***

0.127

0.068

1.000

K

7085.71±475.94 7435.71±545.76

0.035*

0.008*

1.000

0.437

−0.21

−0.61

−0.61

−0.51

−0.39

0.04

−0.40

−0.20

−0.08

−0.13

1.000

7006.67±700.48 7273.33±561.21 7306.67±602.93
0.727

Effect
size
(0-60
days)
−0.32

<0.0001*** <0.0001*** <0.0001***

D
P

Effect
size
(0-30
days)
−0.12

7514.29±473.7
0.314

D
2.73±0.46
2.33±0.72
1.47±0.74
0.310
<0.0001*** 0.006**
−0.45
0.07
Eosinophils
percent in
K
2.43±0.85
1.07±0.47
1.29±0.73
<0.0001*** <0.0001***
1.000
differential
P
0.236
<0.0001
0.513
count
Expressed in mean±SD. *P<0.05, **P<0.01, ***P<0.001. SD: Standard deviation, RBC: Red blood cell, PVC: Packed cell volume, MCV:
Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, WBC: White blood cell

Secondary outcomes
Total RBC count
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a
significant effect of time F(2,70) =10.439, P < 0.001. Both
groups showed significant improvement that sustained
during the course of the treatment. There was a significant
effect of group F(1,35) =15.866, P < 0.001 and group X
time interaction F(2, 70) =3.379, P = 0.041. Post hoc
analysis revealed at the end of 30 days (P = 0.019) and
60 days (P = 0.001) group K showed significant
improvement compared to group D [Table 2b and
Figure 2].
PCV
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a
significant effect of time F(2,70) =83.074, P < 0.001. Both
groups showed significant improvement that sustained
52

during the course of the treatment. There was a significant
effect of group F(1,35) =16.454, P < 0.001 and group X
time interaction F(2,70) =12.113, P < 0.001. Post hoc
analysis revealed at the end of 30 days (P = 0.008)
and 60 days (P < 0.001) group K showed significant
improvement compared to group D [Table 2b and
Figure 3].
MCV
Repeated measure ANOVA with time as within subject
factor and groups as between subject factor showed a
significant effect of time F(2,70) =225.572, P < 0.001.
Both groups showed significant improvement that
sustained during the course of the treatment. There was a
significant effect of group F(1,35) =9.080, P = 0.006 and
group X time interaction F(2,70) =5.074, P = 0.010. Post
hoc analysis revealed at the end of 30 days (P < 0.001)
and 60 days (P = 0.03) group K showed significant
improvement compared to group D [Table 2b and
Figure 3].
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Effect of interventions was comparable in all other
parameters at different time points when assessed through
repeated measure ANOVA.
Comparison ̐ithin group showed that effect of interventions
at the end of 30 days and 60 days was significant in
most of the parameters such as Hemoglobin, Total RBC,
MCV, PCV, RBC chromasia, Anisocytes, Poikilocytes,
MCH [Tables 2a, b and Figures 2‑4]. Hence improvement
was noted even in the observation period. In Total RBC,
Group D which showed improvement during medication
period failed to maintain the sustained improvement
when compared between 0–30 days to 30–60 days
outcomes [Figure 2].

a

b

Figure 2: Changes in hematological parameters in Group D (n = 19)
and Group K (n = 18) as assessed on 0 (baseline), 30th and 60th day of
intervention: (a) Hemoglobin, (b) total red blood cell count. Results are
expressed in mean ± standard deviation. Level of significance is *P < 0.05,
**P < 0.01, ***P < 0.001

Effects of medications during placebo intervention
period (30‑60 days) showed significant sustainable
improvement in Anisocytes and Reticulocytes in Group K.
However group D showed significant sustainable effect in
MCHC and eosinophils.
Effect size comparison showed that Medium effect size
was seen in Hemoglobin, MCV and PCV parameters.
Haemoglobin and MCV in 0–30 days and 0–60 days
comparison. PCV in 0–60 days comparison. Comparisons
showed that Group K was better than group D with
medium effect size. Small and minimal effect size favoring
group K was seen in RBC chromasia, Target cells, total
RBC, MCHC in both 0–30 and 0–60 days. Eosinophils and
MCH in 0–30 days periods only. Small and minimal effect
size favoring group D was seen in poikilocytes in both
0‑30 and 0‑60 days, in periods of 0‑60 days in Eosinophils
and MCH parameters [Tables 2a and b].

Discussion
The present study shows that Kasīsa bhasma produced
significant improvement than Dhātrī avaleha in primary
outcome measure and a few of the secondary outcome
measures also. Study shows that a noniron, herbal
formulation viz. Dhātrī avaleha produces significant
improvement during both intervention and sustainability
period.
Kasīsa bhasma produced significant improvement in
Hemoglobin, total RBC count, PCV, MCV after the period
of intervention and sustainability period. However in most
of the other secondary outcome measures such as RBC
Chromasia, Anisocytosis grade, Poikilocytes grade, Target
cells grade, Polychromasia grade, Reticulocytes count,
MCH and MCHC both groups were comparable.
Within group comparison showed that both drugs produced
significant improvement at the end of intervention and
sustainability in most of the parameters like Hb%, total
RBC count, PCV, MCV, RBC chromasia, Anisocytosis,
Poikilocytes, MCH.
Comparison of sustainability of improvement among groups
showed kasīsa bhasma to be better than dhātrī avaleha in
Ancient Science of Life | July‑September 2016 | Vol 36 | Issue 1

a

b

Figure 3: Changes in hematological parameters in Group D (n = 19)
and Group K (n = 18) as assessed on 0 (baseline), 30th and 60th day of
intervention: (a) Mean corpuscular volume, (b) packed cell volume. Results
are expressed in mean ± standard deviation. Level of significance is
*P < 0.05, **P < 0.01, ***P < 0.001

a

b

Figure 4: Changes in hematological parameters in Group D (n = 19)
and Group K (n = 18) as assessed on 0 (baseline), 30th and 60th day of
intervention: (a) Mean corpuscular hemoglobin, (b) mean corpuscular
hemoglobin concentration. Results are expressed in mean ± standard
deviation. Level of significance is *P < 0.05, **P < 0.01, ***P < 0.001

Anisocytosis, Reticulocytosis. Dhātrī avaleha was better
only in MCHC. Effect size comparison showed medium
in Hb% and MCV in both intervention and sustainability
phases favoring kasīsa bhasma over dhātrī avaleha. In both
the groups we did not notice any kind of adverse reactions.
Most of the patients in our study were suffering from
moderate to severe anaemia.[24] Average duration of the
illness was 7.6 months. Mean increase in haemoglobin with
30 days intervention of kasīsa bhasma was 1.88 g/dl and
Dhātrī avaleha was 1.2 g/dl. Kasīsa bhasma effects on
haemoglobin were comparable to the therapeutic goal of
oral iron therapy of raising serum haemoglobin by 1–2 g/dl
every two weeks.[25]
Better outcome of kasīsa bhasma can be attributed to
presence of iron whose oxidative state could be ferrous
state.[26] Kasīsa is the only Iron preparation of ayurveda
to have iron in ferrous state and the oxidative status of
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Iron in Kasīsa Bhasma remains to be studied. Studies
have established importance of ferrous iron in absorption
and therapeutics of Iron deficiency anaemia.[27] Bhasma is
an Ayurveda metal/mineral preparation containing nano
particles as a result of the processing that facilitate drug
absorption in the body.[28] A previous study[29] on śuddha
Kasīsa (pure kasīsa) has also showed similar results in
terms of significant increase in haemoglobin, Total RBC
Count, MCV, MCH, PCV. Poly herbal drug Dhātrī avaleha
contains various ingredients such as Vaṃśalocana (Silicious
concretion obtained from Bambusa arundinaceae Willd.),
Śunṭhī (Zingiber officinale Rosc.), Madhuyaṣṭi (Glycyrrhiza
glabra Linn), Pippalī (Piper longum Linn.), Mṛdvīkā (Vitis
vinifera), Śarkarā (Saccharum officinarium Linn.),
Āmalakī (Emblica officinalis Gaertn.), Honey. Emblica
officinalis is one of the richest sources of ascorbic acid.
Role of ascorbic acid is well established in converting
ferric iron to ferrous iron and helping in its absorption in
the body.[27] Ascorbic acid is specially helpful in Indian
population who on an average consume more vegetarian
foods with low iron bioavailability. Other herbal ingredients
through their antioxidant, micro nutrients value might have
helped in nutritional uptake and alleviated anemia in the
patients. Interventions showed no untoward or adverse
reactions. Dhātrī avaleha has also shown to have a potential
role as an adjuvant in the management of Thalassemia.
[30]
Other Ayurveda formulations such as Dhātrī loha,[31]
Haṃsa maṇḍura[32] and Phalatrikādi kvātha[32] have also
shown favorable outcomes in IDA.
Improvements not only sustained in most of the parameters
but also progressed during the drug withdrawn observational
period. The reason for this may be the sustained long term
effect of the drugs. The drugs might also have played a role
in correcting the defective absorption of micro nutrients
such as iron from food supplements. These drugs increase
the agni (metabolic process) and which in turn help in
correcting the deficits in the metabolism. Another study[33]
has also shown the therapeutic effect and sustainability
effect of Ayurveda formulations in nutritional deficiency
anaemia in children.
Advantage of the kasīsa bhasma when compared to the
conventional oral iron therapy is the lack of adverse
effects. Gastrointestinal disturbances such as nausea,
heartburn, pain, constipation, and diarrhoea are the most
commonly reported side effects, irrespective of the type
of conventional iron preparations used. This occasional
intolerance is usually viewed as a limiting factor for oral
iron therapy, as it may impact patient compliance.[34]
The present study highlights that Ayurveda intervention
can successfully treat IDA. However, scarcity of
documentation and lack of validation are few of the
hindrances in their propagation. Ayurveda and other
traditional medicinal systems have the potential to provide
effective, economical and safer medications to IDA which
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has a large ailing community. A randomized, controlled,
open label clinical study could effectively demonstrate
the outcome. Outcomes were effectively captured in
various subjective and objective parameters. A nonIron
formulation, Dhātrī avaleha can also a play a significant
role in IDA management.
This study has a few limitations such as lesser sample,
shorter duration of intervention. Comparison with the
currently used medications of IDA such as ferrous sulphate
would have been more beneficial. Assessment of iron state
by serum ferritin, Erythrocyte protoporphyrin, Serum iron,
transferrin, and transferrin saturation, Serum transferrin
receptors would have also added value. Detailed study of
these drugs and their pharmacokinetic studies can thro̐
more light.

Conclusions
This study stresses the importance of two Ayurveda
medications in the management of IDA. Kasīsa bhasma
and a nonIron formulation, Dhātrī avaleha could effectively
improve Hematological parameters of IDA. Improvements
not only sustained in most of the parameters but also
progressed in few of the parameters during the drug
withdrawn observational period. Hence, these medications
can play a role in refining the current strategies for IDA
management.
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Abstract: Quality of drugs is the primary and basic needs of today’s pharmacies to ensure the safety and efficacy of
drugs when it comes to herbal origin. Though the ayurveda has explained numerous formulations to counteract
the disease by adopting the assessment criteria are set in those days, there is a need of a hour to validate them
based on modern tool for their safety. To assess the quality of drugs, standardization of herbal formulation is
essential. This article reports on physicochemical analysis of Sindhuvaradi Agada, a polyherbal Ayurvedic
medicine indicated in cobra envenomation and used by traditional Keralian Visha Vaidyas. Sindhuvaradi Agada
was prepared as per classics. In-house preparation has been assessedon the basis of organoleptic characters,
physical characteristics, Physico-chemical properties and Thin layer chromatography (TLC) methods. The set
parameters can be used as reference for standardisation of this formulation.
Keywords: Sindhuvaradi Agada, Quality standards, Agada Tantra.

1. INTRODUCTION
The Ayurvedic system of medicine gained worldwide attention due to increased side effects of drugs, lack of remedy for
several chronic diseases, microbial resistance, high cost of synthetic drugs and emerging diseases. These are some facts
for public interest in traditional medicines. With increase demand for safer drugs, attention has been drawn to the quality,
safety, efficacy, and standards of the Ayurvedic formulations.[2]
The World Health Organization (WHO) has appreciated the importance of medicinal plants for public health care in
developing nations and in their efforts to formulate national policies on traditional medicine and to study their potential
usefulness including evaluation, safety and efficacy.[3]The need of quality control for Ayurvedic drugs is due to the fact
that the preparation of drug according to the ancient method has been reduced due to the modernization of Ayurvedic
pharmacy in present eraand there is a need of a hour to validate them based on modern tools.[4]
Sindhuvaradi Agada (SA), an Ayurvedic polyherbal formulation, consists of 3 herbs [Table 1].It is indicated in darvikara
damsha (i.e. cobra envenomation).1The ingredients of SA individually exhibited antioxidant, anti-inflammatory, immunomodulatory, analgesic activity.
Table no 1

Sl.no
1.
2.
3.

Drug Name
Sindhuvara
Vacha
Aparajita

Latin Name
Vitex negundo Linn.
Acorus calamus Linn.
Clitorea ternatea Linn.

Part Used
Mula (Root)
Kanda(Rhizome)
Mula (Root)

Quantity
1 part
1 part
1 part

The present study carried out to develop quality control parameters of Sindhuvaradi Agada.
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2. MATERIALS AND METHODS
Collection and Identification of plant materials:
The raw drugs used for preparation of Sindhuvaradi Agada were procured from available sources nearby Belgaum,
Karnataka, India and authenticated by AYUSH approved Drug Testing Laboratory, KLEU’s Shri. BMK Ayurved
Mahavidyalaya and Research Centre, Belgaum, Karnataka.
Preparation of Sindhuvaradi Agada:
All the authenticated drugs were powdered separately, passed through 120 # sieve and then mixed together in specified
proportions to get uniformly blended churna. To this churna, bhavana (Trituration)was given with freshly prepared
kashaya (Decoction) of raw drugs of the same daily 6 hrs for 3 days. The rolled Gullika (Tablets) were shade dried and
was packed in a tightly closed glass containers for further use.

Figure 1: Final product after 18Hrs of Bhavana.

CHEMICALS:
Solvents and chemicals of analytical grade were procured from E. Merck and S.D. fine chemicals, Mumbai.
Test Solution: Alcohol extract of raw drug and Sindhuvaradi agada.
Stationary Phase: Silica gel GF254 for TLC plates with aluminium sheet support (0.2mm thickness) (E. Merck) were used.
Mobile Phase- Toluene:Ethyl acetate (9:1v/v) was selected as solvent system through trial and error method. The
developed plates were visualised under short UV (254nm), long UV (366nm) and RF values were recorded.
PHYSICO CHEMICAL EVALUATION:
SA was subjected to various analytical parameters as follows –
Organoleptic parameters: Rupa (colour), Rasa (Taste), Gandha (odour), Sparsha (Touch),[5]Physico-chemical Parameters:
pH% w/v of aqueous solution.[6] Loss on drying at 110oC.[7] Ash value.[8] Acid insoluble ash.[9] Water soluble
extractive.[10] Hydro alcoholic soluble extractive, methanol soluble extractive. [11]
Qualitative test for Gullika: Weight variation test[12] Tablet hardness test.[13] Tablet disintegration time.[14]Qualitative test
for various functional groups.[16-17]
Microbial limit Test was carried out for Fungal and Bacterial study. [18]

3. RESULTS AND DISCUSSION
Organoleptic characters for finished product of SA shows - Surface was uniform and without any cracks, waslight brown
in colour, SA was pungent, bitter in Rasa due to the ingredients as all were having bitter taste, SA having characteristic
Gandha (odour) due to the specific ingredients,SA was harder in Sparsha because of reduction in particle size due to
more Mardana. [Table2]
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TABLE 2: ORGANOLEPTIC CHARACTERS OF SA

Sr. No.
1

Parameters
Colour

SA
Light brown

2
3
4

Odour
Taste
Consistency

Characteristic
Pungent, Bitter
Hard

Physico chemical analysis – SA was made into pills of 1gm which showed reduction in weightafter drying, which
indicates reduced moisture content and thus prevents the microbial content, in SA it was 2.8%w/w. Presence of inorganic
substances in the formulations expresses determination of Ash value, which plays important role in standardization, more
the ash value, higher the inorganic substances.In present sample Ash value was 6.71%w/w. Various components have
different solubility media, present formulation solubility wasobserved for water and alcohol. Water and alcoholsoluble
extractive value of SA was 39.42% and 22.31% respectively which shows that SA having morewater soluble compounds
than ethanol. [Table 3]
TABLE 3: PHYSICOCHEMICAL PROPERTIES OF SA

Sr. No.
1
2
3
4
5
6

Parameters
pH at 5% aqueous solution
Loss on Drying at 1100C (% w/w)
Total Ash (% w/w)
Acid Insoluble Ash (% w/w)
Water Soluble Extractive (%w/w)
Alcohol Soluble Extractive (%w/w)

SA
7.21
2.80
6.71
4.94
39.42
22.31

Average Weight, Disintegration time, Hardness of SA were given in [Table 4], the weight variation is +/- 2%, by this
proper fixation of therapeutic dose can be achieved. Hardness and Disintegration of SA is more due to more Mardana.
TABLE 4: QUANTITATIVE PARAMETERS OF SA 160

Sr. No.
1
2
3

Parameters
Wt. Variation Test
Tab. Disintegration Time (min)
Hardness (Kg/cm2)

SA 160
+/- 2%
40
10

Qualitative analysis of raw drugs as well as SA shows presence of Carbohydrates, reducing sugar, alkaloids, proteins,
amino acids, fats and oils, steroids, Flavonoids, Saponins was present given in Table 5 and 6 respectively.
TABLE 5: QUALITATIVE PARAMETERS OF RAW DRUGS & SA– ORGANIC TEST

Sr. No.
1
2
3
4
5
6
7
8
9
10
11
12

Parameters
Carbohydrates
Reducing Sugar
Non reducing sugar
Proteins
Amino Acids
Fats and Oils
Volatile oils
Steroids
Glycosides
Saponins
Flavonoids
Alkaloids

Sindhuvara
Aq
Al
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Vacha
Aq
+
+
+
+
+
+
+
+
+

Al
+
+
+
+
+
+
+

Aparajita
Aq
Al
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

SA
Aq
+
+
+
+
+
+
+
+
+

Al
+
+
+
+
+
+
+

+ Present, - Absent, Aq – Aqueous, Al – Alcoholic
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TABLE 6: QUALITATIVE PARAMETERS OF IINGREDIENTS &SA - INORGANIC TEST

Sr. No.
1
2
3
4
5
6
7
8
9
10

Parameters
Carbonate
Calcium
Magnesium
Potassium
Iron
Sulphate
Chloride
Nitrate
Sodium
Phosphate

Sindhuvara
+
+
+
+
+

Vacha
+
+
+
+
+

Aparajita
+
+
+
+
+

SA
+
+
+
+
+

+ Present, - Absent

Findings of Microbial limit test (MLT) is given in Table7. MLT showed there was no growth of organisms after 24hrs of
incubation as per IP.
TABLE 7: MICROBIAL LIMIT TEST OF SA

Sr. No.

Pathogens

Limits (As per IP)

1
2
3
4

E coli
S aureus
P aeruginose
S abony

Absent
Absent
Absent
Absent

Results
SA
Absent
Absent
Absent
Absent

TLC analysis – Rf values and TLC plate photograph is shown in Table 8 and Figure 2 and 3respectively.
TABLE 8: TLC - RF VALUES OF RAW DRUGS and SA

Drug
Sindhuvara

Extract

Vacha

Ethanol
extract

Aparajita
SA

Solvent System

Toulene:Ethyl
Acetate (9:1)

Spots at UV 254 nm

Spots at UV 366 nm

0.03, 0.20, 0.45, 0.63, 0.74, 0.93

0.02, 0.18, 0.42, 0.61, 0.66,
0.75, 0.90
0.03, 0.14, 0.20, 0.44, 0.55,
0.74, 0.88
0.05, 0.15, 0.28, 0.42, 0.66

0.06, 0.16, 0.45, 0.68, 0.76, 0.94
0.03, 0.12, 0.23, 0.35, 0.45, 0.54, 0.68,
0.77, 0.92
0.13, 0.21, 0.31, 0.45, 0.47, 0.76

0.08, 0.20, 0.32, 0.52, 0.82

Samples
Ethanol Extract of Raw drugs & Sindhuvaradi
Agada
Solvent System
Mobile phase
Toulene : Ethyle Acetate[9 : 1]
Stationary phase
Pre-coated thin films of Silica plates of length
15mm
Development
Stepwise in Stahl chamber

UV – 254nm

Visualization
Under UV chamber
Short wave – 254nm
Long wave – 366nm

UV – 366nm
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4. CONCLUSION
Present work carried out for development of quality standards of Sindhuvaradi Agada. Physicochemical, preliminary
phytochemical studies and TLC profile have been useful for identity of polyherbal formulation. The results obtained from
this study could be utilised for the standardization of formulations.
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Although today's Ayurvedic graduates have many career options to select from, they are not given any
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1. Background
Today there are many promising opportunities available for
Ayurvedic graduates after completing the studies. Broadly, there
are ﬁve areas which are available for a BAMS graduate to build a
career successfully viz. clinical practice, academic (teaching),
management & administration, drug manufacturing and research.
Research is a process of searching the knowledge by systematic
investigation and to establish novel facts by scientiﬁc methods.
Medical research has lot of importance as it is much needed for the
addition of knowledge and thereby to improve health care [1]. It
can be achieved by various methods of research ranging from drug
trials to community surveys and from trends in the past years to
unusual cases in the hospital.
Even though variety of approaches are available, the scenario of
medical research in India is not encouraging. The undergraduate
medical research is still a rare phenomenon. There are reports
available mentioning facts & ﬁgures about the modern medical
undergraduate students level research and also discussing the potential reasons behind this apathy [2,3]. The situation of the global
undergraduate medical research is far better. Considering the

global scenario, the Medical Council of India is focusing more on the
improvement of medical research and emphasizing the same even
at undergraduate level.
In case of Ayurveda, although the research culture is slowly
gaining pace, the Undergraduate students are not educated or
motivated in this direction. The present study reports the attitude
of interns in an Ayurveda Teaching Hospital about Research as a
career.
2. Methodology
We carried out a cross sectional study among the interns of the
KLEU's BMK Ayurved Mahavidyalaya, Belgaum, wherein the interns
(n ¼ 40) were asked to prioritize their career options from research,
teaching and clinical practice. These responses were taken in
writing. Further, they were asked to describe the rationale behind
their career preferences. Lastly, the interested candidates were
asked to enroll their names for the ongoing research projects in the
college. This whole exercise was done at the end of a lecture, which
was arranged as a part of routine activities for the interns as an
institutional norm.
3. Results
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Research School for Health Affairs, Pune-Satara Road, Dhankawadi, Pune, 411043,
India.
E-mail addresses: supriya.bhalerao@gmail.com (S. Bhalerao), dr_bsprasad@
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Peer review under responsibility of Transdisciplinary University, Bangalore.

The career options prioritized by the interns are summarized in
Table 1. Out of 40 interns, 36 preferred clinical practice as ﬁrst
career priority, whereas 4 selected teaching as option. Research was
chosen as second priority by 18 and third priority by 22 interns.

http://dx.doi.org/10.1016/j.jaim.2015.06.001
0975-9476/© 2016 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Career options of interns (n ¼ 40).

Research
Teaching
Clinical Practice

First priority

Second priority

Third priority

0
4
36

18
21
1

22
15
3

When asked about the rationale behind this priority, they
unanimously opined that Ayurveda is a clinical science and they
have opted for a medical degree, hence clinical practice obviously
becomes their ﬁrst preference. They also feel that treating the patients and thereby helping mankind is a noble job and they would
be happier to take up this job. Further, they have ‘experienced’ that
the physician who treats the patients receives high regards in the
society and that is why their preference is towards clinical practice.
Interestingly, although they could justify their ﬁrst preference towards clinical practice reasonably well; they could not provide any
justiﬁcation for their preference towards research. Rather, they
expressed their inability to comment anything about research.
Regarding enrollment to the research projects, only 4 out 40
interns showed their inclination towards such activity.
4. Discussion
The present study was carried out to know the attitudes of the
interns towards research as career option in an Ayurvedic Teaching
Hospital. We observed that none of them considered research as
the ﬁrst profession priority. This may be because they are not
exposed to the research methodology and importance of research
during their undergraduate studies. Further, the current curriculum
does neither include terms like evidence base, data generation nor
the introduction to ﬁndings of major nationwide research projects
such as CSIR-NMITLI, a science initiative in Ayurveda.
The Central Council for Indian Medicine (CCIM) has introduced
research as a subject in ﬁnal year Ayurvedic (BAMS) students,
which is welcoming step. Although this will impart theoretical
knowledge, it would prove more impactful if coupled with practical
training. The students during their undergraduate studies rarely get
an opportunity to visit a research institute or get hands-on-training
in certain techniques. The same thing is reﬂected in the career
options prioritized by the interns participated in our study. We
therefore suggest that an elective module exclusively in research
can be introduced during the internship tenure, wherein the
interested students can be posted at a research institute for a period
of two months or so.
For the students of modern medicine (MBBS), various schemes
and programmes are available such as ICMR Short Term Studentship (STS), KVPY (Kishore Vaigyanik Protsahan Yojana), conferences
for medical students [4] and so on. MBBS students are eligible to get
SRF through which they can work on a research project for three

77

years and can extend the work by registering to PhD. It is offered by
Indian Council of Medical Research (ICMR), Council of Scientiﬁc and
Industrial Research (CSIR) and University Grants Commission
(UGC). Such provisions should be made available even for Ayurvedic students [1].
We further feel that if the students are exposed to the research
methodology in their undergraduate days, they will be in a better
position to conduct full-ﬂedged research studies during their
postgraduate tenure. This will certainly help to improve the standards of MD/MS dissertations and PhD theses. Vaidya-Scientist
fellowship programme [5] to train the candidates in the Shastras,
science and medicine along with exposure to appropriate research
methodology is an ambitious programme, which not only needs to
be continued but also to be strengthened by increasing intake
capacity.
Our study thus highlights the ignorance (and therefore apathy)
of interns towards research as career option. However, it must be
noted here that the study has not been conducted in structured
way. The sample size is very small and has been taken from only
one college. This makes the results less generalizable and it would
be desirable to carry out such study in different colleges across the
country involving a larger sample size.
To sum up, the career preferences given by interns in our study
indicates “conventional” approach towards medical education.
There is need to change their attitudes through appropriate
training [6] and by introducing different programmes to foster the
research culture.
Source of support
Nil
Conﬂict of interest
None declared.
References
[1] Upputuri B, Venugopala SP. An insight into the undergraduate medical research
in India. Indian J Public Health Res Dev 2014;5(2):94.
[2] Harsha Kumar H, Jayaram S, Kumar GS, Vinita J, Rohit S, Satish M, et al.
Perception, practices towards research and predictors of research career among
UG medical students from coastal south India: a cross-sectional study. Indian J
Comm Med 2009;34:306e9.

z Luís E, de
[3] Oliveira Cristiano C, de Souza Renata C, Sassaki Abe Erika
H, Silva Mo
Carvalho Lidia R, Domingues Maria AC. Undergraduate research in medical
education: a descriptive study of students' views. BMC Med Educ 2013;14:51.
[4] Deo MG. Undergraduate medical students' research in India. J Postgrad Med
2008;54:176e9.
[5] Patwardhan Bhushan, Joglekar Vishnu, Pathak Namyata, Vaidya Ashok. Vaidyascientists: catalysing Ayurveda renaissance. Curr Sci 2011;100(4):476e83.
[6] Patwardhan K, Gehlot S, Singh G, Rathore H. Global challenges of graduate level
Ayurvedic education: a survey. Int J Ayurveda Res 2010;1:49e54.

Journal of Liposome Research

ISSN: 0898-2104 (Print) 1532-2394 (Online) Journal homepage: http://www.tandfonline.com/loi/ilpr20

Poloxamer 407-based intranasal thermoreversible
gel of zolmitriptan-loaded nanoethosomes:
formulation, optimization, evaluation and
permeation studies
Santosh Shelke, Sadhana Shahi, Sunil Jalalpure & Dinesh Dhamecha
To cite this article: Santosh Shelke, Sadhana Shahi, Sunil Jalalpure & Dinesh Dhamecha (2016):
Poloxamer 407-based intranasal thermoreversible gel of zolmitriptan-loaded nanoethosomes:
formulation, optimization, evaluation and permeation studies, Journal of Liposome Research,
DOI: 10.3109/08982104.2015.1132232
To link to this article: http://dx.doi.org/10.3109/08982104.2015.1132232

Published online: 12 Jan 2016.

Submit your article to this journal

Article views: 3

View related articles

View Crossmark data

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ilpr20
Download by: [182.48.226.144]

Date: 18 January 2016, At: 19:48

http://informahealthcare.com/lpr
ISSN: 0898-2104 (print), 1532-2394 (electronic)
J Liposome Res, Early Online: 1–11
! 2016 Taylor & Francis. DOI: 10.3109/08982104.2015.1132232

RESEARCH ARTICLE

Poloxamer 407-based intranasal thermoreversible gel of
zolmitriptan-loaded nanoethosomes: formulation, optimization,
evaluation and permeation studies
Santosh Shelke1, Sadhana Shahi2, Sunil Jalalpure3, and Dinesh Dhamecha3
Department of Pharmaceutics, Yash Institute of Pharmacy, Aurangabad, Maharashtra, India, 2Department of Pharmaceutics, Government College
of Pharmacy, Osmanpura, Aurangabad, Maharashtra, India, and 3KLE University’s College of Pharmacy and Dr. Prabhakar Kore Basic Science
Research Center, KLE University, Nehru Nagar, Belagavi, Karnataka, India

Downloaded by [182.48.226.144] at 19:48 18 January 2016

1

Abstract

Keywords

Zolmitriptan is the drug of choice for migraine, but low oral bioavailability (550%) and recurrence
of migraine lead to frequent dosing and increase in associated side effects. Increase in the
residence time of drug at the site of drug absorption along with direct nose to brain targeting of
zolmitriptan can be a solution to the existing problems. Hence, in the present investigation,
thermoreversible intranasal gel of zolmitriptan-loaded nanoethosomes was formulated by using
mucoadhesive polymers to increase the residence of the drug into the nasal cavity. The
preparation of ethosomes was optimized by using 32 factorial design for percent drug
entrapment efficiency, vesicle size, zeta potential, and polydispersity index. Optimized
formulation E6 showed the vesicle size (171.67 nm) and entrapment efficiency (66%) when
compared with the other formulations. Thermoreversible gels prepared by using poloxamer 407
showed the phase transition temperature at 32–33  C which was in line with the nasal
physiological temperature. The optimized ethosomes were loaded into the thermoreversible
mucoadhesive gel optimized by varying concentrations of poloxamer 407, carbopol 934, HPMC
K100, and evaluated for gel strength, gelation temperature, mucoadhesive strength, in vitro drug
release, and ex vivo drug permeation, where G3 and G6 were found to be optimized formulations.
In vitro drug release was studied by different kinetic models suggested that G3 (n ¼ 0.582) and G6
(n ¼ 0.648) showed Korsemeyer–Peppas (KKP) model indicating non-Fickian release profiles. A
permeation coefficient of 5.92 and 5.9 mg/cm2 for G3 and G6, respectively, revealed very little
difference in release rate after 24 h between both the formulations. Non-toxic nature of the gels
on columnar epithelial cells was confirmed by histopathological evaluation.

Ethosomes, factorial design, intranasal,
poloxamer, thermoreversible gel,
Zolmitriptan

Introduction
Migraine is defined as a multifactorial headache disorder
primarily characterized by pulsatile headaches followed by
anorexia, nausea, vomiting, photophobia, and phonophobia
which is exacerbated by physical activity (Goadsby et al.,
2002). Migraine is a common illness which imposes an
enormous health burden on both patient and society leading to
work and productivity losses causing economic burden.
Various therapeutic agents have been recognized and
documented for the treatment of migraine. Introduction of
triptans for the treatment of migraine has been a revolution
with limitations like short half-life durations for the drugs like
Rizatriptan (2.4 h), Eletriptan (5 h), Naratriptan (5.5 h),
Sumitriptan (2 h), Almotriptan (3 h), and Zolmitriptan
(2.5 h) (Dirk & Hanssens, 2000) leading to frequent dosing
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to maintain therapeutic level of drug in blood. Even though
the patient acceptability of zolmitriptan is reliable, its use is
limited due to its frequent dosing and associated side effects.
Hence, there is a need to develop a novel dosage form for
brain-targeted sustained and continuous delivery of zolmitriptan which would subsequently reduce associated side
effects.
Zolmitriptan (ZMT) chemically ((S)-4[[3-[2-dimethylamino) ethyl]-1Hindol- 5yl] methyl]-2-oxazolidinone) is a
5-HT1B/1D receptor partial agonist approved for use in the
acute treatment of migraine (Bahra et al., 2000). ZMT has a
better efficacy and tolerability profile at doses of 2.5–10 mg,
undergoes first-pass metabolism, and has poor bioavailability.
Its Cmax is reported to be 2.7–9.9 ng/ml and the plasma halflife is 1–2 h, suggesting frequent dosing (Solomon et al.,
1997).
Presently, ZMT formulations available in market include
tablet, nasal spray, and orodispersible tablet dosage forms
(Dowson et al., 2002; Robert et al., 2009; Roger et al., 2002).
But, the use of these dosage forms is limited due to the
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Table 1. Observed responses from 32 factorial design of ZMT-loaded ethosomal formulations.
Independent variables
Formulation code
E1
E2
E3
E4
E5
a
E6
E7
E8
E9

Dependent variables

X1: concentration
of soya lecithin

X2: concentration
of ethanol

EE: entrapment
efficiency (%)

VS: vesicle
size (nm)

1
1
1
0
0
0
1
1
1

1
0
1
1
0
1
1
0
1

32.17 ± 1.26
38.3 ± 2.04
45.67 ± 2.52
56.33 ± 1.53
62.33 ± 2.31
66.33 ± 2.51
63.67 ± 1.53
65.33 ± 1.53
68 ± 4

250.33 ± 8.08
183 ± 9.16
176 ± 5.29
311.3 ± 14.36
244 ± 7.98
171.68 ± 11.54
346.66 ± 9.54
315 ± 5
254.67 ± 10.50

Actual values
Coded values

Downloaded by [182.48.226.144] at 19:48 18 January 2016

1
0
+1

X1 (% w/v)

X2 (% v/v)

3.5
4
4.5

35
40
45

X1, concentration of soya lecithin; X2, concentration of ethanol; EE, percent entrapment efficiency; VS,
vesicle size (nm).
a
Optimized formulation.

vomiting and gastric problems of the patients suffering from
migraine (Silberstein, 1995). To overcome these limitations,
there is need to develop a nano-formulation for targeting brain
and simultaneously provide sustained release of drug. One
such approach is nano-ethosomal drug delivery system which
can act as a drug carrier and bypass blood–brain barrier via
olfactory lobes pathway (Elsayed Mustafa & Ossama, 2006;
Shelke et al., 2015). Further, thermoreversible gel formulation
of drug-loaded ethosomes could provide a final dosage form
for sustained release intranasal delivery of ZMT. However,
intranasal drug delivery system must be precisely formulated
to provide desirable release of drug across the nasal mucosa
and longer residence time in nasal cavity.
Herein, we have streamed our research work to formulate
and optimize ZMT ethosomes by using 32 factorial design.
Optimized ethosomes were evaluated and further incorporated into thermosensitive gel form using carbopol 934 and
HPMC K 100 as a mucoadhesive agent and poloxamer 407 as
a thermoreversible gelling agent.

Materials and methods
Materials
ZMT was obtained as a free sample from Cipla Ltd., Mumbai,
India, and poloxamer 407 was obtained as a free sample from
Shreya Life Sciences Pvt. Ltd., Aurangabad, India. Other
chemicals like carbopol 934, HPMC K100, soya lecithin
(30%), and membrane (cellophane membrane 12 000–
14 000 MW) were purchased from Hi-Media Lab Pvt. Ltd.,
Mumbai, India. All other reagents used were of analytical
grade.
Preparation of ethosomes
On the basis of preliminary investigations, a three-level
factorial design was used to investigate the effect of concentration of soya lecithin and ethanol on the vesicle size (nm)
and percent entrapment efficiency for optimization of

ethosomes (Sarwa et al., 2014) in which the concentration
of soya lecithin and ethanol were considered as independent
factors whereas percent entrapment efficiency (EE) and
vesicle size (VS) as dependent variables (Table 1). The
polynomial equation generated was used to estimate the
response shown by general equation, Y ¼ b0 + b1X1 + b2X2 +
b12X1X2 + b11X1X1 + b22X2X2.
Ethosomes were formulated by the ethanol injection
method (Kewei et al., 2012) by using the mixtures A and B.
Mixture A consisting of propylene glycol, ethanol, and soya
lecithin was kept stirring (IKA India Private Limited,
Karnataka, India) at 30  C, speed 700 rpm for 30 min.
Mixture B consisting of ZMT solution in distilled water was
injected slowly into the mixture A using a syringe at the flow
rate of 200 mL/min to make up the volume up to 50 ml and
stirred for additional 30 min. Prepared ethosomes were then
subjected to thermostatically maintained (4  C) probe sonication (Rivotek Ultrasonic Sonicator, Mumbai, India) for
45 min for three cycles of 15 min each (15 s on/off cycle). The
formulations were then stored in a refrigerator for further
characterization.
Evaluation of ethosomes
ZMT-loaded ethosomal nano-dispersion was subjected to
centrifugation at 50 000 rpm for 1 h at 4  C using
micro-ultracentrifuge (Thermo Scientific Sorvall MX 150
Micro-Ultracentriguge, Mumbai, Maharashtra, India) to estimate drug entrapment. Supernatant was analyzed for free
ZMT at a UV wavelength of 281 nm (Shimadzu 1800, Tokyo,
Japan) and percent entrapment efficiency (PEE) was calculated by using formula PEE ¼ (amount of drug encapsulated/
total amount of drug used in formulation)  100. Vesicle size,
polydispersibility index (PDI), and zeta potential of ethosomes after appropriate dilutions were analyzed by Malvern
Zeta Sizer (Nano ZS, Malvern Instruments Ltd, Malvern,
UK). Ethosomes were initially examined for its shape under
optical trianocular microscope coupled with camera (Metzer
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Table 2. Composition of ZMT loaded ethosomal thermoreversible gel
formulations.
Formulation
code
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ZS
ZPG
G2
G3
G4
G5
G6
G7

Drug
(% w/v)

Poloxamer
P 407 (% w/v)

Carbopol
934 (% w/v)

HPMC
K100

2
2
2
2
2
2
2
2

–
18
18
18
18
18
18
18

–
–
0.2
0.3
0.4
–
–
–

–
–
–
–
–
0.5
1
1.5

M, Optical Instruments Pvt. Ltd, Uttar Pradesh, India) at a
magnification of 10 and 40. Optimized formulation was
then finally analyzed by transmission electron microscopy
(TEM) (Tecnai G2 Spirit Bio Twin; FEI, Tescan, Brno, Czech
Republic) coupled with camera. Samples of ethosomes
formulation (10 ml) were retained onto copper grids until
drying and then stained using 2% w/v aqueous uranyl acetate
and scanned to obtain images.
Determination of gelation temperature
Poloxamer 407 in the concentration range of 13–20% w/v was
dissolved in water and studied for its gelation temperature by
the visual inspection method (Bhalerao et al., 2009). Beaker
containing 10 ml of poloxamer 407 solution in water was kept
on thermostatically maintained digital magnetic stirrer where
the temperature was increased with an increment of 1  C/min
and the temperature at which bead stops moving due to the
formation of gel was recorded as gelation temperature.
Formulation of in situ nasal gel of ZMT-loaded
ethosomes
Optimized concentration of poloxamer 407 was used for the
formulation of intranasal gels (Table 2) using carbopol 934
and HPMC K100 as a mucoadhesive agent. Different
concentrations of carbopol 934 and HPMC K100 were
slowly added to ZMT-loaded ethosomal dispersion in water
followed by the addition of poloxamer 407 solution with
continuous stirring. All the formulated gels were stored for
further evaluation.
Evaluation of in situ gel formulations
The formulated gels were evaluated for their physicochemical
properties, namely pH, clarity, and drug content. Prior to use,
pH meter 510 (Eutech Instruments Pvt. Ltd., Singapore) was
calibrated by standard buffer solutions of pH 4 and pH 7
(Thermo Fisher Scientific standard buffers, Thermo Fisher
Scientific Inc., Mumbai, Maharashtra, India). The clarity was
checked against standard white and black background apparatus. The drug content of the gel was determined by the
spectroscopic method, where appropriate dilutions were made
in the linear range and the absorbance was measured at
281 nm against the blank. The viscosity of the developed
formulations was determined by the Brookfield viscometer
(DV3T Rheometer, Brookfield Inc., Middleboro, MA) at
32 ± 2  C. The force required to detach the formulation from

3

the nasal mucosal tissue was recorded as the mucoadhesive
potential of gel formulations (Shin et al., 2013). The Sheep
nasal tissue was obtained from slaughter house and intact
mucosal membrane was isolated within 1 h after killing the
animal. The mucosa was separated from bone cartilage and
tissues were cut into small portions. Two tissue portions
approximately 20  20 mm2 were tied to two different glass
slides using thread. One glass slide was fixed on the
underneath portion of a pan balance with two-sided adhesive
tape facing downside. The other slide was fixed on wooden
board of balance in such a way that the tissue was just beneath
and facing upper tissue. Gel (100 mg) was placed in between
two mucosal tissues and held in contact for 2 min and dummy
granules were then added slowly into the other pan till the
tissues get separate. The mucoadhesive strength of gel
formulation was determined from minimal weight that
detaches the mucosal tissues from the surface of each
formulation and was calculated by the formula:
(M  G/A)  100, where M is the weight required for detachment in grams, G is the acceleration due to gravity
(980 cm/s2), A is the area of mucosa exposed and expressed
as the detachment stress in dyne/cm2.
In vitro drug release study and ex vivo drug
permeation study from ZMT-loaded thermoreversible
intranasal gel
Drug release and permeation studies from the gel were
determined by using the Franz diffusion six cells system
(Thermo Fisher Scientific, Newington, NH) using the
cellophane dialysis membrane (soaked in a receptor
medium for 2 h) for in vitro drug release study (Jain et al.,
2004) (Mw: 12 000–14 000 kDa). For ex vivo permeation
studies, intact nasal mucosa membrane was identified and
separated from the sheep nasal cavity, cleaned, and stored in
buffer for 2 h prior to experimentation. Membranes were then
fixed on Franz diffusion cells having effective permeation
area of 2  2 cm2. ZMT-loaded ethosomal gel equivalent to
2.5 mg of ZMT was loaded into donor compartment whereas
receptor compartment was filled with 12 ml of phosphate
buffer pH 6.4 and maintained at a fixed temperature
(34 ± 1  C) and standard stirring speed. Aliquots of 0.5 ml
were withdrawn at predetermined intervals from receptor
compartment and replaced with fresh buffer until 24 h. The
samples were diluted appropriately and analyzed by UV–
visible spectrophotometer at 281 nm. The effective permeability coefficient (cm s1) across sheep nasal mucosa under
steady-state conditions was calculated according to the
equation:
Permeability coefficient ¼

dc
V

dt AC

where (dc/dt) (mg mL1 s1) is the change of concentration
under steady state; A (cm2) is the permeation area; V (mL) is
the volume of the receiver compartment; C (mg mL1) is the
initial donor concentration.
Histopathological evaluation of mucosal tissue
Treated and non-treated nasal mucosal membranes were
stored in 10 ml of buffered formalin for histopathological

4
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Table 3. Results of analysis of variance for measured response for EE and VS.

Parameters
For YEE
Regression
Residual
Total
For YVS
Regression
Residual
Total

Degree of
freedom

Sum square
value

Mean square
value

F value

p value

R2 value

5
3
8

1419.67
1.48
1421.15

283.93
0.37
–

575.64

0.0001

0.99

5
3
8

31 715.54
1772.60
33 488.14

6343.11
590.87
–

10.74

0.0394

0.95

EE, percent entrapment efficiency; VS, vesicle size (nm).
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studies. A standard hemotoxylin and eosin-staining method
was used and sections were then examined under light
microscope to detect any change in tissue structure during ex
vivo drug permeation studies (Pund et al., 2013).

Result and discussion
Preparation of ethosomes
Three-level factorial design clearly demonstrated that the
independent variables, i.e. concentration of soya lecithin (A)
and concentration of ethanol (B), demonstrated significant
effects on dependent variables, i.e. percent entrapment
efficiency (EE) and vesicle size (VS) (Table 1). Binomial
equations generated from Design-ExpertÕ Software (StatEase Inc., Minneapolis, MN) are
EE ¼ 61.64 + 13.48A + 4.64B  2.29AB  9.48A2 + 0.038B2,
where positive sign indicates that entrapment efficiency is
directly proportional to both the independent variables A and
B. Literature reveals that the increase in the concentration of
soya lecithin which subsequently increases per cent entrapment efficiency. Lipophilic drugs tend to get easily solubilized in lipid resulting in higher entrapment efficiency (Nava
& Touitou, 2000). Zolmitriptan being lipophilic in nature gets
readily soluble in soya lecithin, which suggests that the
concentration of soya lecithin is the prime determinant for
enhancing entrapment efficiency. Ethanol at the same time
plays a synergistic role in solubilizing lipophilic drugs which
consequently enhance entrapment efficiency of the multilamellar ethosomal vesicles (Fang et al., 2008)
VS ¼ 239:37 þ 51:17A  51B  4:42AB þ 11:94A2 þ 4:44B2 ,

where the positive sign indicates that vesicle size is directly
proportional to A and the negative sign indicates that vesicle
size is inversely proportional relation with B. Results from
equation corroborates with existing literature which suggests
that VS is inversely proportional to the concentration of
ethanol used in the formulation of ethosomes. Reduction of
VS could be due to the ability of ethanol to generate net
negative charge on the surface of ethosomes which subsequently create some degree of steric stabilization of the
dispersion. Ethanol is also known to enhance the solubilization of lipids which aids in decreasing the VS. Equation
further suggests that VS was directly proportional to the

concentration of soya lecithin for which the reason could be
attributed to the tendency of soya lecithin molecules to
coalesce leading to increase in VS and unstability (Fang et al.,
2003; Lopez-Pinto et al., 2005; Maghraby et al., 2005).
Results of ANOVA (Table 3) for measured response
confirm the significance of the model from F value and
p value. Surface response curve and contour plots (Figure 1)
demonstrate the effect of A and B on EE and VS,
respectively. The results showed that optimized formulation
of ZMT-loaded ethosomes demonstrated desirable properties,
i.e. more than 60% entrapment efficiency and vesicle size of
less than 200 nm when compared with other formulations.
The literature advocates that the numerical optimization
provides powerful insights when combined with graphical
analysis. Overlay plot (Figure 2) highlights the area where
varying concentrations of independent variables can be
altered to get optimized results of dependent variables. The
area defined in the graph provides the multiple passes which
offer the best factor levels to simultaneously assure the
feasibility of all operational constraints. Overlay plot
provides the scrutiny of constraints on the process or
formulation.
Evaluation of ethosomes
Optimized ethosomes (E6) showed 171.67 nm vesicle size,
66.33% drug entrapment efficiency, 10 mV zeta potential
(Figure 3), and 0.201 polydispersibility index with spherical
morphology.
Results revealed that vesicle size and entrapment efficiency of ethosomes were directly proportional to the
concentration of ethanol and inversely proportional to the
concentration of soya lecithin used in the formulation.
Ethanol is said to cause modifications in net surface charge
of the system and subsequently causes some degree of stearic
stabilization leading to a decrease in the mean vesicle size
(Lopez-Pinto et al., 2005). Soya lecithin is used as a coating
lipid for formation of ethosomes which supports the statement
that vesicle size increases with an increase in the concentration of soya lecithin (Barupal et al., 2010). Polypropylene
glycol is characterized by a high hydrophobicity and shows
good solvent capability for ZMT due to its related properties,
such as polarity, partition coefficient, and ability to interpenetrate the lipids. It not only acts as humectant but also act
as a penetration enhancer for delivery of drug through nasal
mucosa (Benson, 2005). Zeta potential and polydispersibility
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Figure 1. Contour plots (I and II) and response surface plots (III and IV) showing the effect of independent variables A and B on percent entrapment
efficiency and vesicle size (nm). (A) Concentration of soya lecithin and (B) concentration of ethanol.
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Figure 2. Overlay plot showing the working window for formulation of optimized ethosomal batches.
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Figure 3. Characterization of ZMT-loaded ethosomes, (A) vesicle size (nm), (B) percent entrapment efficiency, and (C) zeta potential (mV). All results
are expressed in mean ± std. dev (n ¼ 3).

index of optimized formulation suggest desirable stability of
the formulation. Zeta potential is considered as the crucial
factor determining the stability of colloidal dispersions.
Balance between the attractive and repulsive forces within
vesicles determines the zeta potential of the colloid. In the

present formulation, both concentrations of ethanol and soya
lecithin were the main determinant in managing the zeta
potential of the nanoethosomes. Ethanol maintains the net
negative charge whereas optimum concentration of soya
lecithin maintains desirable rigidity which avoids aggregation
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Figure 4. (A) Preliminary microscopic image of ZMT ethosomes at magnification of 40 and (B) morphological study of ethosomes by TEM.

Table 4. Results of gelation temperature.

S. no.
1
2
3
4
5
6

Poloxamer
407 (% w/v)

Gelation temperature ( C)

15
16
17
18
19
20

No gelling till 41
No gelling till 40
Viscosity increased at 38
32–33
29–30
26–27

of vesicle and retains stability. Incorporation of propylene
glycol owning to its chemical functional (hydroxyl) groups
induced the transition in the charge of the vesicles to more
negative values resulted in higher zeta potential values
(Verma & Pathak, 2012).
Morphological examination by trianocular microscope
reveals that spherical multilamelar vesicles were further
studied by TEM. TEM micrograph confirms drug-loaded
vesicles with smooth and spherical morphology (Figure 4).
Formation of deformed spherical ethosomes could be due to
the hydrophobic effect leading to the formation of vesicles
when non-polar substances (lipids) and aqueous (ethanol and
water) are kept in contact with each other with external forces
(stirring). The apparent repulsion and the segregation of the
hydrophobic lipids on exposure to water phase lead to the
formation of spherical vesicles which gets deformed due to
the presence of ethanol (Chandler, 2005).
Determination of gelation temperature
Results of gelation temperature (Table 4) indicate that
poloxamer 407 showed optimized gelation temperature of
30–34  C (nasal temperature) (Lindemann et al., 2002) at the
concentration of 18%w/v. Poloxamer 407 is known to exhibit
thermoreversible property due to its negative coefficient of
solubility to block copolymer micelles. It is water soluble
co-polymer of ethylene oxide and propylene oxide and
exhibits monomolecular micelles at low concentrations (up
to 10%) and multimolecular aggregates at higher

Table 5. Effect of mucoadhesive agents on gelation temperature of the
formulations.

Formulation
code
G1
G2
G3
G4
G5
G6
G7

Percent w/v
of poloxamer
407
18
18
18
18
18
18
18

Carbopol
934 (% w/v)

HPMC
K100
(%w/v)

Gelation
temperature
( C)
(mean ± SD)

0.1
0.2
0.3
0.4
–
–
–

–
–
–
–
0.5
1
1.5

34.6 ± 0.46
33.7 ± 0.35
31.33 ± 0.29
28.3 ± 0.52
31.43 ± 1.00
30.07 ± 0.38
27.6 ± 0.36

concentrations (above a critical gel concentration) leading to
the formation of gel (Jones et al., 2003).
Formulation and evaluation of in situ nasal gel of
ethosomal ZMT
Finalized concentration of poloxamer (18%) was used for the
formulation of in situ nasal gel using carbopol 934 (0.2–0.5%
w/v) and HPMC K100 (0.5–1.5% w/v) as mucoadhesive
agents. The effect of mucoadhesive agents on gelation
temperature of the formulations (Table 5) indicates the
change in gelation temperature which is directly proportional
to the concentration of mucoadhesive agents. The effect of the
mixture of carbopol 934 and HPMC K100 with poloxamer
407 (18% w/v) on gel strength, viscosity, gelling temperature,
and mucoadhesive strength (Figure 5) was the main determinant for optimizing concentration of carbopol 934 and
HPMC K100. In situ gel formulations G3 and G6 were
considered as optimized due to the desirable gel strength (25–
50 s), high mucoadhesive strength, and desirable gelation
temperature (30–31  C). Gel strength above 50 s suggests that
the formulated gels were very stiff and may cause nasal
irritation which may subsequently lead to patient noncompliance to dosage (Lin & Sung, 2000). Gelation temperature above 35  C can cause handling and administration
problems leading to loss or drainage of drug from nasal
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Figure 5. Evaluation of formulations for (A) gel strength, (B) viscosity of formulations at sol state (8 ± 2  C), (C) mucoadhesive strength of gel
formulations (dynes/cm2). All determinations are expressed in mean ± std. dev (n ¼ 3).

Table 6. Model fitting for optimized thermoreversible gel formulations (G3 and G6).
Formulation code
Models
Zero (K0)
First (K1)
Higuchi (KH)
Korsemeyer–Peppas (KKP)
Hixson–Crowell (KKC)

ZS

ZPG
2

Parameters

R

14.311
0.327
34.818
29.220,
n ¼ 0.607
0.088

0.82
0.98
0.97
0.99
0.99

G3
2

Parameters

R

9.015
0.170
26.02
13.365,
n ¼ 0.822
0.047

0.97
0.93
0.89
0.99
0.97

G6
2

Parameters

R

5.273
0.116
20.412
16.677,
n ¼ 0.582
0.033

0.68
0.99
0.99
0.99
0.99

Parameters

R2

5.037
0.101
19.206
13.345,
n ¼ 0.648
0.029

0.96
0.99
0.99
0.99
0.99
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cavity, whereas gelation temperature less than 25  C could
cause manufacturing and storage problems.
Although the normal physiological pH of the nasal
mucosa ranges from 4.5 to 6.5, it has the capability to
tolerate pH between in the range of 3–10 (Pujara et al.,
1995). Physicochemical evaluation of gel formulation reveals
that pH of all the optimized formulations was found to be
close to 6.1 ± 0.2 which is tolerable and acceptable for nasal
mucosal permeation studies (Charlton et al., 2007). The drug
content of the gel formulations was determined spectrophotometrically at 281 nm and was found to be in the range
of 98–99%. Viscosity and mucoadhesive strength of gel

In vitro drug release studies
Percent drug release
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100

9

formulations were found to be directly proportional to the
concentration of carbopol 934 and HPMC K100 used in the
formulation. Viscosity confirmed the sol–gel transitions
indicating the liquid formulations at room temperature and
gel form at higher temperature (nasal pH). Carbopol 934 is
chemically a polyacrylate polymer having abundant carboxylic groups which tends to form hydrogen bonding with
nasal mucus membrane leading to an increase in mucoadhesive strength (Belgamwar et al., 2009). Hydrophilic nature of
HPMC may result in an increase in the tortuosity or gel
strength relating to the formation of uneven and tough mess
like gel. HPMC undergoes rapid hydration when exposed to
aqueous medium leading to chain relaxation and thereby
increase in viscous gelatinous layer (Basak et al., 2006).
Higher mucoadhesive strength and gelatin-like structure
might have prolonged drug retention in nasal cavity leading
to subsequently increase in permeation across nasal mucosal
tissue.

80

In vitro drug release and ex vivo permeation studies
drug release from ZMT-loaded thermoreversible
intranasal gel

60

ZS
ZPG
G3
G6

40
20
0
0

10

20

30

Time [Hours]
Figure 6. In vitro drug release studies of gel formulations through
cellophane dialysis membrane. All determinations are expressed in
mean ± std. dev (n ¼ 3).

The release data of gel formulation (Table 6) were kinetically
analyzed by different mathematic models like zero order, first
order, Higuchi, Korsemeyer–Peppas, and Hixson-Crowell
representing goodness of fit in terms of R2 values.
Comparison of cumulative drug release of formulations G3
and G6 (Figure 6) suggests that there was no significant
difference in the drug release from gel formulations consisting
of carbopol 934 and HPMC K100 after 24 h. However, drug
release after 12 h was more in G3 than G6 suggesting that
carbopol gel showed initial burst release which could be due
to the chemical nature of carbopol 934. Nanoethosomal

Figure 7. Ex vivo permeation studies of gel formulations through sheep nasal mucosa. All determinations are expressed in mean ± std. dev (n ¼ 3).
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Figure 8. Histopathological evaluation of sections of sheep nasal mucosa. (A) Mucosal tissue incubated in PBS (untreated), (B) and (C) mucosal tissue
incubated in diffusion chamber (treated) of G3 and G6 formulations, respectively.

formulations (G3 and G6) on comparison with ZS and ZPG
suggest that carbopol and HPMC plays a major role for
sustained drug release. Carbopol 934 in the formulation acts
not only as a mucoadhesive but also as a permeation
enhancer, whereas HPMC K100 shows sustained release
due to its complex mesh-like structure. Diffusion, swelling,
and erosion are the most important rate controlling mechanisms of commercially available controlled release products
(Siepmann & Peppas, 2012).
The permeation study was carried out using the Franz
diffusion cell in which freshly excised goat nasal mucosa was
used as the diffusion membrane. Permeation study (Figure 7)
revealed that in vitro drug release and ex vivo permeation go
hand in hand. Comparison of G3 and G6 with ZS and ZPG
suggests that carbopol and HPMC plays a major role in
mucoadhesion, permeation, and release kinetics. Permeability
co-efficient of gel formulations was found to be 5.92 and
5.9 mg/cm2 min for G3 and G6, respectively.
Poloxamer 407 owning to its chemical and physicochemical characteristics is well known for its release-controlling

properties. Both the formulations, G3 and G6, consist of
poloxamer 407 in the same concentrations which lead to
almost similar permeability co-efficient. Comparison of
permeation profile G3 and G6 with ZS and ZPG formulations
clearly demonstrates that the poloxamer 407 retards release
rate and subsequently permeability co-efficient of drug due to
enhanced micellar structure and gel network. Sustained
release effect of G3 and G6, however, could also be attributed
to the mucoadhesive polymers like carbopol 934 and HPMC
K100 which are well known for delaying drug release from
polymer matrix.
Histopathological evaluation of mucosal tissue
Histopathology studies (Figure 8) of treated and untreated
sheep nasal mucosa suggest that there was negligible
difference in cellular structure of samples. This suggests
that formulated gels containing ethosomes, carbopol 934,
HPMC K100, and poloxamer 407 are non-toxic in nature and
could be used in the treatment of migraine.
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Conclusion

Downloaded by [182.48.226.144] at 19:48 18 January 2016

Three-level factorial design was effectively used for optimization of ethosomal formulation, representing significant
relationship between independent (concentration of soya
lecithin and ethanol) and dependent (percent entrapment
efficiency and vesicle size) variables. Optimized ZMT
ethosomes formulation (E6) showed 171.67 nm vesicle size
and 66.33% drug entrapment efficiency. ZMT-loaded ethosomes were formulated as a thermoreversible gel using
thermoreversible polymer (poloxamer 407) and mucoadhesive
polymers (carbopol 934 and HPMC K100). Depending on the
gelation temperature, optimized gel formulations G3 (containing carbopol 934) and G6 (containing HPMC K100) were
selected, which showed comparatively same release and
permeability profile after 24 h. Overall, ZMT-loaded ethosomal intranasal gel could serve as a better alternative to
existing dosage forms for effective treatment of recurrent
migraine.

Acknowledgements
The authors wish to thank the Management, Yash Institute of
Pharmacy, Aurangabad, Maharashtra India and Dr. Prabhakar
Kore Basic Science Research Center, KLE University,
Belagavi, Karnataka, India, for providing required facilities
to carry out the research work.

Declaration of interest
The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of this article.

References
Bahra A, Gawel MJ, Hardebo J-E, et al. (2000). Oral zolmitriptan is
effective in the acute treatment of cluster headache. Neurology 54:
1832–9.
Barupal AK, Gupta V, Ramteke S. (2010). Preparation and characterization of ethosomes for topical delivery of aceclofenac. Indian J
Pharm Sci 72:528–86.
Basak SC, Jayakumar Reddy BM, Lucas Mani KP. (2006). Formulation
and release behaviour of sustained release ambroxol hydrochloride
HPMC matrix tablet. Indian J Pharm Sci 68:594–8.
Belgamwar VS, Chauk DS, Mahajan HS, et al. (2009). Formulation and
evaluation of in situ gelling system of dimenhydrinate for nasal
administration. Pharm Dev Technol 14:240–8.
Benson HA. (2005). Transdermal drug delivery: penetration enhancement techniques. Curr Drug Deliv 2:23–33.
Bhalerao AV, Lonkar SL, Deshkar SS, et al. (2009). Nasal mucoadhesive
in situ gel of ondansetron hydrochloride. Indian J Pharm Sci 71:
711–13.
Chandler D. (2005). Interfaces and the driving force of hydrophobic
assembly. Nature 437:640–7.
Charlton S, Jones NS, Davis SS, Illum L. (2007). Distribution and
clearance of bioadhesive formulations from the olfactory region in
man: effect of polymer type and nasal delivery device. Eur J Pharm
Sci 30:295–302.
Dirk D, Hanssens Y. (2000). Current and emerging second-generation
triptans in acute migraine therapy: a comparative review. J Clin
Pharmacol 40:687–700.

Intranasal thermoreversible gel of Zolmitriptan nanoethosomes

11

Dowson AJ, Mac Gregor EA, Purdy RA, et al. (2002). Zolmitriptan
orally disintegrating tablet is effective in the acute treatment of
migraine. Cephalalgia 22:101–6.
Elsayed Mustafa MA, Ossama YA, et al. (2006). Deformable liposomes
and ethosomes: mechanism of enhanced skin delivery. Int J Pharm
322:60–6.
Fang YP, Tsai YH, Wu PC, Huang YB. (2008). Comparison of
5-aminolevulinic acid-encapsulated liposome versus ethosome for
skin delivery for photodynamic therapy. Int J Pharm 356:144–52.
Fang JY, Hwang TL, Leu HY. (2003). Effect of enhancers and retarders
on percutaneous absorption of flurbiprofen from hydrogels. Int J
Pharm 250:313–25.
Goadsby PJ, Lipton RB, Ferrari MD. (2002). Migraine-current understanding and treatment. N Engl J Med 346:257–70.
Jain SK, Chourasia MK, Jain AK, et al. (2004). Development and
characterization of mucoadhesive microspheres bearing salbutamol
for nasal delivery. Drug Deliv 11:113–22.
Jones DS, Brown AF, Woolfson AD. (2003). Solute and solvent effects
on the thermorheological properties of poly (oxyethylene)–poly
(oxypropylene) block copolymers: implications for pharmaceutical
dosage form design. J Appl Polym Sci 87:1016–26.
Kewei Y, Delaney JT, Schubert US, Fahr A. (2012). Fast highthroughput screening of temoporfin-loaded liposomal formulations
prepared by ethanol injection method. J Liposome Res 22:31–41.
Lin HR, Sung KC. (2000). Carbopol/pluronic phase change solutions for
ophthalmic drug delivery. J Control Release 69:379–88.
Lindemann J, Richard L, Gerhard R, Tilman K. (2002). Nasal mucosal
temperature during respiration. Clin Otolaryngol Allied Sci 27:135–9.
Lopez-Pinto JM, Gonzalez-Rodriguez ML, Rabasco AM. (2005). Effect
of cholesterol and ethanol on dermal delivery from DPPC liposomes.
Int J Pharm 298:1–12.
Maghraby M, Campbell M, Finnin BC. (2005). Mechanisms of action of
novel skin penetration enhancers: phospholipid versus skin lipid
liposomes. Int J Pharm 305:90–104.
Nava D, Touitou E. (2000). Carriers for skin delivery of trihexyphenidyl
HCl: ethosomes vs. liposomes. Biomaterials 21:1879–85.
Pujara CP, Zezhi S, Michelle RD, Mitra AK. (1995). Effects of
formulation variables on nasal epithelial cell integrity: biochemical
evaluations. Int J Pharm 114:197–203.
Pund S, Rasve G, Borade G. (2013). Ex vivo permeation characteristics
of venlafaxine through sheep nasal mucosa. Eur J Pharm Sci 48:
195–201.
Robert B, Pagonabarraga J, Kulisevsky J. (2009). Individual triptan
selection in migraine attack therapy. Recent Pat CNS Drug Discov 4:
70–81.
Roger Y, Nairn K, Dixon R, Emma S. (2002). Preliminary studies of the
pharmacokinetics and tolerability of zolmitriptan nasal spray in
healthy volunteers. J Clin Pharmacol 42:1237–43.
Sarwa KK, Das PJ, Mazumder B. (2014). A nanovesicle topical
formulation of Bhut Jolokia (hottest capsicum): a potential antiarthritic medicine. Expert Opin Drug Deliv 11:661–76.
Shelke S, Shahi S, Jalalpure S, et al. (2015). Formulation and evaluation
of thermoreversible mucoadhesive in-situ gel for intranasal delivery of
naratriptan hydrochloride. J Drug Deliv Sci Tech 29:238–44.
Shin BK, Eun JB, Soon GC, et al. (2013). Preparation and irradiation of
Pluronic F127-based thermoreversible and mucoadhesive hydrogel for
local delivery of naproxen. Drug Dev Ind Pharm 39:1874–80.
Siepmann J, Peppas NA. (2012). Modeling of drug release from delivery
systems based on hydroxypropyl methylcellulose (HPMC). Adv Drug
Del Rev 64:163–74.
Silberstein SD. (1995). Migraine symptoms: results of a survey of selfreported migraineurs. Headache 7:387–96.
Solomon GD, Cady RK, Klapper JA, et al. (1997). Clinical efficacy and
tolerability of 2.5 mg zolmitriptan for the acute treatment of migraine.
Neurology 49:1219–25.
Verma P, Pathak K. (2012). Nanosized ethanolic vesicles loaded with
econazole nitrate for the treatment of deep fungal infections through
topical gel formulation. Nanomedicine 8:489–96.

JCDP
10.5005/jp-journals-10024-1528

Sushma S Nayak et al

Original research

An in vitro Study to determine the Effect of
Terminalia chebula Extract and Its Formulation on
Streptococcus mutans
1

Sushma S Nayak, 2Anil V Ankola, 3Sharda C Metgud, 4Uday Kumar Bolmal

ABSTRACT
Aim: Many weapons are available in the arsenal of a dental
professional to combat dental caries, which is almost ubiquitously present. From a public health perspective, most of these
weapons are far from being an ideal drug. Hence, there is a
demand for better and effective antibacterial agents. This factor
stimulated the process of the present study. The aim of the
study was to determine the effect of ethanol extract of Terminalia
chebula on Streptococcus mutans.
Materials and methods: Dried ripe fruits of Terminalia chebula
were procured and powdered. Physical tests were done to
estimate purity of the fruit powder. Hydroethanolic and aqueous
extracts were prepared according to standard procedures.
Minimum inhibitory concentration of the extracts was determined
by tube dilution method and confirmed by agar dilution method.
The effect of the hydroethanolic extract on sucrose induced
adhesion, glucan-induced aggregation and on glycolysis of
Streptococcus mutans was also assessed. Preservative, gelling
agent and sweetener were added in suitable quantities to the
ethanol extract, and mouthrinse was formulated. Minimum
inhibitory concentration of the formulation was also determined.
Results: Yield was better in case of aqueous extract. The
Minimum inhibitory concentration of hydroethanolic extract was
determined to be 2.5%. Minimum inhibitory concentration of the
aqueous extract was determined to be 10%. Hydroethanolic
extract of Terminalia chebula (2.5%) inhibited sucrose induced
adherence and aggregation of Streptococcus mutans in vitro.
Conclusion: The mouthrinse formulated from ethanol extract
of Terminalia chebula demonstrated substantial antibacterial
activity and could be used as an effective anticaries agent.
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Clinical Significance: Terminalia chebula mouthrinse can be
effectively used in clinical practice as an anticaries mouthrinse
with additional benefit being that it is safe and economical.
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INTRODUCTION
Oral diseases are among the most prevalent diseases, especially in the developing countries of the world. It has also
been reported that they are the fourth most expensive disease
to treat.1 Taking these aspects into consideration, prevention
of these diseases appears to be the only effective alternative.
Dental caries and periodontal diseases are bacterial infections which are more prevalent as compared to other oral
diseases.1 A number of antibacterial chemicals have been
in use for the prevention and treatment of these oral infections. However, most of them lack the properties that an ideal
antibacterial mouthrinse should possess. These conventional
antimicrobial mouthrinses which are presently available
possess certain drawbacks, like irritation, burning sensation,
alteration of taste and high cost.2,3 Thus, there is a need to
discover compounds that are effective, safe and economical.
In the recent years, the focus of research is on the use
of herbs in the treatment of various diseases. It has been
reported that 80% of drug molecules are natural products
or inspired from natural compounds. Research on herbal
products is gaining attention, mainly because they are economical, effective and exert minimal adverse effects if any. The
rich biodiversity of India has remained untouched as far as
discovery of new chemical entities are concerned.4 Herbs
are finding application in the treatment and prevention of
virtually all diseases including oral diseases.
Among the vast treasure of herbs available, Terminalia
chebula is one such herb which has been commonly used for
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prevention and treatment of various diseases from ancient
times. It is widely available in various parts of South Asian
countries. Terminalia chebula is known as ‘Haritaki’, ‘Alalekayi’ or ‘Harad’. Studies conducted regarding Terminalia
chebula have shown that it exerts wide range of activities like
anti-bacterial, antiviral, antifungal, antioxidant, cytoprotective, hepatoprotective and radioprotective activities.5 Thus,
it would be of interest to study the effect of such a beneficial
herb as a mouthrinse.
Various studies have been conducted to assess the
antimicrobial efficacy of Terminalia chebula on various
microorganisms.5 However, only three studies have assessed the effect of aqueous extract of Terminalia chebula
on Streptococcus mutans.6-8 But, none of the studies conducted till now have assessed the effect of ethanol extract
of Terminalia chebula on Streptococcus mutans. Since
in vitro studies are the preliminary studies done to establish
the efficacy of any antibacterial agent, an in vitro study was
conducted with an aim of determining the effect of Terminalia
chebula extract prepared using two different solvents, on
Streptococcus mutans. Another objective of this study was
to formulate a mouthrinse of Terminalia chebula.
Materials and Methods
The present study was an in vitro experimental study.
Collection of Fruits
Dried ripe fruits of Terminalia chebula were collected from
an ayurvedic pharmacy. They were authenticated by a Professor from Botany Department, RLS College, Belgaum.
The reference number of the authentication certificate is
RLSI/BOT/Consul-65.
The fruits were visually inspected and appropriate ones
were selected. The seeds were removed and the fruit was
ground into coarse powder using a domestic grinder. The
powder was then passed through a sieve.
Preparation of the Ethanol Extract
One hundred gram of powder was weighed and then 70%
ethanol was added. Soxhlet method of extraction was used
to prepare the extract.9 The mass obtained was subjected to
distillation to recover alcohol. It was then kept on water bath
to remove water content from the extract. The extract was
then stored in an air tight sterile glass container.
Preparation of Aqueous Extract
Aqueous extract was prepared by maceration process as
follows: 100 gm of Terminalia chebula powder was weighed
and put in a conical flask. Distilled water was added. Few
drops of chloroform were added. The mix was kept in the
conical flask for a period of 7 days with intermittent shaking

of the mix. After 7 days, the mass obtained was filtered
through a muslin cloth. The filtrate obtained was then placed
in a China dish on a water bath with a conical flask inverted
over it, and the mass was then dehydrated. The opening of
the conical flask was plugged with cotton to avoid external
contamination. A semisolid mass was obtained, which was
stored in an air tight container.9
Analysis of the Extract
Phytochemical analysis of Terminalia chebula fruit powder
was done. Total ash value and acid soluble ash value were
determined to determine the purity of the powder. Alcohol
extractive values were also estimated to determine the yield.9
Determination of Minimum Inhibitory Concentration
Streptococcus mutans culture MTCC 497 was procured from
IMTECH, Chandigarh. Brain Heart Infusion broth was used
for culturing the MTCC 497 Streptococcus mutans strain.
Minimum inhibition concentration of aqueous extract and
ethanol extract was determined using tube dilution method
as per the standard protocol. Standardization of inoculum
was done by using 0.5 Mc Farland turbidity standard which
is equivalent to 105 CFU/ml. The dilutions used were 1:10,
1:5, 1:2.5, 1:1.25 and 1:0.625. Equal volumes of standardized Streptococcus mutans suspension was added to all
the tubes. Equal volume of Brain Heart Infusion broth and
Streptococcus mutans suspension was used as control. It was
incubated at 37°C for 24 hours anaerobically. The readings
were taken in comparison with the control tube. The final
dilution where no turbidity was observed and considered
as the minimum inhibitory concentration (MIC value) of
the antimicrobial agent. MIC was also confirmed with agar
dilution method.10
Adherence Inhibition
The effect of ethanol extract of Terminalia chebula was
assessed using Brain Heart Infusion broth containing 2%
sucrose and 0.1 ml of the extract, which was inoculated
with the overnight culture of Streptococcus mutans. The
concentrations tested include 10, 5, 2.5, 1.25 and 0.625% of
the ethanol extract of Terminalia chebula. Control consisted
of cells grown in BHI broth containing sucrose and 0.1 ml
PEG 400. The tubes were inclined at 30° and incubated at
37°C for 24 hours. The adherent and nonadherent bacteria
were quantified spectrophotometrically.6
Inhibition of Glycolysis
Two milliliter of saliva was collected, and 0.1 ml 5% glucose
and 0.1 ml of various concentrations of the extracts ranging from 0.625 to 10% were added. Saliva/glucose mixes
containing 0.1 ml PEG 400 was used as control. The pH
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of the saliva/glucose mixes was recorded immediately, at
60-minute intervals.6
Inhibition of Glucan-induced Aggregation
Streptococcus mutans cells were incubated with from 0.625
to 10% of the extract for 1 hour at 37° and then dextran was
added. Streptococcus mutans cells were incubated for 1 hour
with PEG 400 and this acted as control. The culture fluid
was then scored for cell aggregation.6
Formulation of Mouthrinse
Based on MIC value, formulation of mouthrinse was done.
Sodium carboxymethylcellulose, methyl paraben and
mannitol were used in suitable quantities and the mouthrinse
was prepared. MIC was determined again. Same quantities
of sodium carboxymethylcellulose, methyl paraben and
mannitol were added to distilled water and its’ effect on
MTCC 497 was determined.
Results
Phytochemical analysis revealed that the fruits contained
tannins, glycosides, amino acids. The yield was high when
water was used as solvent. Ash value was found to be within
the limits specified by API (Table 1).
Minimum inhibitory concentration was 10% for aqueous
extract and 2.5% for ethanol extract of Terminalia chebula
fruit. Minimum inhibitory concentration of the formulated
mouthrinse was 2.5% .
Maximum inhibition of adherence (45%) as compared to
control was observed at a concentration of 2.5% of ethanol
extract (see Table 1).
Maximum inhibitory effect on glycolysis of Streptococcus mutans was observed at concentration of 1.25% of
ethanol extract (Table 2).
Maximum inhibitory effect on aggregation of Streptococcus mutans was observed at concentration of 2.5% of
ethanol extract (Table 3).
A total of 1.25% ethanol extract showed maximum
inhibition of glycolysis of Streptococcus mutans immediately after contact with extract and 60 minutes after contact
(Table 4).
A total of 2.5% of the ethanol extract had a strong effect
on inhibition of aggregation of Streptococcus mutans. There
were minute clumps of cells of Streptococcus mutans, when
2.5% of the extract was used. When 5, 1.25 and 0.62% of the
extract was used easily visible clumps of cells of Streptococcus mutans were formed (Table 5).

Table 1: Extractive and ash values of Terminalia
chebula fruit powder
Extractive values
a Alcohol soluble extractive value
b Water soluble extractive value
Ash value
a Total ash value
b Acid insoluble ash value
c Water soluble ash value

3% w/w
3.5% w/w
4% w/w

Table 2: Minimum inhibitory concentration of aqueous, hydroethanol extract and mouthrinse formulated from Terminalia
chebula
Extract/mouthrinse
a
b
c

Aqueous extract
Hydroethanol extract
Formulated mouthrinse

Minimum inhibitory
concentration
10%
2.5%
2.5%

Table 3: Inhibition of adherence of Streptococcus mutans to glass
surface, by ethanol extract of Terminalia chebula (mean value of
3 readings in percentage
Concentration
Control
10% extract
5% extract
2.5% extract
1.25% extract
0.625% extract

Inhibition of adherence
0
33.4 ± 2.2
37.51 ± 1.8
45.85 ± 2.3
20.85 ± 1.4
22.93 ± 1.8

Table 4: Effect of ethanol extract of Terminalia chebula on
glycolysis of Streptococcus mutans (mean pH of 3 readings)
Concentration

Before
addition of
extract

Control
10% ethanol extract
5% ethanol extract
2.5% ethanol extract
1.25% ethanol extract
0.625% ethanol
extract

7.5 ± 0.02
7.5 ± 0.03
8.0 ± 0.01
8.0 ± 0.02
8.0 ± 0.03
8.5 ± 0.01

Immediately
after
addition of
extract
7.5 ± 0.01
7.5 ± 0.01
8.0 ± 0.01
8.5 ± 0.01
9.0 ± 0.02
8.5 ± 0.01

60 minutes
after
addition of
extract
7.5 ± 0.01
7.5 ± 0.01
8.0 ± 0.02
8.5 ± 0.01
9.0 ± 0.02
8.0 ± 0.01

Table 5: Effect of ethanol extract of Terminalia chebula on
aggregation of Streptococcus mutans
Concentration
Control
10% ethanol extract
5% ethanol extract
2.5% ethanol extract

Discussion

1.25% ethanol extract

Terminalia chebula belongs to the family Combretaceae. It
has been considered to be ‘King of medicines’.5 Since it is

0.625% ethanol extract
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48% w/w
64% w/w

Extent of aggregation
Very large flocculent clumps in clear
supernatant fluid
Well-defined clumps of cells in clear
supernatant fluid
Easily visible small clumps of cells in
turbid fluid
Visible minute clumps of cells in
turbid fluid
Easily visible small clumps of cells in
turbid fluid
Easily visible small clumps of cells in
turbid fluid
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believed to have originated from ambrosa, it is known to possess immense medicinal power. It is a moderate sized or large
tree found throughout India, chiefly in deciduous forests and
areas of light rainfall, but occasionally also in slightly moist
forests, up to about 1500 m elevation; through-out India,
flowers appear from April to August, and fruits ripen from
October to January. Its leaf, bark and fruit have been widely
used for medicinal purpose. The only contraindication is its
systemic intake in pregnancy, dehydration, weak digestion
and heat stroke conditions.5,12
The contents of the fruit are tannins, anthraquinones and
polyphenolic compounds.12 Tannins have been assigned a
number of activities including stimulation of phagocytic
cells, host mediated tumor activity and a wide range of antiinfective actions. They have been traditionally used against
inflammatory conditions of the oral cavity.11
Terminalia chebula fruit was selected for the study as
it is rich in tannins (containing about 30-40% tannins). It
has been reported that tannins demonstrate considerable
antibacterial activity.
The most commonly used solvents in investigation of
antimicrobial activity of plants are methanol, ethanol and
water.13 However, methanol is toxic and hence was not used
in the present study. In the present study, two solvents were
compared, water and 70% ethanol. Ethanol was used as
solvent as most of the tannins are soluble in ethanol. Thirty
percent water was added to ethanol so that hydrolyzable
tannins are also dissolved into it. Combination of solvents
helps to obtain the best solvent system.14 It has also been reported that plant extracts from organic solvent give more consistent antimicrobial activity as compared to water extracts.13
The yield of Terminalia chebula using ethanol and water
as solvent was compared by determining the extractive values.
Yield is estimated by weighing a fixed small quantity of fruit
powder and solvent and preparing the extract. The amount
of extract obtained is weighed. The extract obtained by
both methods is then compared. Extractive values are used
as a means of evaluating drugs, the constituents of which
are not readily estimated by other means.9 In the present
study, it was observed that the yield was more when water
was used as solvent. The total ash value, acid insoluble ash
value and water soluble ash value of the drug were in the
range recommended by API thus indicating that the purity
of the drug used was in acceptable limit.
Various procedures of extraction exist which include
maceration with agitation, percolation or continuous extraction (e.g. in Soxhlet extractor). Soxhlet extraction method
was used to prepare extract in the present study. This extraction method has been reported to be more efficient as the
crude drug sample is continually exposed to fresh solvent.11

The minimum inhibitory concentration of the extracts was
determined using dilution method as it has been reported to
be more sensitive and is able to distinguish between bacteriostatic and bacteriocidal effects and is used for quantitative
determination.10,11
Phytochemical analysis of the fruit powder in the present
study revealed the presence of constituents like tannins,
glycosides and amino acids. The antibacterial activity of
the extract and the formulated mouthrinse may be attributed
to tannins.
In the present study, the MIC of aqueous extract determined was 10%, whereas the previous studies have reported
MIC of 6%.6,7 The difference could be due to the variation
in the fruit used in the studies or variation in the extraction
preparation procedures. The MIC of ethanolic extract in the
present study was 2.5%. To the best of author’s knowledge,
this is the only study which has determined the effect of ethanolic extract on Streptococcus mutans. Since ethanol which
is a more polar compound was used as solvent, higher quantities of tannin would have dissolved and this could have led
to inhibition of the micro-organism at lower concentration.
It has also been various variables that influence the quality of
herb which include climatic conditions under which the plant
grows, choice of extraction methods and antimicrobial test
reported that there are methods14,15 Variation in extraction
procedures like length of extraction period, solvent used,
pH, temperature, particle size and solvent-to-sample ratio
also influences the quality of the extract. These factors also
could have led to variation in the results of the present study
and previous researches.
In the present study, mannitol was used as sweetner in
the formulation of Terminalia chebula mouthrinse. This
was chosen as other sweetners, like xylitol, sorbitol exert
anticariogenic effect by acting on Streptococcus mutans.16
Methyl paraben was used as preservative and sodium
carboxymethylcellulose was used to provide viscosity to
the mouthrinse. These agents were tested for their effect on
Streptococcus mutans and it was observed that these agents
did not inhibit the growth of Streptococcus mutans thus
attributing the antimicrobial activity of the formulation to
Terminalia chebula.
Mannitol, sodium carboxymethylcellulose and methyl
paraben was added to distilled water and its effect on Streptococcus mutans was assessed. The growth of Streptococcus
mutans was not inhibited by this mixture, thus showing that
the effect exerted by the formulated mouthrinse is solely due
to the herb. Terminalia chebula exerts a bactericidal effect
on Streptococcus mutans.
It has been reported that Streptococcus mutans cause
dental caries by metabolizing fermentable sugars by glyco-
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lysis. The end product of glycolysis is acids. Acid helps in
demineralizing the tooth structure. Streptococcus mutans
produce extracellular polysaccharide or glucans which help
in adherence to tooth structure and also in aggregation.17
This is a major requisite in caries process otherwise the
bacteria would be swept away by salivary flow. Hence, the
effect of the extract on these three major factors have been
studied. Ethanolic extract of Terminalia chebula inhibited
sucrose mediated adherence of Streptococcus mutans to glass
surface and also on their aggregation. Maximum inhibition
of adherence and aggregation was observed at the minimum
inhibitory concentration; however, there was a reduction in
the effect as the concentration decreased below the minimum
inhibitory concentration. Concentrations of extract above the
minimum inhibitory concentration also demonstrated inhibition of adherence and aggregation of Streptococcus mutans;
however, it was lower than that observed at the minimum
inhibitory concentration, but higher than concentrations
below the minimum inhibitory concentration. The reason could
be that the concentration of 2.5% may be bactericidal whereas
the other concentrations might be bacteriostatic. The effect
of the extract on glycolysis of Streptococcus mutans was
also assessed. It was observed that there was higher increase
in pH which remained so even after 1 hour at a concentration of 1.25%. Minimum inhibitory concentration showed
relatively lesser inhibition of glycolysis than concentration
of 1.25%, however, the difference was less. Inhibition of
glycolysis could be due to inhibitory effect of tannin on
glucosyl transferase enzyme in Streptococcus mutans.18
The present study indicates that ethanolic extract of
Terminalia chebula shows considerable antibacterial activity
and thus may prove to be an effective anticaries mouthrinse.
Semisynthetic modifications or combination of herbal and
conventional antimicrobial mouthrinse of the herb can also
be attempted.
Further in vivo studies need to be conducted to determine
the effectiveness of ethanolic extract of Terminalia chebula
in human subjects. Also, studies are needed to compare the
effect of Terminalia chebula with standard antimicrobials
like fluoride and chlorhexidine.
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An ultra high performance liquid chromatographytandem mass spectrometry method for the
quantiﬁcation of linagliptin in human plasma
Nagaraj Kumar Nannapaneni,ab Sunil S. Jalalpure,*a Rajendraprasad Muppavarapub
and Sunil Kumar Sirigirib
A simple, rapid, sensitive, reliable and selective ultra high performance liquid chromatography (UHPLC)tandem mass spectrometry (MS/MS) method was developed for the quantiﬁcation of linagliptin (LGN) in
human plasma. LGN and its deuterated internal standard (IS) LGN-d4 were extracted from a low-plasma
sample (volume: 300 mL) by a simple liquid–liquid extraction protocol. Eﬃcient estimation of the analyte
and IS at a mean retention time (RT) of 1.75 and 1.74 min respectively, with a rapid 3.5 min run time per
sample was chromatographically established on a Gemini C18 (100 mm  4.6 mm, 3 m) column under
simple isocratic elution conditions, using a mixture of 10 mM ammonium formate : methanol [20 : 80 (v/
v)] delivered at a ﬂow rate of 0.5 mL min1. Following the separation of the compounds, protonated
precursor / product ion transitions were monitored for LGN (m/z: 473.3 / 420.1) and IS (m/z: 477.5
/ 424.3) on a triple quadrupole mass spectrometer, operating in a multiple reaction monitoring (MRM)
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mode. The most recent regulatory guidelines were adopted during the method validation. The method
demonstrated very good analyte and IS recovery (not less than 71.0%), precision (#8.6% CV), accuracy
(range: 86.7% to 95.6%) and linearity (r > 0.99) across a clinically relevant LGN plasma concentration
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range: 50.3 to 12 115.5 pg mL1. The validated method was successfully applied to pharmacokinetic
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study samples for measuring linagliptin plasma levels.

1

Introduction

An astonishing gure of 415 million people are diabetic with an
estimated health expenditure reaching USD 673 billion in 2015,
and a dramatic increase to 642 million people could be possible
by 2040, if the same trend continues. Up to 91% of aﬀected
adults have type 2 diabetes and are based in high income
countries.1 DPP-4 (dipeptidyl peptidase-4) inhibitors, a relatively new class of blood glucose lowering drugs, acts by stimulating insulin secretion through the degradation of glucagon
like peptide-1 (GLP-1), an endogenous substance2 and they are
well tolerated as their adverse eﬀect prole matches a placebo.3
Linagliptin (LGN) is an orally active and competitive DPP-4
enzyme inhibitor with a xanthine based chemical structure4,5
used to treat type 2 diabetics who failed to achieve glycemic
control with metformin alone.6 It is approved in US, Europe,
Japan and other countries7,8 and administered as a single drug
as a once daily 5 mg dose in adults or in combination with
metformin as a twice daily dose.9 LGN exhibits a similar
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pharmacokinetic (PK) prole in healthy subjects and in type 2
diabetics. Peak plasma levels (Tmax) were achieved approximately 1.5 hours aer administration of a single 5 mg tablet (in
healthy subjects) with a maximum plasma concentration (Cmax)
of 8.9 nmol L1 and resulting area under curve (AUC) of 139
nmol h L1. Its absolute bioavailability is 30% and it exhibits
concentration dependent plasma protein binding.10
Extensive literature is available on LGN human PK/clinical
studies, performed either alone7,11–16 or in combination17–21
with various other drugs. However, to the best of our knowledge, scientic reports on the optimized bioanalytical method
for measuring LGN with full validation while addressing
essential method details required for reproducing the results is
lacking. These studies reporting respective LC-MS/MS methods
provide only incomplete methodological details (refer to
Section: 3.4) for linagliptin determination in human plasma
samples16–18,20 or in both human plasma and urine
samples12–15,19,21 with 13C3 labelled IS.12–16,18–21 One of these
methods,15 simultaneously measured both LGN and the main
inactive metabolite of LGN (CD 1790) in a single analytical run.
For the measurement of LGN, these methods vary in sensitivity
(range: 0.049 to 0.25 ng mL1, 1 ng mL1 of LGN ¼ 2.116 nM
(ref. 19 and 20)), upper limit of calibration curve (range: 49.14 to
250 ng mL1), volume of plasma sample (range: 50 mL to 150
mL), retention time and run time (50 min and 70 min
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respectively with gradient elution), and all of these methods
adopted the expensive Solid Phase Extraction (SPE) technique
for sample purication. Further it is important to note that
none of these methods neither comprehensively reported
method validation experiments with results nor followed the
latest regulatory guidelines for method validation.22–24
It is essential to establish a reliable bioanalytical method
with complete validation for PK and bioequivalence [BE] in
a study intended for regulatory submission. Therefore in view of
the unavailability of suﬃcient literature for LGN estimation in
biological samples, we aimed to develop a simple, sensitive,
selective, high throughput and reliable bioanalytical method
with full quality validation conducted as per the most recent
version of regulatory guidelines.22–24

2 Experimental
2.1

Materials and reagents

Both LGN working standard (purity, 98.26%) and LGN-d4, IS
(purity, 98.39%) (Fig. 1), were procured from Clearsynth Labs
Ltd. (Mumbai, India). Methanol, water, ethyl acetate [HPLC
grade], ammonium formate (extra pure grade), ammonia solution and formic acid [EMPARTA grade] was procured from
Merck specialities Pvt. Ltd. (Mumbai, India). K2EDTA (dipotassium ethylene diamine tetra-acetic acid) healthy human
control plasma (including the haemolyzed and lipemic nature)
was obtained from Deccan Pathology Labs, Hyderabad.
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The primary stock solutions (PSS) of LGN and LGN-d4
were prepared in methanol (0.5 mg mL1 and 0.4 mg mL1
respectively) and stored in a refrigerator at 2–8  C. When
required, freshly prepared ISS (intermediate stock solutions)
from PSS, using diluent [mixture of methanol–water (50 : 50,
v/v)] at 50 000 ng mL1 for LGN and at 4000 ng mL1 for IS.
CC/QC spiking solutions were prepared in appropriate
concentration ranges from the analyte ISS using same
diluent.
2.3 Preparation of calibration curve standards (CC’s) and
quality control samples (QC’s)
8 CC standards [50.3 (LLOQ-lower limit of quantitation), 114.5,
318.0, 1325.3, 4016.2, 6693.8, 10 298.1 and 12 115.5 pg mL1
(ULOQ-upper limit of quantitation)] and 4 level QC samples
[50.6 (LLOQ QC), 142.8 (low QC or LQC), 4760.3 (middle QC or
MQC) and 9520.6 (high QC or HQC)] were prepared by spiking
screened blank K2EDTA human plasma with respective CC/QC
spiking solutions at 2% v/v. LGN-d4 working solution was
prepared freshly (from PSS) as and when required at 40 ng mL1
using the diluent mentioned above. Multiple CC’s, QC’s, standard blanks (blank plasma without spiking analyte and IS) and
zero samples (blank plasma spiking with 50 mL LGN-d4 working
solution during sample processing) in 0.4 mL quantity were
aliquoted into pre-labelled polypropylene vials and stored in the
deep freezer at (70  15  C and 20  5  C) for conducting
various validation parameters.
2.4

2.2

Preparation of mobile phase buﬀer and stock solutions

0.31 g of ammonium formate (mobile phase buﬀer) was
weighed into a reagent bottle containing 500 mL of HPLC water
and mixed before ltration with a 0.22 m lter.

Fig. 1 Chemical structure of (A) linagliptin, molecular weight: 472.54 g
mol1 and (B) linagliptin-d4, molecular weight: 476.57 g mol1.
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Instrumentation and LC-MS/MS conditions

The analysis was performed on UHPLC system [(Shimadzu,
Kyoto, Japan) consisting of a binary pump – LC Nexera X2 LC 30
AD, degasser – DGU 20 A 5R, an auto sampler – Nexera X2 SIL
30ACMP and a column oven – Prominence CTO 20AC], interfaced with an API 4000 triple quadrupole (AB SCIEX, Singapore)
tandem mass spectrometer, internally equipped with an electrospray ionization (Turbo v™) source. A nitrogen generator
(Peak scientic, INFINITY 1031) was used to provide high purity
nitrogen for the mass spectrometer. The chromatographic
prole for the analyte and IS [RT at 1.72 (0.30) and 1.71 (0.30)
min respectively with a run time of 3.5 min] was acquired with
an isocratic mobile phase [a mixture of 10 mM ammonium
formate : methanol [20 : 80 (v/v)] that was degassed ultrasonically for 5 min using an ultrasonic bath (HWASHIN TECH) and
delivered at a ow rate of 0.5 mL min1 on to a Gemini 3 m, C18,
100 mm  4.6 mm (Phenomenex) column, maintained at 35  1

C, while injecting a sample volume of 20 mL. Only 30% of the
eluent from the column exit was split into the mass ionization
source to facilitate MRM (multiple reaction monitoring) quantication (in positive ion mode) at the common optimized
source and compound specic parameters, for both LGN and
LGN-d4 with the resulting precursor to product ion transitions
observed at m/z: 473.3/420.1 and 477.5/424.3 respectively
(Fig. 2). The ion source temperature and spray voltage was
maintained at 500  C and 5500 V respectively and quadrupoles
Q1 and Q3 were set on unit resolution with a dwell time of 200
ms for each mass transition. GS1 (nebulizer gas), GS2 (turbo
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gas), curtain and CAD (collision associated dissociation) gas
source parameters were set at 40, 45, 40 and 6 psi, respectively.
Compound dependent parameters, viz. DP (declustering
potential), CE (collision energy), EP (entrance potential) CXP
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(collision cell exit potential), were set at 90, 31, 10 and 13 V
respectively. Instrument management and data acquisition was
performed using Analyst soware version 1.6.2 (AB Sciex,
Singapore).

Product ion mass spectra of protonated (A) linagliptin (m/z: 473.3 / 420.1, scan range: 100–500 Da) and (B) linagliptin-d4 (m/z: 477.5 /
424.3, scan range: 50–600 Da) in ESI mode.

Fig. 2
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2.5

Protocol for sample extraction procedure

A simple LLE (liquid–liquid extraction) method was followed for
isolating both the analyte and the IS from the plasma sample.
Each 0.3 mL aliquot from the CC standard, QC sample, standard blank, zero sample and unknown subject sample was
spiked with 50 mL of LGN-d4 IS working solution (except for the
standard blank sample) followed by vortex mixing and the
addition of 0.4 mL extraction buﬀer [10% v/v ammonia solution
in water]. The resulting sample content was rst vortex mixed
followed by the addition of 2.5 mL of the extraction solvent
(ethyl acetate), then further mixed on a vibramax reciprocating
shaker for 20 min at 2000 rpm before undergoing centrifugation
for 10 min (3500 rpm at 5  C) on an Eppendorf 5810 R
(Eppendorf, Germany) centrifuge machine. Two (2.0) mL of the
supernatant organic layer obtained post centrifugation was
evaporated to dryness under nitrogen gas (Rapid 50, Crescent
Scientic India) at 50  C. The dried residue was reconstituted
with 400 mL of the mobile phase (reconstitution solution) and
the reconstituted sample, aer vortex mixing was loaded into
the autosampler vials of the UHPLC system for injection of 20
mL of solution onto the column.
2.6

Method validation

Method validation was performed in accordance with the most
recent version of the US-FDA, EMA and ANVISA guidelines.22–24
The precision (P) of the method was expressed in terms of % CV
(coeﬃcient of variation), calculated as the ratio of standard
deviation/mean. Accuracy (A) was dened as: percent diﬀerence
of mean observed value from nominal value, expressed as %
nominal or calculated concentration/nominal concentration 
100. Eight point calibration standards and four level QC
samples at appropriate level (refer, Section 2.3) in replicates
were used for establishing the majority of the validation
experiments described below.
2.6.1 System suitability. A mixture of aqueous samples
containing LGN at MQC level and IS at working concentration
levels, was injected in six replicates to check the precision in the
peak area ratio (#5.0% CV) and retention time (#3.0% CV). It
was performed each day during method validation.
2.6.2 Autosampler carryover. This was assessed along with
the aqueous and extracted LLOQ samples by subsequently
injecting the reconstituted solution and extracted standard
blank aer the aqueous and extracted ULOQ standard.
2.6.3 Selectivity. Established with 10 diﬀerent matrix lots of
K2EDTA plasma (6 normal and 2 each of hemolytic and lipemic). The acceptability criteria used to assess method selectivity
was: interfering peak response at RT of analyte and IS in each lot
standard blank sample (without analyte and IS) should be
#20.0% and #5.0% respectively from LLOQ response of corresponding lot.
2.6.4 Specicity. Evaluated (using the same interference
criteria build for selectivity) by injecting replicates of (1) standard blank, (2) concomitant blank [blank with concomitant
medication at concentration equivalent to Cmax for nicotine,
caﬀeine, cetrizine, domperidone, ranitidine, acetaminophen,
diclofenac, ibuprofen, and metformin and (3) zero sample, by
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comparing the interference at RT of analyte and IS in 1 and 2
and RT of analyte in 3 with mean LLOQ sample response.
2.6.5 Sensitivity. Established by processing and analyzing
six LLOQ samples which were part of the P & A batch, where the
analyte (LGN) peak response should be quantiable, reproducible and discrete with dened precision (#20.0%) and
accuracy (20%), while the average signal to noise ratio (S/N)
should be $5.
2.6.6 Analyte recovery. Determined in six replicates at LQC,
MQC and HQC level by comparing the mean peak area of the
analyte in extracted samples (analyte spiked before sample
extraction) against the mean peak area of the analyte in post
extraction samples (analyte spiked aer sample extraction).
Precision at each QC level should be within 15.0% and global
recovery (average mean recovery of 3 QC’s) should not be more
than 115.0%.
2.6.7 IS recovery. Evaluated at MQC level of analyte (n ¼ 6)
by comparing the mean peak area of IS in the extracted samples
with that of the post extraction samples where the % recovery
should not be more than 115.0% (#15.0% CV).
2.6.8 Matrix eﬀect by evaluating matrix factor (MF). 10 lots
of screened plasma including two lots each of hemolytic and
lipemic were evaluated to determine the MF for analyte and IS
(calculated by the individual peak area in the presence of matrix
ions/mean peak area in absence of matrix ions) and IS
normalized MF (calculated by MF of analyte/MF of IS). Post
extraction samples for each lot at concentrations equivalent to
HQC and LQC were injected along with 6 replicate injections of
aqueous samples with the same concentration. % CV for IS
normalized MF at each QC level should be #15.0%.
2.6.9 Dilution integrity. Conducted by using six dilution
integrity quality control samples of analyte with a concentration
(19 834.7 pg mL1) equivalent to 1.6 times of ULOQ were diluted
5 fold with previously screened plasma and analyzed along with
three P & A batches on a with-in and between-run basis.
2.6.10 Linearity, precision and accuracy (P & A). 3 P & A
batches were analyzed on two diﬀerent days to determine
linearity, P & A of the method, where each batch was organized
in following sequence: aqueous standard (MQC level), reconstitution solution or mobile phase, standard blank, zero
sample, 8 CC standards and 6 replicates of QC’s at HQC, MQC,
LQC and LLOQ QC level. Residual square means for each CC
standard were calculated in the presence of weighing factors i.e.
‘none’, 1/x & 1/x2 to select the appropriate factor which gives the
minimum mean residual. Batch should be accepted when each
CC standard back calculated concentration would lie within
15.0% of its nominal concentrations except for LLOQ (within
20.0%). At least 75% of the total CC standards, including the
ULOQ and LLOQ, should comply with this criteria and the
resulting coeﬃcient of correlation (r) of curve should be $0.98.
Within-run and between-run P & A was established where
precision should lie within 20.0% CV for LLOQ QC and within
15% CV incase of other QC’s. The accuracy for LLOQ QC should
be with in 20.0% (from their nominal concentrations) and for
other QC’s, it should be within 15.0%. At least 67% of overall
QC samples and 50% at each QC level should meet this
criterion.
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2.6.11 Auto sampler re-injection reproducibility. Evaluated
by re-injecting accepted P & A batch aer storing samples in
auto sampler temperature (10  1  C). This batch should meet
acceptance criteria as described above for P & A.
2.6.12 Ruggedness of the method. Was performed by
a diﬀerent analyst (who was not involved in previous analysis)
on two separate batches covering HQC, MQC and LQC levels,
where one batch was analysed using a diﬀerent column of the
same make and the other batch with diﬀerent equipment of
same conguration.
2.6.13 Stability studies. Conducted to assess the stability of
analyte and IS in stock solutions and stability of analyte in
plasma sample.
Stock solutions stability. Comprising of short term stock
solution stability (STSSS) and long term stock solution stability

Paper

(LTSSS) for the analyte (LLOQ and ULOQ level) and IS (working
concentration level), by comparing the mean peak area of the
stability stock with comparison stock, determined by injecting
six replicates.
In the case of STSSS, the primary stock kept at 25  5  C was
assigned as stability stock and the corresponding stock
retrieved from refrigerated conditions (2–8  C) was assigned as
the comparison stock. For LTSSS, the respective stocks prepared
from fresh weighing was designated as comparison stock vs. the
corresponding stock which was stored at 2–8  C in the refrigerator and retrieved for analysis, was designated as stability
stock.
The stock solution was considered stable if the mean peak
area of the respective stability sample was within 10% (90–
110%) from the mean peak area of the corresponding

Fig. 3 UHPLC-MS/MS/MRM ion extracted plasma chromatograms for (A) standard blank (without spiking analyte and IS) (B) zero sample (spiked
with only IS – 50 mL of 40 ng mL1 solution) (C) LLOQ (50.3 pg mL1) and (D) post dose subject sample (spiked with IS – 50 mL of 40 ng mL1
solution) at 2.5 hours. In each ﬁgure, the left panel represents linagliptin and the right panel shows linagliptin-d4.
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comparison sample, while meeting the precision criteria of
#15% for both stability and comparison samples.
Stability studies in the plasma sample. Bench top stability
(BTS), freeze thaw stability (FTS), dry extract stability (DES),
stability of extract (SE), long term stability (LTS), stability of
analyte in K2EDTA blood (SAB) were conducted at LQC and
HQC level in 6 replicates, where the respective stability sample’s
mean back calculated concentrations (calculated using freshly
spiked CC’s) were compared to that of nominal concentrations
(excepting SAB) with common P & A acceptance criteria of
15.0%.
BTS samples were kept on the bench at ambient temperature
(25  5  C) before processing for analysis. FTS was determined
aer freezing the samples in deep freezer at 70  15  C and
20  5  C for a minimum period of 12 hours and then
completely thawed at ambient temperature in a water bath. DES
was conducted (since sample processing involve evaporation
step) aer storing dried extract samples in refrigerator (2–8  C).
SE was performed (aer immediate reconstitution with mobile
phase) at ambient (25  5  C) and at refrigerator (2–8  C)
temperature. LTS was evaluated for samples stored in the deep
freezer at 20  5  C and 70  15  C.
SAB was studied separately at ambient (25  5  C) and ice
water bath (10  3  C) conditions, comparing the mean peak
area ratio (analyte/IS) of these stability samples with freshly
prepared comparison samples.
2.6.14 Batch size experiment. 30 QC samples each from
LLOQC, LQC, MQC and HQC were analyzed against the
prepared CC standards under a separate P & A batch. These QC
samples were earlier prepared and stored at 70  15  C in the
deep freezer until analysis. This batch was considered acceptable when it meets the same acceptance criteria set for P & A
experiment.
2.7

Application of the method to biological samples

Successfully validated method was subjected to measure
plasma linagliptin concentrations of 12 healthy adult male
Indian subjects whose samples previously collected for PK study
(conducted in compliance with the relevant laws and as per
ICH-GCP norms aer approval from the Maarg independent
ethics committee, Secunderabad, India. Informed consent was
obtained from the study participants) aer administration of
single 5 mg tablet under fasting conditions.

3 Results and discussion
3.1

Method development

To fulll the objective of developing a simple, sensitive, selective, rapid, and reliable bioanalytical method of LGN estimation
in human plasma using the LC-MS/MS method, a thorough
review of the collective literature on LGN; from physicochemical,8,10,25 pharmacokinetic aspects8,10 and reported bioanalytical
methods7,11–21 contributed a vital role towards the development
process which included a selection of appropriate
chromatographic-mass spectrometric conditions and extraction
protocols before optimization.
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3.1.1 Optimization of mass spectrometric conditions.
Development began by tuning the triple quadrupole mass
spectrometer by separately injecting 100 ng mL1 solution
(prepared in methanol : water 80 : 20 v/v and injected at a ow
rate of 10.0 mL min1 using an infusion pump) of LGN and LGNd4 into the ionization source, to determine their respective Q1
mass of the parent ion and Q3 mass of the product ion (Fig. 2)
and to generate the optimal source and compound specic
parameters as explained in Section 2.4. For the analyte and IS,
mass parameters were tested initially in both positive and
negative ionization modes. MRM method in positive ion mode
was implemented in the optimized method since it gave
a consistent mass response where the observed precursor to
product ion mass transition of LGN matches with the earlier
literature.15
3.1.2 Selection of the IS. In agreement with the literature23,26,27 it was decided to use an isotopically labeled and stable
IS (LGN-d4) in order to minimize the variations in analyte
quantication, and to obtain a similar RT and extraction
recovery as LGN. Though previous methods adopted 13C3
LGN,12–20 this was not used due to its unavailability from
authorized commercial sources and custom synthesis would be
time consuming and very expensive.
3.1.3 Optimization of the UHPLC conditions. Because of
the UHPLC platform involved in the method and to achieve
faster analysis of the analyte and IS (with reproducible chromatography accomplishing a well dened base line with separated symmetric peaks and consistent RT’s), short length C18
columns in combination with an isocratic mobile phase with
diﬀerent proportions of volatile buﬀers and minimal possible
consumption of the organic solvents28,29 suitable for mass
analysis were tested. C18 columns studied were: Beta 150  4.6
mm, 5 m, Gemini 100  4.6 mm, 3 m, Gemini 50  4.6 mm, 3 m
(Phenomenex), Zorbax SB 75  4.6 mm, 3.5 m in combination
with the following eluting systems: MEOH (methanol) : 2 mM
amm. (ammonium) acetate pH – 4.0 (85 : 15 and 80 : 20% v/v,
with corresponding ow rates (FR) of 0.8 and 0.4 mL min1),
MEOH : 0.1% formic acid (80 : 20%v/v), FR : 0.5 mL min1,
MEOH : 10 mM amm. formate pH-4.00 (80 : 20% v/v), FR: 0.6
mL min1, acetonitrile : 5 mM amm. acetate pH-4.01 (85 : 15%
v/v), FR: 0.8 mL min1. The best chromatographic and mass
optimization (Fig. 3) achieved (while maintaining the consistent
column back pressure between 1400 and 1600 psi until 12 hours
continuous analysis) with Gemini 4.6  100 mm, 3 m (Phenomenex) and MEOH : 10 mM ammonium formate (80 : 20% v/
v), delivered at a ow rate of 0.5 mL min1 with a sample
injection volume of 20 mL. Only C18 columns were tested based
on prior knowledge13,15 and also the log P of the linagliptin
molecule.25
3.1.4 Optimization of the extraction protocol. Various
sample cleaning techniques30 were studied prior to implementation of the best suited one for establishing a reliable,
simple and cost eﬀective method for isolating the analyte from
interfering substances present in the plasma sample. The PP
method was not adopted as it would not be a technically ideal
option based on the fact that LGN at therapeutic drug
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concentrations exhibits concentration-dependent protein
binding in human plasma10 and none of the previously reported
methods or literature implemented this method.7,11–20
Though the SPE technique was adopted in some of earlier
reports12,13,15–20 it was not given priority as this method, in
comparison with LLE, is time consuming and requires expensive materials.31 Therefore, in the present work a simple LLE
method, as explained under Section 2.5, was implemented. LLE
has the merits of minimizing the experimental cost, introducing a clean sample for spectral analysis in general32 and
a short sample processing time along with very good and
consistent overall recoveries of the analyte and IS (not less than
70.9%) while conrming the absence of any signicant matrix
eﬀects. Various extraction solvents investigated for recovery
experiments include, ethyl acetate : N-hexane in diﬀerent
volume ratio’s, 100% TBME in presence of diﬀerent buﬀer
conditions, acid-0.1 N HCl, base-25 mM K2HPO4. 100% ethyl
acetate when used in the presence of a base – 5% ammonia
solution in water gave comparatively low recovery, where as 20%
ammonia solution gave inconsistent recovery at LQC level.
3.2

Assay performance and validation

3.2.1 System suitability. The analytical instrument proved
its performance for testing the proposed method with consistent and reproducible chromatography for analyte and IS
retention times and their peak area ratios reported a precision
of no more than 2.0% throughout the validation.
3.2.2 Autosampler carryover. Carry over was not observed
at the retention time of the analyte and IS for both aqueous and
extracted samples which conrms that the proposed method
was devoid of potential carry over impacts.
3.2.3 Selectivity. All 10 diﬀerent sources of blank plasma
tested for selectivity showed insignicant endogenous matrix
component interference at analyte and IS retention times. Refer
to Fig. 3A, a representative chromatogram demonstrating the
selectivity of the method.
3.2.4 Specicity. Some of the commonly used concomitant
and potential OTC drugs most likely to be administered in
clinical situation of LGN were evaluated. Performance of the
method was proven in the presence of these drugs, due to the
absence of a signicant change in response or signal at the
retention time of the analyte and IS in standard blanks,
concomitant blanks and zero sample (only absence of signicant analyte response).
Table 1

3.2.5 Sensitivity. Sensitivity of the method for analyte was
conrmed at LLOQ concentration of 50.3 pg mL1 with reported
precision, accuracy and average S/N of 6.3%, 102.4% and 9.03
respectively. Refer to Fig. 3C for typical chromatogram depicting peak shape and S/N level at LLOQ level.
3.2.6 Recovery of analyte and IS. Overall recovery reported
for analyte was 71.0%. Refer to Table 1 for results, which met
the predened acceptance criteria. Almost consistent results for
IS (like analyte) were reported with % mean recovery of no less
than 78.2 and a % CV of no more than 6.3%. Observed
consistency in recovery could be due to the implementation of
the optimized LLE procedure while adopting the deuterated
internal standard.
3.2.7 Matrix eﬀect by evaluating matrix factor (MF). The
proposed method precludes the possible inuence of the
endogenous matrix components on the ionization process of
analyte and IS as there was no signicant change in the peak
area response in the extracted sample compared to the aqueous
sample. Refer to Table 2 for results.
3.2.8 Dilution integrity. The within-run and between-run
precision of 1/5 dilution of the dilution integrity quality
control sample was not more than 3.5%. Within-run and
between-run accuracy was 89.2% and 93.3% respectively.
3.2.9 Linearity, precision and accuracy (P & A). Linearity of
the method with proportional peak area ratio (analyte/IS) vs. the
corresponding nominal concentration was proven over the
concentration range of 50.3 to 12 115.5 pg mL1, using a linear
regression model with 1/x2 weighing produced best result (r ¼
0.9994). For CC standards observed P & A were 0.9 to 3.2% CV
and 5.3 to 2.8% nominal respectively. Refer to Table 3 for
a summary of the results on P & A of the method.
3.2.10 Auto sampler re-injection reproducibility. Established for 46 hours 51 min, where the observed precision over
reinjected samples was no more than 8.0% and their accuracy
range was 4.0 to 3.4%.
3.2.11 Ruggedness of the method. Both the batches
analyzed for ruggedness demonstrated a linear calibration
curve with goodness of t greater than 0.99 while precision
across 4 QC’s tested was no more than 12.3% with an accuracy
ranging from 94.4% to 111.4%.
3.2.12 Stability studies. Designed to cover expected conditions of exposure to analyte (LGN) and IS during clinical study
conduct. From the results as described below, it was evident
that various conditions studied for stability had a negligible

Recovery of linagliptin in human plasma
Post extracted sample peak area

Extracted sample peak area

QC sample
(n ¼ 6)

(Mean  SD)

% CV

(Mean  SD)

% CV

Mean recoverya, %

Global recoveryb, %

LQC
MQC
HQC

2496.7  70.3
85 163.5  2310.9
161 749  6952.2

2.8
2.7
4.3

1635.0  120.9
59 773.8  3373.0
124 999.8  9805.7

7.4
5.6
7.8

65.5
70.2
77.3

71.0

mean extracted sample peak area
 100: b Average mean recovery of 3 QC’s. Abbreviations: LQC: low quality control,
mean post extracted sample peak area
MQC: middle quality control, HQC: high quality control, SD: standard deviation, % CV: percentage coeﬃcient of variation, n ¼ 6: total number of
observations.
a

% mean recovery ¼
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Table 2
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Matrix eﬀect assessment by evaluating the matrix factor at LQC and HQC level of linagliptin in 10 diﬀerent plasma matrices
MF

MF
Plasma lot
no.
1
2
3
4
5
6
7 (L)
8 (L)
9 (H)
10 (H)
Mean
SD
% CV

HQC

IS

1.19
1.16
1.06
1.07
1.04
1.04
1.01
1.04
0.98
1.05
1.06

1.23
1.19
1.07
1.06
1.03
1.00
1.03
1.05
0.99
1.05
1.07

IS normalized MF at
HQC level (9520.6 pg mL1)
0.97
0.97
0.99
1.01
1.01
1.04
0.98
0.99
0.99
1.00
0.99
0.022
2.2

LQC

IS

1.14
1.17
0.95
1.11
1.00
0.99
1.05
0.98
1.01
0.98
1.04

1.13
1.11
0.98
1.03
0.96
1.00
1.00
1.03
1.02
0.98
1.02

IS normalized MF
at LQC level (142.8 pg mL1)
1.01
1.05
0.97
1.08
1.04
1.00
1.06
0.95
1.00
1.00
1.01
0.042
4.1

Abbreviations: LQC: low quality control, HQC: high quality control, % CV: percentage coeﬃcient of variation, SD: standard deviation, MF: matrix
MF of analyte
factor, IS: internal standard, L: lipemic plasma, H: hemolytic plasma, IS normalized MF ¼
:
MF of IS

impact on the performance of the method for quantication of
LGN and IS, due to insignicant drug loss.
Stability of analyte and IS in stock solutions. For analyte and IS,
short term stock solution stability was established for 07 hours
40 min and 06 hours 16 min respectively. Their long term stock
solution stability was recorded for the duration of 19 days, 21
hours and 2 days, 23 hours respectively. Mean peak area of
stability samples was in the range of 91.3 to 103.8% in relation
to the comparison samples. Observed precision range among
stability and comparison samples was 1.0 to 9.1%.
Stability of analyte in plasma sample. Designed studies met
predened acceptance criteria. Refer to Table 4 for a summary
of results.
Stability of analyte in K2EDTA blood. LQC and HQC level of
stability samples kept at ambient and refrigerator conditions
for a period of 02 hours 08 minutes did not deviate by more than
4.1% from freshly prepared samples.
3.2.13 Batch size experiment. Total 120 QC samples
analyzed across 4 levels against the CC standards in a separate
batch. P & A for these QC samples ranging from 3.0 to 10.9% and
88.5 to 93.0% respectively. CC for this batch was found to be
linear with a goodness of t of more than 0.99.

Table 3

3.3

Application

The fully validated method was applied to PK study samples
with the successful incurred sample reanalysis in a separate
batch where the % variability was within 20% for more than
90% samples. A representative linear plasma concentration vs.
time prole for one of the subjects was shown in Fig. 4.

3.4 Comparison of proposed method with previous
published reports
Table 5 highlight the merits of our proposed method (PM) in
comparison with the existing literature. Common unfavorable
attributes of these published methods12–21 which were not
designed in line with the latest regulatory requirements, did not
report the detailed procedures for (1) optimization of LC and
MS/MS conditions (2) sample cleanup by SPE (3) various validation parameters to prove the reliability of the method along
with their results. Furthermore, these methods employed (1)
13
C3 LGN as internal standard which is very diﬃcult to obtain
from authorized commercial sources and custom synthesis can
be very expensive and time consuming (2) an expensive and
time consuming SPE protocol for sample clean up. (3) Very wide

Within-run and between-run precision and accuracy of method established with QC samples in plasma
Within-run (n ¼ 6)

Between-run (n ¼ 18)

Nominal conc. of
QC’s
(pg mL1)

Conc. found
meana  SD (pg mL1)

Precision (% CV)

Accuracy
(%)

Conc. found
meanb  SD (pg mL1)

Precision (% CV)

Accuracy
(%)

LLOQ QC (50.6)
LQC (142.8)
MQC (4760.3)
HQC (9520.6)

47.7  4.1
123.8  7.2
4276.05  48.5
8695.9  95.3

8.6
5.8
1.1
1.1

94.3
86.7
89.8
91.3

47.1  3.2
130.1  7.8
4440.8  149.9
9100.3  325.8

7.0
6.0
3.4
3.6

93.1
91.2
93.3
95.6

a

Mean of six replicate sample observations from one analytical validation run. b Mean of eighteen replicate sample observations from three
separate analytical validation runs. n ¼ total number of observations. Abbreviations: LLOQ QC: lower limit of quantitation quality control, LQC:
low quality control, MQC: middle quality control, HQC: high quality control, % CV: percentage coeﬃcient of variation, SD: standard deviation.
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Table 4 Stability of linagliptin in human plasma under diﬀerent conditions

Condition of storage &
stability duration
BTS (25  5  C, 7.15 h)
FTS (aer 5 cycle, 70  15  C)
FTS (aer 5 cycle, 20  5  C)
DES (2–8  C, 26.39 h)
SE (25  5  C, 4.14 h)
SE (2–8  C, 26.39 h)
LTS (70  15  C, 118 days)
LTS (20  5  C, 118 days)

QC sample

Nominal
concentration (pg mL1)

Calculated concentration
(mean  SD)

Precision
(% CV)

Accuracy
(%)

% changea

LQC
HQC
LQC
HQC
LQC
HQC
LQC
HQC
LQC
HQC
LQC
HQC
LQC
HQC
LQC
HQC

142.8
9520.6
142.8
9520.6
142.8
9520.6
142.8
9520.6
142.8
9520.6
142.8
9520.6
142.8
9520.6
142.8
9520.6

141.0  6.6
9631.3  458.9
148.3  7.2
9539.8  249.3
144.9  6.0
9421.4  128.4
136.0  6.1
9686.9  65.3
125.8  3.1
9073.8  199.6
132.6  5.9
9122.5  223.1
140.2  6.1
9247.2  157.9
153.0  8.1
10 276.6  213.9

4.7
4.8
4.9
2.6
4.1
1.4
4.5
0.7
2.5
2.2
4.4
2.4
4.4
1.7
5.3
2.1

98.7
101.2
103.8
100.2
101.5
99.0
95.2
101.7
88.1
95.3
92.9
95.8
98.2
97.1
107.7
108.5

1.26
1.16
3.85
0.20
1.47
1.04
4.76
1.74
11.90
4.69
7.14
4.18
1.82
2.87
7.14
7.94

mean calculated concentration  nominal concentration
 100: Abbreviations: BTS: bench top stability, FTS: freeze–thaw
nominal concentration
stability, DES: dry extract stability, SE: stability of extract, LTS: long term stability, LQC: low quality control, HQC: high quality control, SD:
standard deviation, % CV: percentage coeﬃcient of variation.
a

% change ¼

calibration range, most importantly with respect to the upper
limit (50 to 250 ng mL1). This is abnormally very high to reect
the low concentrations of LGN from the clinical studies, especially when conducted on approved oral doses of the 2.5 mg
(multi drug combination) and 5 mg tablet respectively.8,10 As per
the regulatory requirements, and from a scientic perspective,
in order to appropriately characterize the PK prole, it is
mandatory to choose an appropriate calibration range based on
the expected concentrations of the analyte of interest in clinical
study programs.22–24 Several drawbacks were found even in the
latest LC-MS/MS method reported by Sha S. S. M. et al.33 which
include: in appropriated CC and QC range (10 ng mL1 to 5000
ng mL1 and 10 ng mL1 to 4000 ng mL1 receptively) used in
method development and validation, the insensitive characteristic of the method with validated LLOQ (10 ng mL1) which
was almost 2.4 times higher than the reported Cmax [8.9 nmol

L1 or 4.2 ng mL1 (1 ng mL1 of LGN ¼ 2.116 nM)] of LGN at
a maximum oral dose of 5 mg, usage of large plasma sample
volume (450 mL), incomplete method validation experiments in
line with latest regulatory guidelines, usage of normal IS instead
of stable labeled IS etc. However there were some similar
diﬀerences between their method and our proposed method
with respect to the extraction protocol, usage of C18 column
and sample run time. Our proposed method, except comparatively use high plasma volume than the previous reports, had
superior results in all other aspects while fullling our aim of
establishing a simple, rapid, reliable, sensitive and selective
method for estimating LGN in human plasma. Furthermore,
the LOQ of our method at pg mL1 (50.3 pg mL1) could help to
address expected lower plasma levels even from low dose linagliptin (dose lower than 5 mg) studies.

Fig. 4 A representative plasma concentration vs. time proﬁle of one subject following administration of single 5 mg tablet of linagliptin.
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Table 5
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Comparison of proposed method (PM) with previous literature

S.N Method

IS

Biological matrixa EM

1

LC-MS/MS

13

2
3

LC-MS/MS
LC-MS/MS

13

Human K2EDTA
plasma
Human plasma
Human plasma

4
5
6
7

C3 LGN

C3 LGN
C3 LGN &
13
C3 CD 1750d
13
LC-MS/MS
C3 LGN
Human EDTA
plasma
LC-MS/MS —
Human EDTA
plasma
LC-MS/MS
Telmisartan
Human plasma
UHPLC-MS/ LGN-d4
Human K2EDTA
MS
plasma
13

SV Cal. rangeb
(mL) (ng mL1)

Reporting full Reporting of
Followed
RTPS RT
method details MV exp. with
latest reg.
(min) (min) (yes/no)
results (yes/no) guid.c
Ref.
—

—

No

No

No

—
— —
SPEe 150 0.049 to
49.14
SPEe 150 0.05 to 50

—
70

—
50

No
No

No
No

No
No

12
and 13
14
15

—

—

No

No

No

16–20

—

—

—

—

—

—

21

PR
Yes

No
Yes

33
PM

SPEe

50 0.25 to 250

—

—

LLE 450 10.0 to 5000
LLE 300 0.05 to 12.1

3.0
3.5

1.42 No
1.75 Yes

a

Most of these published methods analysed LGN in both human plasma and urine sample using diﬀerent level of calibration range and calibration
range in this table pertains only to LGN in human plasma. b Calibration range given in published reports in nM L1 converted to ng mL1 (1 ng
mL1 of LGN ¼ 2.116 nM (ref. 19 and 20)). c US FDA (2013), EMEA (2011) and ANVISA (2012). d Inactive main metabolite (CD 1750) of LGN also
estimated. e SPE procedure was not reported in detail, – not reported, PR: partial reporting. Abbreviations: S.N: serial number, IS: internal
standard, EM: extraction method, SV: sample volume, Cal. range: validated calibration curve range, RTPS: run time per sample, RT: retention
time of LGN (linagliptin), MV: method validation, exp: experiment, reg. guid.: regulatory guideline, Ref.: reference, SPE: solid phase extraction,
LLE: liquid–liquid extraction.

4 Conclusions
To the best of our knowledge, this is the rst time a sensitive,
rapid, rugged, selective and simple bioanalytical method was
developed using UHPLC-MS/MS in human plasma with
successful full validation as per the combined requirements of
the most recent regulatory guidelines. The validated method
was further tested to analyse PK study samples with successful
incurred sample reanalysis.
All potential features described in Section 3.4 collectively
make this method attractive for high throughput analytical
demands from large cohort clinical, PK and BE studies of
linagliptin, especially for regulatory submission and it is further
expected to advance new clinical study programs on linagliptin.
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ABSTRACT
Standardization is the need of the hour in Ayurvedic system of medicine.
The traditional systems of medicine are really effective but the problem
with them is they lack in quality assurance. This enables us to recognise
the quality of the formulation. The Central Council of Research in Ayurveda
and Siddha has prescribed the preliminary guidelines for testing the quality
of these formulations. It is essential to derive a protocol or develop methods
for evaluation of herbal formulation to maintain uniformity between batches
during production. The present work aims to review to standardize a polyherbal churnas available in the market.
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INTRODUCTION
In the long struggle to overcome the powerful forces of nature, the
human beings have always turned towards plants for food, shelter, clothing,
and healing. Even today herbal medicine plays an important role in the
management of diseases. Though we are in 21st century where modern
technology and scientific discoveries are ushering remarkable changes
in our lives, nevertheless, the story of plants as herbal medicines definitely continues to unfold, however, quietly and independently1.Synthetic
drugs are being prepared by keeping the natural drugs as standards
but the efficacy of the herbal drugs cannot be imitated & hence 80% of
the world population relay on natural drugs for treating their ailments.
Ayurvedic science has got its rich heritage in India. People in India
believe that natural products are safe compared to synthetic drugs. The
development in these traditional systems of medicine leads to maintain
proper quality of the product2.
Advantages of Herbal Medicine
•
They have large amount of use.
•
They have better patient tolerance as well as acceptance.
•
The medicinal plants have renewable source of cheaper medicines.
•
Improvements in the quality, efficacy and safety of herbal medicines
with the development of science and technology.
•
Prolong and apparently uneventful use of herbal medicines may offer
testimony of their safety and efficacy.
•
They are cheap in cost.
•
They are not harmful.
•
They are more effective than any synthetic drug.
•
Throughout the world herbal medicines have provided many of
the most potent medicines to the vast arsenal of drugs available to
modern medical science, both in crude form as well as a pure chemical
upon which modern medicines are constructed4,5 .
Need of standardization:
Standardisation is an essential parameter to be done. It is a vital step in
formulation since it determines the quality of the product and is essential
to develop a protocol on standardisation of every product available in the
market to avoid variation arising between batch to batch.3 Plant materials
are not like synthetic drugs, they vary in many conditions even in their
chemical content depending on the time and season of collection of
plant material, the geographical location of the plant being grown etc.6
Systematic Reviews in Pharmacy, Vol 7, Issue 1, Jan-Dec, 2016

Eladichoorna was standardized by A. Thankamma et,al,.7 It is a
compound preparation of 6 ingredients along with sugar, nagakesara,
maricham, twak, ela, sunti, pippali. Chromatographic technique was
used for the detection of the ingredients. Different solvent systems were
developed for each ingredients and spots were visualized in Iodine
vapours. The results of the TLC indicates the presence of the single
drugs in the finished product.
Mahasudarshan Churnawas standardized by Shivani Chauhan, et.al.,
8
Mahasudarshanchurna (MSC) contains Swertiachirata (50%) along
with other 49 Ingredients (50%) Triphala, Haridra, Daruharidra,
Kantakari, Brhati, Karcura, Sunthi, Marica, Pippali,Murva, Guduchi,
Dhanvayasa, Katuka, Parpata, Musta, Trayamanag, Hrivera, Nimba
(chhal), Puskara, Yasti, Kutaja, Yavani, IndrayavaBharang, Sigru, Saurastri,
Vaca, Tvak, Padmaka, Svetacandana, Ativisa, Bala, Salaparn, Prsniparni,
Vidanga, Tagara, Citraka, Devadaru, Cavya, Patola, Lavanga, Vamsa,
Kamala, Ashwagantha, Tejapatra, JatiphalaSthauneya, Vidarikand,
kiratatikta. All other ingredients have different therapeutic uses which
support to treat the malaria and other fevers and are also useful in
rejuvenating the body. The marketed product was standardized against
in-house preparation by performing organoleptic evaluation, physicochemical evaluation like Determination of Ash value, extractive value,
loss on drying, bulk density, tap density, hausner’s ratio, angle of repose
and the results clearly indicates that there was no uniformity found
in any of the results so we can conclude that may be the geographical
factors affected the raw materials or may be due to adultration of the raw
materials affected the formulation.
Nyagrodadichurna was standardized by K.R. Gopala Simha et.al.,9 this
churna is a poly herbal formulation contains 28 ingredients dhava,
danti, priyala, adhaki, aragwadha, varuna, amalaki, pribhadra, jambu,
kapittha, nyagrodha, udumbara,, aswattha, yashtimadhu, meshasringi,
kutaja, madhuka, amra, shyonaka, chitraka, karanja, vijayasara, bhallataka,
lodhra, arjuna, vibhitaki, haritaki, patola6 batches of the finished product
was collected and the coparative studies was conducted by performing organoleptic evaluation, morphological evaluation, a detailed
phytochemical screening for each and every individual ingradients for
the presenceor absence of alkaloids, glycosides, tannins, resins, fixed
oils, etc., and also TLC was carried out. By the results obtained we can
conclude that there the difference was negligible and finished products of
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all the batches are considered standard.
Trikatuchurna was standardized by ShailajanSunitha et.al.,10 a poly herbal
formulation was prepared by using mircha, pippali, shunti powders and
studied against three marketed formulations by evaluating the raw materials by proximate analysis, preliminary phytochemical screening, qualitative and quantitative estimation of piperine by HPTLC method in the
finished product and by seeing the results we can conclude that there was
the considerable difference of quantity of piperine in the fresh sample
and 4 months old marketed sample.
TriphalaChurna was standardized by YogendrBahuguna et.al.,11 by taking
one marketed product and analysing its total ash value after complete
incineration and the acid insoluble ash value indicative of silicate impurities, which might have arisen due to improper washing of drug. The
loss on drying value obtained is an indicative of amount of moisture
content present in the drug. The extractive values names water soluble
and alcohol soluble indicates the amount of active constituent in given
amount of plant material when extracted with respective solvent, values
obtained supports the fact that drug is unexhausted which is contrary
to lower extractive value.The results of phytochemical tests indicate the
presence glycosides, alkaloids, tannins, saponins and sugars. From the
heavy metal test it is concluded that Dabur TriphalaChurna is free from
heavy metals. From the all values, it can be concluded that the quality of
marketedTriphalaChurnawas “GOOD”.
AshwagandhaChurna was standardized by PallabDasgupta et.al.,12 the
marketed products were taken from dabur and sadhanaausadhalaya
Dhaka and compared the parameters such as physicochemical standards
like total ash, acid insoluble ash, water & alcohol soluble extractive
values, loss on drying, phyto-chemical analysis, flow properties, TLC
profile and safety evaluation were carried out, it can be concluded that
the formulation of Ashwagandhachurna contains all good characters
of an ideal churna and it was found to be harmless, more effective, and
economic. The comparison between the two marketed samples have
been done on the basis of the above mentioned parameters which shows
satisfactory results, but the efficacy of the products can only be judged by
doing the pharmacological studies of which is suggested as future scope
of R & D.
SitopaladiChurna was standardized by SangramKeshari et.al.,13Ayurvedic
medicine sitopaladichurna has been standardized by intervention of
scientific quality control measures in the traditional preparation describe
in classical texts.Pharmacognostic characters established for the raw
material could be employed as Q.C, standards for evaluating its identity
and can be used for routine analysis.of Purity and potency of the material
and formulations following procedure given could be performed in QC\
QA laboratory of pharmaceutical house. The results of the parameters
tested for the in-house and marketed products stats that all the formulations are standard.
Protocol for standardization
Determination of physico-chemical constants for individual ingredients of
churna and for formulations
Foreign organic matter- 250 g or the quantity specified in the individual
monograph, of the original sample to be weighed accurately and spread
out in a thin layer. The samples to be inspected with the unaided eye
or with the use of a magnifying lens (6X or 10X) and the foreign
organic matter has to be separated manually as completely as possible and
weighed. The percentage of foreign organic matter should be weighed
and determined with reference to the weight of the drug taken.
Loss on drying (LOD)-About 2-5 g of the prepared air dried individual
materials to be accurately weighed in a previously dried and tared flat
weighing bottle. The samples to bedistributed evenly and to be placed in
the drying chamber (Oven). Drying should be carried out by heating at
Systematic Reviews in Pharmacy, Vol 7, Issue 1, Jan-Dec, 2016

100-105°C, the bottle to be removed from the oven and the bottle has to
be closed promptly and allowed to cool to room temperature and then
weighed. The experiment should be repeated till two consecutive weighing
did not differ by more than 5 mg, unless otherwise stated in the test
procedure. The loss in weight on drying to be then calculated.
Ash value-Ash content of the crude drug is generally taken to be the
residue remaining after incineration. It represents the inorganic salts
naturally occurring in the drug and adhering to it, but may also include
inorganic matter added for the purpose of adulteration.
Total ash is the residue remaining after incineration. Acid insoluble ash
is the part of the total ash, which is insoluble in dilute hydrochloric acid.
Water-soluble ash is the part of total ash, which is soluble in hot water.
Total ash-About 2g of the individual powdered ingredients of churnato
be accurately weighed in a tared silica crucible. The powdered drug
should be spread as a fine layer at the bottom of the crucible. The crucible
to be incinerated at a temperature not exceeding 450°C until free from
carbon. Allow the crucible to cool and weighed. The procedure to be
repeated till constant weight is observed. The percentage of the total ash
calculated in triplicate with reference to the air dried drug.
Acid insoluble ash- The ash obtained as described in the determination
of total ash to be boiled with 25 ml of hydrochloric acid for 5 min. The
insoluble ash should be collected on an ashless filter paper by filtration
and it should be washed with hot water. The insoluble ash is transferred
into a tared silica crucible, ignited, cooled and weighed. The procedure
has to be repeated till a constant weight was observed. The percentage
of acid insoluble ash was calculated with reference to the air-dried drug.
Water-soluble ash- To the crucible containing the total ash, add 25 ml
of water and boil for 5 minutes. Collect the insoluble matter in a
sintered-glass crucible or on an ashless filter-paper. Wash with hot water
and ignite in a crucible for 15 minutes at a temperature not exceeding
450°C. Subtract the weight of this residue in mg from the weight of total
ash. Calculate the content of water-soluble ash in mg per g of air-dried
material.
Extractive values-Extractive value is a measure of the content of the
drug extracted by solvents. Extractive value can be water soluble, ethanol
soluble and ether soluble extractives. Extractive value unless and otherwise prescribed, is carried out by maceration.
4.3.1 Water soluble extractive- 4 g of previously weighed air-dried powdered individual ingredients of churnato be taken in a glass stoppered
flask and macerated with 100 ml of chloroform water (1:99). It was shaken
frequently for 6 h and then allowed to stand for 18 h. It was filtered
rapidly taking precautions against loss of the solvent. 25 ml of filtrate
should be evaporated to dryness in a tared flat-bottomed petri dish,
dried at 105°C, cooled in a dessicator and weighed. The percentage of
water-soluble extractive should be calculated with reference to air-dried
drug14.
Note – Ether and alcohol soluble extractive, follow the same procedure of
water soluble extractive excepting the solvent (water) which is replaced
by ether and alcohol.
Fluorescence analysis- The powdered samples to be exposed to Ultraviolet
light at wavelength of 254 nm and 366 nm. One mg of powdered drug to
be placed on a micro slide and observed under UV 366, UV 254 and in
day light to observe the fluorescent characteristics of powder, if any. One
mg powdered drug to be placed on a micro slide and treated with one ml
1N HCl and observed under UV 366, UV 254 and in day light while wet.
One mg powdered drug was placed on a micro slide and treated with one
ml 1N NaOH and observed after a few minute in day light, under UV
366, UV 254. One mg powdered drug to be placed on a micro slide and
treated with one ml 1N NaOH in one ml methanol and observed under
UV 366, UV 254 and in day light while still wet. One mg powdered drug
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to be placed on a micro slide and treated with one ml 50% KOH and
observed under UV 366, UV 254 and in day light while still wet. One
mg powdered drug to be placed on a micro slide and treated with one ml
of 50% sulphuric acid and observed under UV 366, UV 254 and in day
light while still wet. One mg powdered drug to be placed on a micro slide
and treated with one ml of conc. sulphuric acid and observed under UV
366, UV 254 and in day light while still wet. One mg powdered drug to
be placed on a micro slide and treated with one ml of 50% HNO3 and
observed under UV 366, UV 254 and in day light while still wet. One
mg powdered drug to be placed on a micro slide and treated with one ml
of Conc. HNO3 and observed under UV 366, UV 254 and in day light
while still wet. One mg powdered drug to be placed on a micro slide and
treated with one ml of acetic and observed under UV 366, UV 254 and in
day light while still wet. One mg powdered drug to be placed on a micro
slide and treated with one ml of iodine and observed under UV 366, UV
254 and in day light while still wet15.
Powder microscopy- The powder of Churnashould be examined for its
microscopic characters. The powder passed through sieve no. 60 and
boiled with chloral hydrate to remove colouring matter and viewed
under microscope for fibers, starch and other characters. The clarified
powder has to be later stained with phloroglucinol in the presence of
hydrochloric acid for the lignified structures like stone cells to be viewed
under microscope.26
Preparation of Churna: The In-house churna should be prepared as
per the procedure given in Ayurvedic Formulary of India or any other
standard books of ayurveda. All the ingredients to be powdered separately, passed through 80 # sieveand then mixed together in specified
proportions to get uniformly blended churna.
Preparation of extracts
Alcoholic extract - The powdered churnashould be macerated with
methanol for 2 days. After the completion of maceration residue should
be removed by filtration followed by the evaporation of solvent and
extract should be concentrated.
Phytochemical analysis of extract: Following chemical tests to be carried
out for different extracts of Churna to identify the presence of various
phytochemical constituents.

Detection of alkaloids
The small portions of fractions are stirred separately with a few drops of
dil.HCl and filtered and then subjected to test for alkaloids.
Test for alkaloids
Mayer’s test:- Few ml of extract should be treated with Mayer’s reagent,
Wagner’s test, Dragendroff ’s test, Hager’s test, Tannic acid test should be
carried out
Test for triterpenes
Liberman-Burchard’s test, Salkowski’s Test, Tschugajew’s test, Hirschorn
testshould be carried out.
Test for steroids
Liberman-Burchard’s test, Sulphur test, Salkowski’s Testshould be
carried out
Test for carbohydrates
Molisch’s test, Barford’s test, Benedict’s test, Fehling’s test, should be
carried out
Test for glycosides
Chrysarobin test, Anthraquinone glycoside testshould be carried out
44

Test for flavonoids
FeCl3 test, Shinoda test, NaOH test, Lead acetate test, Mineral acid test,
Zn/Hcl testshould be carried out
Determination of physico-chemical parameters for finished products
Organoleptic evaluation - Organoleptic evaluation refers to evaluation
of formulation by color, odour, taste, texture etc. The organoleptic characters of the samples to be carried out based on the official method.
Ash values and extractive values to be determined as described earlier.16,17,18
Determination of physical characteristics of formulations - Physical
characteristics like bulk density, tap density, angle of repose, Haussner
ratio and Carr’s index to be determined for different formulations. The
term bulk density refers to method used to indicate a packing of particles
or granules. The equation for determining bulk density (Db)is Db=M/Vb
where M is the mass of particles and Vbis the total volume of packing.
The volume of packing can be determined in an apparatus consisting of
graduated cylinder mounted on mechanical tapping device that has a
specially cut rotating can. 100gm of weighed formulation powder should
be taken and carefully added to cylinder with the aid of a funnel. The
initial volume should be noted and sample should be then tapped until
no further reduction in volume should be noted. The initial volume gave
the bulk density value and after tapping the volume reduced, giving the
value of tapped density. Angle of repose has been used as an indirect
method quantifying powder flowability, because of its relationship with
interparticle cohesion. The fixed funnel and the free standing cone method
employs a method that is secured with its tip at a given height (H), above
the glass paper that is placed on a flat horizontal surface. Powder or granules
to be carefully poured through the funnel until the apex of the conical
pile just touched the tip of funnel. Thus, with R being the radius of the
conical pile. Tan α = H/R or α = arc tan H/R, where α is the angle of
repose refer Table no. I Relationship between angle of repose and type
of flow.
Hausner’s ratio is related to interparticle friction and as such can be used
to predict the powder flow properties. The equation for measuring the
Hausner’s ratio is Df/Do. Where, Df = Tapped density and D0 = Bulk
density. Relationship between Hausner’s ratio and type of flow refer
Table no. II Relationship between Hausner’s ratio and type of flow.
Carr’s compressibility index is another indirect method of measuring the
powder flow from bulk density. The equation for measuring Carr’s index
is % Compressibility = Df – Do/Df x 100. Where Df = tapped density,
D0 = Bulk density refer Table no. III Relationship between compressibility
index and type of flow.
Thin layer chromatography
Thin layer chromatography is mainly used for qualitative screening of
plant extract which serve as a very important tool in the overall phytochemical research studies.

Procedure:
Slurry of silica gel G should be prepared in distilled water and poured
over a glass plate to form a thin film. The prepared plates to be allowed
for setting (air-drying).After setting, the plates to be kept in an oven at
100 to 1200 C (30 min) for activation.The fractions to be dissolved in
respective solvent and spotted over an activated plate (1 cm above from
the bottom). It should be then kept in previously saturated developing
chamber containing mobile phase, and allowed to run 3/4th of the height
of the plate. The developed plate should be removed, air dried and
observed under ultraviolet light and florescent compound identified and
sprayed with 5% ferric chloride then compared with standard drug spot
and calculate the Rf value using following formula.
Systematic Reviews in Pharmacy, Vol 7, Issue 1, Jan-Dec, 2016

Table No.I: Relationship between angle of repose and type of flow
Flow property

Angle of repose (degree)

Excellent

25-30

Good

31-35

Fair

36-40

Passable

41-45

Poor

46-55

Very Poor

56-65

Very-very Poor

>66

Table no. II: Relationship between Hausner’s ratio and type of flow
Flow property

Hausner’s ratio

Excellent

1-1.11

Good

1.12-1.18

Fair

1.19-1.25

Passable

1.26-1.34

Poor

1.35-1.45

Very Poor

1.46-1.59

Very-very Poor

>1.6

Table no. III: Relationship between compressibility index and type of flow18
Flow property

Compressibility index (%)

Excellent

≤10

Good

11-15

Fair

16-20

Passable

21-25

Poor

26-31

Very Poor

32-37

Very-very Poor

>38

Rf 20 

Distance traveled by solute
Distance traveled by the solvent

High-performance thin-layer chromatography (HPTLC)-Quantitative densitometric HPTLC analysis should be performed to develop the
characteristic fingerprint profile for the methanolic extract of Churna.

CONCLUSION
By the above studies we can conclude that the parameters defined for the
standardization of powder formulations (churna) are efficient enough to
consider for quality control department for ensuring the consistency of
the finished product from batch to batch is maintained.
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Thermosensitive In situ Gel for Ocular Delivery of
Lomefloxacin
Anand Panchakshri Gadad, Padmaja Dharmanand Wadklar, Panchakshri Dandghi, Archana Patil
Department of Pharmaceutics, KLES College of Pharmacy, Belagavi Karnataka-590010, INDIA.

ABSTRACT
The temperature sensitive in situ gel formulations, undergo phase transition from liquid to semisolid gel upon
exposure to physiological eye temperature. These are free-flowing liquid at room temperature and easy to
administer into the eye as drops. They undergo in situ phase transition to form a strong gel that is capable of
withstanding shear forces in the culde-sac and of sustaining drug release at physiological conditions. Lomefloxacin
hydrochloride is a broad spectrum, second generation fluroquinolone antibiotic used to treat various conjunctival
infections. Present work describes the formulation of thermoreversible sol gel of Lomefloxacin hydrochloride
using Pluronic F127, Pluronic F68 and sodium alginate. The prepared formulations were evaluated for various
parameters such as clarity, pH, drug content, gelation capacity, gelation temperature, gelling strength, viscosity,
in vitro release studies, pharmacokinetics studies, ex vivo permeation studies, antimicrobial activity animal studies
and short term stability studies. The pH was in range of 7-7.5. The viscosity of the formulations at 250±20C and
370±20C was in the range of 50-60 cps and 1590-3370 cps respectively. The results obtained were in agreement
with the phase transition and there was no significant change in the viscosity of formulation when diluted with
simulated tear fluid. The in vitro drug release revealed a sustained profile of 8 hours and optimized formulation
showing 89.3% of release. Short term stability study indicated that 40±10C is appropriate storage condition for
the formulations.
Key words: Lomefloxacin, Pluronic F127, Thermoreversible sol gel, Cold technique, Phase transition, Shear
thinning systems.

INTRODUCTION
Lomefloxacin is a difluoroquinolone antibacterial agent having wide spectrum of
antibacterial activity, against gram-positive
and gram-negative organism.1 Lomefloxacin
when given in eye drops forms there is drug
loss due tear drainage and nasolacrimal
drainage which leads to shorter residence
time of the drug which in turn reduces the
corneal contact time ultimately leading to
poor bioavailability and frequent dosing of
the dosage form.
Drugs are commonly applied to the eye for
a localized action on the surface or in the
interior of the eye.2 The major problems
in conventional liquid ophthalmic formulations are washing out of drug from the precorneal area immediately upon instillation
so to increase precorneal residence time and
ocular bioavailability, different ophthalmic
S96

delivery system such as viscous solutions,
ointments, gels, suspensions or polymeric
inserts are used. But because of blurred
vision (e.g. ointments) or lack of patient
compliance (e.g. inserts), these formulations
have not been widely accepted. These problems can be overcome by development of
different delivery system such as In situ gel
which is administered as liquid & undergoes
a phase transition to semisolid gel upon
exposure to physiological environment.4
The word in-situ is derived from Latin which
means “in its original place or in position”.
A greater attention has been focused on the
polymeric in situ gel because of its advantages over conventional ophthalmic formulations such as ease administration, reduced
frequency of administration, improved
patient compliance and they do not require

Submission Date : 14-06-15
Revised Date
: 07-09-15
Accepted Date
: 13-02-16
DOI: 10.5530/ijper.50.2.24
Correspondence Address
Miss Padmaja
Dharmanand Wadkar,
Department of Pharmaceutics,
K.L.E.S College of Pharmacy,
Belagavi, Karnataka, INDIA.
Ph no: +919673605925
E-mail: padmaja7392@
gmail.com

www.ijper.org

Indian Journal of Pharmaceutical Education and Research | Vol 50 | Issue 2 (Suppl.) | Apr-Jun, 2016

Padmaja et al.: Thermo sensitive in situ ocular gel of lomefloxacin

organic solvents or copolymerization agents because of
which they have gained increasing attention.4,5
Pluronic 127 is a block copolymer that consists of polyethylene oxide (PEO) and polypropylene oxide (PPO)
units, is known for exhibiting the phenomenon of
reverse thermal gelation under a certain concentration
and temperature. At a concentration of 18% (w/w) or
higher in aqueous solution, pluronic 127, is transformed
from a low viscosity solution to a gel under the ambient
temperature. But this lower concentration solution will
loses its gelation ability after diluted by lacrimal fluid.
Therefore, pluronic 68 (P188), was added to pluronic
127 solution as a regulatory substance and exhibited a
good perspective to increase the gelling temperature
(GT) of Pluronic 127. Different gel enhancing polymers has been used in combination with pluronic such
as sodium alginate.6
Thus aim of present work was to formulate Thermosensitive sol-gel system for ocular delivery of lomefloxacin in order to increase the residence time of drug,
sustained drug release and reducing dosing frequency
of formulation by varying the concentration of
Pluronic 127, pluronic 68 and sodium alginate.
MATERIALS & METHODS
Materials

Lomefloxacin Hydrochloride was obtained as a gift
sample from IPCA pharmaceuticals Ltd. Gurgoan
(Mumbai). Pluronic 127 and Sodium alginate was purchased from Hi Media pvt ltd (Mumbai). Pluronic F68
was procured from Ozone International Mumbai. All
chemicals used were of analytical grade.

EVALUATION OF AN IN SITU GEL
Clarity & pH

Clarity is one of most essential parameter for ophthalmic
preparations. All prepared formulations were evaluated
for clarity by visual observation against black and white
background and pH was determined using digital pH
meter.8
Drug content

Prepared in situ gel formulation (equivalent to 10 mg of
pure drug) was taken and diluted to 100 ml with freshly
prepared Simulated tear fluid (Composition: Nacl-0.67 g,
NaHCO3-0.20, CaCl2, 2H2O-0.008 g and distilled water
to 100 ml)(STF). From this 1 ml was withdrawn and
diluted to 10 ml using STF. The absorbance was measured
at 280 nm against STF as blank by using UV-Visual
spectrophotometer.8
Gel strength

Prepared formulation 25 g was placed in 100 ml graduated cylinder and gelled at 37oC using thermostat.
A 14 g weight is placed on to gelled form and allowed to
penetrate 5 cm. Time required for penetration is noted
and reported as the gel strength.9
Gelling capacity

The gelling capacity of the in situ gel formulations was
determined by placing a drop of formulation in a test
tube containing 2 ml of simulated tear fluid freshly
prepared and equilibrated at 37oC ± 2oC and visually
assessing the formation of gel, noting the time for gelation and the time taken for the formed gel to dissolve.10

Method of preparation

Measurement of gelation temperature (GT)

All the three polymers that is Pluronic 127, Pluronic 68
& sodium alginate were mixed in appropriate quantity of
distilled water and stirred separately for 1 h on magnetic
stirrer and refrigerated overnight at 4oC. Next day, Pluronic 127 & Pluronic 68 polymer solutions were mixed
together with continuous stirring for 1 h and again kept
overnight at 4oC. Sodium alginate solution along with
benzalkonium chloride were added to above mixture
and mixed with continuous stirring for 1 h. This mixture
was added to specified drug and sodium chloride solution in distilled water with continuous stirring until it
dissolves and further it was adjusted to pH 7.4 by adding
0.1 N sodium hydroxide solution. The formed in situ gel
was stored in the refrigerator. 7 Nine formulations were
prepared by varying the concentration of Pluronic 68
and sodium alginate as mentioned in (Table 1).

Effect of dilution on Gelling Temperature

Sample solution of 10 ml was taken in a transparent
beaker and placed in a water bath. The whole assembly
was placed on magnetic stirrer and gradually temperature of the water bath was increased with continuous
stirring at minimum rpm. The temperature at which the
magnetic bar stopped moving due to gelation is noted as
the gelation temperature.7
The measurements were made at 15-37oC, in order to
mimic the temperature in the conjunctival sac of the
eye. The GT was defined as the point where a sudden
shift in shearing stress was observed. In order to imitate
the condition of eye the formulations were mixed with
simulated tear fluid in a ratio of 40:7 as the normal tear
volume present in eye is 7 µl.7
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Table 1: Formulation Chart of Lomefloxacin in situ Gel Formulation
Formulation Ingredient

Formulation Code
LF1

LF2

LF3

LF4

LF5

LF6

LF7

LF8

LF9

Lomefloxacin HCL (mg)

300

300

300

300

300

300

300

300

300

Poloxomer 407 (PF127)(%)

18

18

18

18

18

18

18

18

18

Poloxomer 188 (PF68) (%)

1

1

1

2

2

2

3

3

3

Sodium Alginate (%)

0.5

1

1.5

0.5

1

1.5

0.5

1

1.5

Sodium Chloride (%)

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

BenzalkoniumChloride (%)

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

Sodium Hydroxide (%)

q.s

q.s

q.s

q.s

q.s

q.s

q.s

q.s

q.s

Distilled Water (%)

100

100

100

100

100

100

100

100

100

Table 2: Appearance, Clarity, pH & Drug Content of LF1-LF9 Formulations
Formulation code

Gelling strength (Seconds)
(mean ± SD)

Gelling capacity

LF1

61 ± 1.527

++

LF2

68 ±1.154

++

LF3

76 ±2.081

+++

LF4

62 ± 0.577

++

LF5

86 ±1.732

+++

LF6

95 ±2.645

+++

LF7

84 ±1.527

+++

LF8

97 ±0.577

+++

LF9

108 ±1.154

+++

Table 3: Gelling Strength & Gelling Capacity of LF1-LF9 Formulations
Formulation code

Appearance

Clarity

pH (mean ± SD)

Drug content %
(mean± SD)

LF1

Free flowing liquid

Clear

7.4 ± 0.1

95.553 ± 0.198

LF2

Free flowing liquid

Clear

7.2 ±0.2

96.240 ± 0.524

LF3

Free flowing liquid

Clear

7.0 ±0.251

97.155 ± 0.343

LF4

Free flowing liquid

Clear

7.1 ± 0.057

96.240 ± 0.396

LF5

Free flowing liquid

Clear

7.4 ±0.1

98.185 ± 0.686

LF6

Free flowing liquid

Clear

7.4 ±0.251

96.926 ± 0.524

LF7

Free flowing liquid

Clear

7.3 ±0.208

97.270 ± 0.198

LF8

Free flowing liquid

Clear

7.5 ±0.305

96.812 ± 0.687

LF9

Free flowing liquid

Clear

7.5 ±0.057

97.499 ± 0.396

Rheological studies

In vitro drug release of In situ gel system

Viscosity of the formulation was determined before
and after gelation by using Brookfield’s rheometer.(DV
II+USA) using spindle number 21. Formulations were
taken in a small volume sample tube and viscosity was
measured at 5, 10, 20, 30, 40 and 50 rpm. Thermo stated
water jacket was used in order to measure viscosity at
25°C ± 2oC and at 37 ± 2°C. The viscosity was measured before dilution with STF at 25°C ± 2 and before
and after dilution with STF at 37 ± 2°C.11

In vitro release studies of the formulations were studied
through a fabricated apparatus consisting of 1 ml of
formulation placed in donor compartment using cello
phane membrane (molecular weight cutoff 12,000–
14,000 Dalton) which was soaked for 24 h in STF. The
donor compartment was immersed in the receptor
compartment containing 50 ml of STF maintained at
37oC ± 1oC with constant stirring using magnetic stirrer.
After regular time intervals, 1 ml was withdrawn from
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receiver compartment and replaced with fresh STF. All
samples were withdrawn in triplicates. Samples were
analyzed for amount of drug released with UV-spectrophotometer at 280 nm against STF pH 7.4 as blank.12
The in vitro release studies were carried out with the pure
drug solution in order to compare its release profile
with the prepared in situ gelling system of Lomefloxacin
hydrochloride. To analyse the mechanism for the release
and release rate kinetics of the dosage form, the
data obtained was fitted in to Zero order, First order,
Higuchi matrix and Korsemeyer-Peppas model. By
comparing the R2 values obtained, the best fit model
was selected.13
Ex vivo corneal permeation studies

Goat corneas were used to study the permeation across
the corneal membrane. Whole eyeball of goat were
procured from a slaughter house and transported to
laboratory in cold condition. They were maintained in
normal saline at 4oC. The cornea was then carefully
removed along with a 5-6 mm of surrounding scleral
tissue and washed with cold saline. The study was carried
out using Franz diffusion cell in such a way that corneal
side remains continuously in contact with formulation
in the donor compartment. 1 ml of the optimized formu
lation (LF5) was taken and mounted on goat cornea.
The receptor compartment was filled with STF pH 7.4
at 37oC ± 1oC. The receptor medium was stirred on the
magnetic stirrer. 1 ml of samples was withdrawn at
different time interval and absorbance was taken by
UV spectrophotometer. Receptor compartment was
replenished with an equal volume of STF (pH 7.4) at
each time interval. The percent drug release was plotted
against time to get dissolution curves.14
Antimicrobial studies

The microbiological studies were carried out to ascertain the biological activity of best sol-to-gel system. This
was determined by using Gradient Diffusion Method
(Dig well technique). Sterile solution of pure drug was
used as Standard. Standard solution and the developed
formulation (optimized test solution LF5) were taken in
separate cups bored into sterile Nutrient agar previously
seeded with Staphylococcus aureus organism. After
allowing diffusion of solution for two hours, the plates
were incubated for 24 h at 37oC. The zone of inhibition
was compared with that of the standard.15
Isotonicity studies

Isotonicity has to be maintained to check tissue damage.
Solutions of Sodium Chloride of three different concentrations were prepared to obtain hypertonic (3%

w/v), hypotonic (0.2% w/v) and isotonic (0.9% w/v)
concentrations. Four clean slides were taken. They were
labeled as hypertonic (HT), hypotonic (HP), isotonic
(IS) and test (T). A small drop of blood was applied to
the center of each slide along with a drop of heparin
solution (1%w/v) to prevent coagulation of blood.
A drop of each test solution was placed on the respective slides. A drop of optimized formulation (LF5) was
placed on the slide labeled as test (T).Using the edge of
the cover slip, the contents were mixed and observed
under microscope at 45X magnification to observe the
morphology of RBCs.16
Ocular irritancy test

Ocular irritation studies were performed on male albino
rabbits weighing 1-2 kg. The modified Draize technique was designed for the ocular irritation potential of
the ophthalmic product. Approval of the Institutional
Animal Ethic Committee (resolution No. KLECOP/
IAEC/Res.20-09/08/2014) was taken prior to the commencement of the study. They were divided in group
of 3 in which each group was having 6 Rabbits. 2 drops
of solution was placed in the lower cul de sac of rabbit
eye once a day for a period of 7 days and irritancy
was tested at the time interval of 1 h, 24 h, 48 h, 72
h and 1 week after administration. The rabbits were
observed periodically for redness, swelling and watering
of the eye.17
Efficacy against bacterial conjunctivitis

Bacterial conjunctivitis was induced in rabbit eye
by instilling bacterial strains of staphylococcus aureus
culture. These were done by placing 2 drops of culture
in cul de sac of rabbit eye. Treatment was initiated
48 h later. 18 rabbits were selected and divided into 3
groups that is Test, standard and control. 6 rabbits were
kept in each group. Infection was induced in standard
and test group rabbits while not induced in Control
group. Test group were treated with optimized LF5 formulation and standard group with pure drug solution.
Dose of 2 drops were instilled in the cul de sac of rabbit
eye once a day and animals were observed for redness,
mucoidal discharge and swelling of eyelids.18
Short term stability studies

Stability testing of pharmaceutical products is done
to ensure the efficacy, safety and quality of active drug
substance in dosage forms during the storage.Optimized
formulation LF5 was subjected to stability studies at 4oC
and at room temperature that is 25oC for a period of
3 months. The samples were withdrawn after 30, 60 and
90 days and evaluated for parameters such as pH, Drug
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content, gelation temperature, in vitro drug release and
viscosity before and after gelation at 5 rpm.19
RESULTS & DISSCUSSION
Clarity, pH and visual appearance

All the prepared formulations were free flowing liquid
at room temperature, clear, and free of any particulate
matter. Normal physiological pH of eye ranges from
7 to 7.4. The pH of all formulation was found in the
range of 7.0 to 7.5 (Table 2) which was within the
physiological range of eye hence would not cause any
irritation upon administration.
Determination of drug content

Drug content was determined by UV spectrophotometer
at 280 nm using simulated tear fluid as the dissolution
medium. Drug content of formulations LF1-LF9 were
in the range of 95.55 to 98.18% (Table 2) indicating
uniform distribution of drug.
Gel strength

Gel strength is determined at physiological temperature of
eye (37oC ± 1oC). Gel strength observed for the in situ gel
formulations is as shown in (Table 3). There was gradual
increase in the gel strength of formulations with increase
in concentration of Pluronic F68 due to enhancement
in ethylene oxide/propylene oxide ratio of pluronic 127
when combined with it.20 Formulations containing 1.5%
of sodium alginate showed higher strength as compared
to 0.5% concentration. This may be due to interaction of
sodium alginate with pluronic leading to increase in the
molecular weight of hydrophobic molecules.
Gelling Capacity

The gelling capacity of all Temperature Sensitive formu
lations is as shown in (Table 3). All formulations showed
immediate gelation and remained for extended period of
time. The formulations should have an optimum gelling
capacity, so that after instillation into the cul de sac of
eye as a liquid (drops), it would undergo a rapid sol-to-gel
transition and would preserve its integrity without dissolving or eroding for a prolonged period of time.8
Gelation Temperature

Gelation temperature of the formulation is in the range
of 31.1oC to 39.3oC as dipcted in Figure 1. It was observed
that with increment in the concentration of pluronic
F 68, the gelling temperature increases but up to a certain
limit. Pluronic F127 alone showed gelation temperature
at 30-32oC which was increase to physiological temperature by addition of pluronic F-68. Pluronic F-68 with 1%
S100

concentration showed gelation temperature in the range
of 35.2oC-31.1oC for formulations LF1-LF3. It showed
gelation temperature from 37.2-34.2 for formulation
LF4-LF6 with 2% concentration and 39.3-37.6 for LF7LF9 with 3% concentration. There was gradual decrease
in the gelling temperature even though concentration
of Pluronic F68 remains same for the respective three
formulations. This decrease may be due to bioadhesive
polymer that is sodium alginate. With gradual increase
in the concentration of sodium alginate from 0.5 to 1.5
there was decrease in gelation temperature. The gelation
lowering effect of bioadhesive polymer could be
explained by their ability to bind to the polyoxyethylene
chains present in the pluronic molecules. This will promote
dehydration, causing an increase in entanglement of
adjacent molecules and extensively increasing intermolecular hydrogen bonding which will lead to gelation at
lower temperature.21 Ideally in situ gel which are free
flowing liquid at room temperature turns to gel at physio
logical temperature are considered optimized as gelation
at lower or higher physiological temperature will either
cause difficulty in administration or get drained by tear
fluid respectively. Thus by variation in the concentration of polymer the gelling temperature can be attained
in the range of physiological temperature of eye. LF5
formulation contain 2% pluronic 68 and 1% sodium
alginate showing gelation at temperature 37oC (physio
logical temperature of eye). Thus it is optimized.
Effect of Dilution on Gelling Temperature

The phase transition temperature for all formulations
was as tabulated in (Figure 1). No significant change
was observed in gelation temperature when diluted with
STF showing the efficacy of formulation to remain in
gel form even when diluted with tear fluid.
Rheological studies

An ophthalmic formulation must have an optimum
viscosity that will allow easy instillation into the eye
as liquid drops and which would undergo rapid so gel
transition upon instillation in the eye. Viscosity of all
formulation is depicted in Figures 2, 3 & 4. It was
observed that with increase in temperature there was
drastic increase in viscosity. This may be attributed to the
miceller formation of PEO/PPO ratio of Poloxomer
at higher temperature. All the formulation exhibited
Pseudo plastic behavior that is with increase in shear
rate they showed decrease in viscosity. This shear thinning behavior is responsible for uniform distribution of
drug on the corneal surface of eye. The high viscosity at
lower shear rate helps to increase the contact time of In
situ gel on the corneal surface.

Indian Journal of Pharmaceutical Education and Research | Vol 50 | Issue 2 (Suppl.)| Apr-Jun, 2016

Padmaja et al.: Thermo sensitive in situ ocular gel of lomefloxacin

This pseudo plastic behavior of gel that is with increase
in shear rate decrease in viscosity is mainly necessary as
range of shear rate experienced during relative movement of eyelids and globe is extremely wide which leads
to ocular shear rate of about 0.03 s-1 during interblinking
periods and 4250-28500 s-1 during blinking.22,23 Also it
was found that there was no significant effect of tear
fluid on the viscosity of gel confirming efficacy of gel
to remain stable in cul de sac of eye.
In vitro drug release

The release of drug from these gels was characterized
by an initial phase of high release that is burst effect.
However, as gelation proceed the remaining drug was
release at a slower rate. (Second phase of moderate
release). This biphasic pattern of release is a characteristic feature of matrix diffusion kinetics. The results
showed that the formed gels had the ability to retain the
drug for the period of 8 h (duration of study). It was
found that the drug release of the formulations were
in the range of 76.99-90.48%. The release rate showed
that with increase in concentration of PF-68 and
Sodium alginate there was decrease in the release rate of
the drug which functioned as an increasingly resistance
behavior to drug release. Due to increase in the number
and size of the micelle within the gel structure it leads
to enhanced resistance resulting in formation of more
dense gel giving sustained release. It was also noted that
with increment in sodium alginate concentration there
was decrease in the release rate of drug proving interaction of sodium alginate with the miceller entanglement
giving more dense arrangement to gel. Above results
indicated that the structure of gel functioned as a
barrier to drug release. Such enhanced resistance may
be due to increase in size of micelle within the gel structure which leads to higher viscosity and sustained drug
release. The in vitro release profile of formulations are
shown in (Figure 5). The release data were fitted to various
kinetics models in order to find out mechanism of
drug release. All the formulation in the study were best
expressed by Higuchi indicating the release process was
diffusion controlled. The diffusion exponent (n) values
for all formulations were less than 0.5 indicating fickian
mechanism of drug release. The in vitro release profile
of LF5 was compared with pure drug solution. The
cumulative percentage drug release after first 15 min
was found to be 35.36 % and 20.47% (Figure 6) for
the pure drug and optimized LF5 formulation respectively. At the end of 3 h the cumulative percentage drug
release was 98.39% and 41.13% for pure drug solution
and LF 5 formulation.

Ex vivo corneal permeation studies

The permeation of the optimized formulation LF5
through goat cornea was 79.28% (Figure 7). The drug
diffuse through the corneal membrane was less as
compared to drug diffuse with dialysis membrane.
These may be because the cornea is made up of epithelium (lipophilic), stroma (hydrophilic) and endothelium
(less lipophilic then epithelium) which act as lipophilic–
hydrophilic barrier for corneal penetration while dialysis
membrane act as a mechanical barrier.23
Antimicrobial activity

The result of the antimicrobial efficacy tests shown in
(Figure 8). The study indicates that Lomefloxacin hydrochloride retained its antimicrobial activity after formulated into an in situ gel. The drug was active against the
selected staphylococcus aureus organism as indicated by
zone of inhibition.
Isotonicity studies

The optimized test solution did not showed swelling or
shrinkage of blood cells.
Ocular irritation studies

The Optimized formulation LF5 was non irritating
with no ocular damage. There was no signs of redness,
mucous formation or inflammation.
Efficacy against bacterial conjuctivities

During the treatment eyes were observed for the redness, lacrimal secretion, mucoidal discharge and swelling of eyelid. The improvement in the symptoms was
observed with sol to gel systems. Symptoms associated
with conjunctivitis were reduced faster with sol-gel
formulation as compared to pure drug formulation. Sol
to gel system took 5 days to cure the infection while
pure drug solution was unable to cure in 5 days.

Figure 1: GT before and after dilution with STF 7.4
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Figure 2: Viscosity of formulation F1-F3 at 25oC ± 1oC & 37oC ± 1oC

Figure 3: Viscosity of formulation F4-F6 at 25oC ± 1oC & 37oC ± 1oC

Figure 4: Viscosity of formulation F7-F9 at 25oC ± 1oC & 37oC ± 1oC

Figure 5: Comparative diffusion profile of formulations
LF1-LF9
S102

Figure 6: Comparative diffusion profile of formulations LF5,
and pure drug solution
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Figure 7: Comparative diffusion profile of formulations LF5,
and pure drug solution

Figure 8: Antimicrobial activity against styphalococcus
aereus

Short term stability studies

The physical appearance of the formulation LF5 stored
at room temperature changed slightly. The viscosity was
found to increase when stored at room temperature but
not in significant amount. The drug content of the formulation stored at 40C showed no significant variations
but of that stored at room temperature varied significantly. This variation in the drug content can be attributed
to the dehydration of gel formulation. From the results
it can be interpreted that the prepared sol gel LF5 can
be best stored at 4ºC ± 1ºC.
CONCLUSION
Thermoreversible sol gels are shear thinning systems
which show temperature dependent gelation. Lomefloxacin Hydrochloride is a broad spectrum antibiotic
effective against gram positive and gram negative Bacteria. A combination of Pluronic F127 and Pluronic F68
along with sodium alginate was used to prepare the gel
base.
The FTIR studies revealed the presence of compatibility between the drug and the formulation excipients.
PF127 (18%w/v), PF68 (2%w/v) and Sodium alginate

(1%) in combination were selected as the optimized
polymer concentration.
The rheological studies confirmed sol to gel transition
at physiological eye temperature.
The pH of all formulations was in between 7 to 7.4.
The drug content for all formulations was in between
95.55 to 98.18 % which ensures dose uniformity in the
formulation.
The gelation studies showed that, prepared insitu gels
instantaneously when contacted with STF. The formed
gels would enhance the ocular contact time of Lomefloxacin Hcl in eye which in turn prolong the residence
time of drug.
From the Rheological studies it was observed that all
formulation exhibited pesudoplastic rheology as evidence by decrease in viscosity with increasing in angular
velocity.
In-vitro drug release study indicated controlled drug
release over a period of 8 hours.
Formulation LF5 containing 18% w/v PF 127 , 2 %w/v
PF68 and 1 % sodium alginate was selected as the optimized one as it showed gelation near physiological temperature and 89.38% drug release at the end of 8 hours.
All the formulations in this study were best expressed
by Higuchi’s model as the plots showed good linearity.
(R2: 0.973-0.981) The linearity of the plot indicated that
the release process was diffusion controlled.In peppas
model n values for formulation ranged from 0.3380.407 indicating that the release mechanism was Fickian
release (n< 0.5).
Formulation LF5 was selected as the best formulation
because it exhibited good gelling capacity, optimum viscosity and 89. 38% in vitro drug release in 8 hours study.
The optimized formulation LF5 showed satisfactory
tolerance during rabbit eye irritation studies. Formulation LF5 cured infection of bacterial conjuctivities
within 5 days .
The results of short term stability studies indicated that
, the most suitable storage condition for Insitu gel of
Lomefloxacin Hcl was 4oC ± 1oC
The optimized formulation exhibited promising antimicrobial activity against the clinical isolates of staphylococcus aureus.
The formulation can be used as once a day application
in the treatment of Bacterial conjunctivitis. The future
prospects include improving the water solubility of
drug, In vivo Pharmacokinetic and Pharmacodynamic
studies, Long term stability studies And IVIV Correlation studies.
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PICTORIAL ABSTRACT

SUMMARY
• In the present study thermoreversible sol gel of
Lomefloxacin hydrochloride , a second generation
antibiotic, with the combination of Pluronic F127
,Pluronic F68 and sodium alginate was developed.
• The FTIR studies revealed the presence of compatibility between the drug and the polymers.
• The method of preparation chosen was “cold
technique” as described by Schmolka. The prepared formulations were evaluated for various
parameters such as clarity, pH, drug content,
gelation capacity, gelation temperature, gelling
strength, viscosity , invitro release studies, pharmacokinetics studies, exvivo permeation studies,
antimicrobial activity animal studies and short
term stability studies.
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ABBREVIATIONS USED
ZOI: Zone of Inhibition, LM/LMX: Lomfloxacin Hcl, Cps: Centipoise, CDR: Cumulative Drug Release, % CDR:
Percentage Cumulative Drug Release, °C: Degree Celsius, DSC: Differential Scanning Calorimetry, FTIR: Fourier
Transform Infrared Spectroscopy, ICH: International Conference for Harmonization, λmax: Lambda max, Min:
Minutes, Mg: Milligram, mL: Milliliter, μg: Micro gram, PF 68: Pluronic F 68 (Poloxamer 188), PF 127: Pluronic F
127 (Poloxamer 407), RH: Relative humidity, Rpm: Revolution per minute, Sec: Second, UV: Ultra-violet, w/w:
Weight/Volume, SA: Sodium alginte, LF: Formulation code.
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Formulation and Evaluation of Gastroretentive
Floating Microspheres of Lafutidine
Anand Panchakshari Gadad*, Sneha Shripad Naik, Panchaxari Mallappa Dandagi and Uday Baburao
Bolmal
Department of Pharmaceutics, KLE University’s College of Pharmacy, JNMC Campus, Belagavi-590010, Karnataka, INDIA.

ABSTRACT
Background: Gastroretentive floating microsphere containing Lafutidine, a second generation histamine H2–receptor
antagonist were prepared by ionotropic gelation technique by using sodium alginate, HPMC K4M, ethyl cellulose
as polymers, sodium bicarbonate as gas generating agent and calcium chloride as cross linking agent. Objective:
To formulate a system to remain in the stomach for prolonged and predictable period in order to enhance the drug
bioavailability. Method: They were evaluated for micromeritic study, percentage yield, drug entrapment efficiency,
in-vitro buoyancy, surface morphology, in-vitro drug release, in-vivo floating study and stability studies. Results:
The micromeritic parameters of floating microspheres were found to be within the acceptable limits. The particle
size of microspheres containing HPMC K4M was found to be in the range 85-312 μm and that of ethyl cellulose
containing microspheres was in the range of 167-329 μm. The entrapment efficiency was found to be in the range
of 61.5%-79.0%. The floating microspheres were spherical in shape with distinct pores, slightly rough surface
when observed under scanning electron microscopy. The percentage yield was found to be in the range of 75%83.72%. The in vitro buoyancy was found to be in the range of 67.3%-87% and a total buoyancy time of more
than 10 h. The in vitro dissolution studies showed a cumulative % release in the range of 57.15%-87.43%. The
optimized formulation F4 was floating in rabbit stomach for almost 8 h. All the formulations followed KorsemeyerPeppas kinetics indicating drug release by non-fickian release mechanism. The stability studies showed that
floating microspheres were stable at 40 ± 2°C. Conclusion: The optimized formulation showed good floating for
8 h in stomach of rabbit. The formulation was stable at the end of 60 days with stability study.
Key words: Lafutidine, HPMC K4M, Sodium alginate, Ethylcellulose, Floating, Microsphere.

INTRODUCTION
Oral route of drug administration is the most
convenient and commonly used method of
drug delivery but this route usually produces
gastric emptying rate that varies from person
to person with a short stomach transit time
and the existence of large absorption window in the upper small intestine for several
drugs.1
Floating systems are low-density systems
that have sufficiently buoyancy to float over
the gastric content and remain buoyant in
the stomach without affecting gastric emptying rate for a prolonged period of time,
which results in a increased gastric retention
time and a better control of fluctuation in
plasma drug concentration. After release of
drug, the residual system is emptied from
the stomach.2,3
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These difficulties have prompted researchers
to design a drug delivery system which can
stay in the stomach for prolonged and predictable period. Attempts are being made to
develop a drug delivery system which can
provide therapeutically effective plasma
drug concentration for a longer period,
thereby reducing the dosing frequency
and minimizing fluctuation in plasma drug
concentration at steady state by delivering
the drug in a controlled and reproducible
manner.4
Lafutidine is newly developed second generation histamine H2–receptor antagonist,
having poor water solubility and short elimination half-life up to 3.0 hours, belonging
to BCS class-II drugs. It is absorbed more
in the small intestine than in stomach.
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So our intention is to make drug remain in the stomach
for prolonged period of time and thereby increase its
residence time. Drug rapidly binds to gastric cell histamine H2 receptors, thereby inhibiting the stimulation of
cAMP and a resultant decrease in acid production (anti
secretory action).5
As per the literature study, it shows Ionotropic gelation
technique is best adopted method for development of
microspheres and it is one of the approaches to formulate as GRDDS. Most of the literature study revealed a
promising study of sodium alginate with use of effervescent gas generating agents to design the formulation
to float in the stomach media.6,7
MATERIALS AND METHOD
Materials

Lafutidine was procured as a gift sample from Enaltec
labs Pvt. Ltd., Nashik, Maharashtra. HPMC K4M was
procured as a gift sample from Sanofi India Ltd, Goa.
Ethyl cellulose was procured from West coast lab, USA.
Sodium alginate was procured from SD Fine chem.
Ltd., Mumbai. Calcium chloride was procured from
Loba Chemie Pvt. Ltd, Mumbai. Sodium bicarbonate
was procured from RFCL limited, New Delhi. All other
chemicals used were of analytical grade.
Preparation of floating microspheres

Floating microspheres were prepared by Ionotropic
gelation method. Accurately weighed amount of drug
was dispersed uniformly in aqueous mucilage of sodium
alginate with stirring. To this dispersion, desired polymer
in different concentrations was mixed in suitable proportion and stirring is continued. Required amount of
sodium bicarbonate was added to above solution. The
resulting solution was then added drop wise through
26 gauge needle into calcium chloride solution. The
formed microspheres were kept suspended in the solution
for 1 h to improve their mechanical strength and then
collected, washed with distilled water and air dried. The
composition of floating microspheres is given in (Table 1).
CHARACTERIZATION OF FLOATING MICROSPHERE
Micromeritic properties

The microspheres were characterized by their bulk density,
tapped density, compressibility index, Hausner’s ratio
and angle of repose.8
Determination of Percentage yield

The percentage yields of microspheres were calculated as
the weight of the final product after drying to the initial

weight of the drug and polymer used for the preparation of microspheres.9
The percentage yield was calculated by using the following
formula:
% yield =

Practical mass(microspheres)
´ 100
Theoretical mass(drug+polymer)

Determination of drug content and entrapment
efficiency

Accurately weighed 100 mg of microspheres and
crushed in a mortar, 100 ml of simulated gastric fluid
(pH 1.2) was added, the aqueous suspension was then
sonicated for complete dissolution. From the above
suspension, aliquot of 1 ml was taken and diluted to 10
ml. The mixture was then filteredand assayed spectrophotometrically using Shimadzu UV spectrophotometer
(Japan), at 286 nm for the estimation of free drug.10,11
The entrapment efficiency was calculated by using the
following formula:
DEE% =

ACtual
c drug content ´ 100
Theoretical drug content

Determination of In-vitro Buoyancy

Accurately weighed 300 mg of microspheres were taken
and spread over the surface of USP type II dissolution
apparatus filled with 900 ml 0.1N HCl containing Tween
80 (0.02%). The medium was agitated with a paddle at
100 rpm for 12 h. The floating and settled portions of
microspheres were recovered separately. The microspheres were then dried and weighed.12 The buoyancy
percentage was calculated by using the following formula:
Buoyancy (%) =

QF ´ 100
QF + QS

Where,
QF= Weight of the floating microspheres
Qs = Weight of the settled microspheres.
Surface morphology

Shape and surface morphology of floating microspheres
were studied using scanning electron microscopy. The
microsphere formulations were scanned randomly, and
photographs were taken at suitable magnification.13
In-vitro drug release study

In-vitro drug release studies of floating microspheres
were performed using USP type I dissolution apparatus
in 900 ml of 0.1N HCl (pH 1.2) dissolution media at
100 rpm and 37ºC. At each specified interval 5 ml of
the sample was withdrawn and was replaced by equal
volumes of fresh dissolution medium on each occasion.
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The sample was analyzed by UV spectrophotometer at
286 nm.12
Release kinetics

The mechanism of drug release and release rate kinetics
from the floating microspheres were studied by subjecting in vitro drug release studies into various kinetics
models, Zero order, First order, Higuchi matrix and
Korsmeyer Peppas model.14
In-vivo floating behaviour

Floating study was carried out on a New Zealand rabbit
by fasting the animal for 12 h and X-ray photograph was
taken to ensure absence of radio opaque material in the
stomach. The rabbit was made to swallow barium
sulphate loaded floating microspheres with 30 ml water.
At predetermined time intervals the radiograph of
abdomen was taken using an X-ray machine.15
Stability study

The stability studies were conducted according to ICH
guidelines. The stability of floating microspheres were
determined by keeping the optimized formulation (F4)
at 25ºC ± 2ºC and 40ºC ± 2ºC. The samples were tested
after 30th and 60th day for percentage buoyancy drug,
entrapment efficiency and in vitro drug release.
RESULTS AND DISCUSSION
Eight formulations of floating microspheres were formulated using different ratios of HPMC K4M and ethyl
cellulose polymers.
Compatibility studies

FTIR spectroscopy was carried out to study the compatibility of pure drug Lafutidine with the polymer
HPMC K4M, Sodium alginate and Ethyl cellulose used
in the formulation of floating microspheres. All important
functional group frequencies for Lafutidine showed no
significant shifts in combination spectra indicating no
interaction between Lafutidine and polymers (Figure 1).
It shows that there was no significant change in the
chemical integrity of the drug.
Percentage yield

Percentage yield of all the formulations ranged from
75%-83.7%. As shown in result, microspheres containing
HPMC K4M exhibited higher percentage yield than
ethyl cellulose microspheres (Table 2).
Percentage entrapment efficiency

Entrapment efficiency of all the formulations ranged
from 61.5% to 79%. As shown in result, microspheres
formed from HPMC K4M exhibited good encapsulation efficiency than ethyl cellulose (Table 2).
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In vitro buoyancy

The floating ability of the prepared beads were evaluated in acidic buffer (pH 1.2). The floating ability of the
beads is directly related to the amount of gas generating agent added, in order to make the beads to float
onto the surface of the media. Floating capacity of all
the formulations ranged from 67.3% to 87% (Table 2).
All the formulations showed a total floating time of for
more than 10 h.
Particle size and surface morphology

The mean particle sizes of the Lafutidine microsphere
formulations ranged from 85 µm-329 µm. The microspheres prepared with HPMC K4M showed smaller
particle size than those prepared with ethyl cellulose
which showed larger particle size. The microscopy
image of the optimized formulation is shown in (Figure 2).
The prepared microspheres were spherical in shape
with slight distinct pores of the slightly rough surface
of microspheres.
In vitro release study

The in vitro drug releases of all the formulations were
found to be in the range of 57.15% to 87.43% at the
end of 10 h. Drug release from microspheres prepared
with HPMC K4M showed higher release compared to
that prepared with ethyl cellulose. The comparative
in vitro release profile of the formulations is shown in
the (Figure 3).
By considering the percentage yield, drug entrapment
efficiency and the in vitro drug release studies, the formulation F4 was selected as the optimized formulation.
Release kinetics

The release data was fitted to various kinetic models in
order to determine the release constant and regression
coefficient (R2). The drug release profiles for formulations
(F1 to F8) were best fitted with Korsmeyer Peppas model
based on regression coefficients of 0.9973, 0.9979,
0.9965, 0.9963, 0.9979, 0.9958, 0.9974, and 0.9939
respectively. The diffusion exponent (n) values for all
the formulations were greater than 0.5, indicating the
drug release by non-fickian diffusion mechanism.
In-vivo floating behaviour

The in vivo gastric residence was studied by radiological
studies (X-rays) of radio labeled microspheres using
rabbit as animal model. Radiographic images (Figure 4)
shows X-rays scans taken on the rabbit during radiological studies. It can be interpreted from the images
that the microspheres were clumped together, intact and
remained floating for [F4] 8 h.
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Figure 1: FTIR Spectra of Lafutidine and physical
mixture(HPMC K4M+Ethyl cellulose + sodium alginate)

Figure 2: SEM photograph of Optimized Formulation F4

Figure 4: In vivo X-ray floating study of optimized
formulation F4
Figure 3: In vitro release profile of Lafutidine floating microspheres for formulations F1-F8 in 0.1N HCl

Table 1: Composition of Lafutidine floating microspheres
Formulations

F1

F2

F3

F4

F5

F6

F7

F8

Lafutidine (mg)

20

20

20

20

20

20

20

20

Sodium alginate (%w/v)

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

HPMC K4M (mg)

20

40

60

80

-

-

-

-

Ethyl cellulose (mg)

-

-

-

-

20

40

60

80

Sodium bicarbonate (mg)

2500

2500

2500

2500

2500

2500

2500

2500

Calcium chloride (%w/v)

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

Table 2: Results of yield, Floating buoyancy study and Drug Entrapment Efficiency of
Lafutidine floating microspheres
Formulation code

Percentage yield*
(%)

In vitro buoyancy*
(%)

Drug entrapment Efficiency*
(%)

F1

77.3 ± 0.816

87.0 ± 6.00

69.3 ± 0.06

F2

80.2 ± 1.632

82.3 ± 7.54

72.3 ± 0.03

F3

82.4 ± 2.160

77.3 ± 6.55

75.7 ± 0.06

F4

83.7 ± 2.054

70.0 ± 8.18

79.0 ± 0.05

F5

75.0 ± 1.247

83.6 ± 6.08

61.5 ± 0.04

F6

77.9 ± 1.632

78.0 ± 7.54

64.4 ± 0.06

F7

79.9 ± 1.414

73.0 ± 3.0

67.0 ± 0.08

F8

81.3 ± 1.632

67.3 ± 13.07

70.2 ± 0.06

*n=3.
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Stability study
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DISCUSSION
Lafutidine floating microspheres were successfully
prepared by Ionotropic gelation method using Sodium
alginate, HPMC K4M and Ethyl cellulose as polymers,
sodium bicarbonate as gas generating agent and calcium chloride as cross linking agent. FTIR spectra of
the physical mixture revealed that the drug and the
polymers used were compatible. The Flow properties
of all formulations were within the acceptable range.
The particle size of floating microspheres were found
to increase with increase in polymer concentration i.e.
the formulations with HPMC K4M gave particles in
the range of 85-312 µm and that of Ethyl cellulose
exhibited particles in the range of 167-329 µm. The
surface topography study of floating microspheres
revealed that the microspheres were spherical in
shape with slightly rough surface having small distinct
pores on the surface which may be responsible for
drug release. The percentage yield obtained in all the
batches was good and in the range of 75% to 83.7%.
The drug release decreased with the increase in polymer concentrations in floating microspheres. Formulations F1, F2, F3, F4, F5, F6, F7 and F8 followed
Peppas model with non fickian drug release mechanism. Radiological studies revealed that the optimized
microspheres remained intact floating in stomach for
more than 10 h.
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PICTORIAL ABSTRACT

ABBREVIATIONS USED
HPMC K4M: Hydroxy Propyl Methyl Cellulose Grade
K4M; ICH: International Conference of Harmonization;
FTIR: Fourier Transform Infrared Spectroscopy.

SUMMARY
• The particle size of floating microspheres were
found to increase with increase in polymer concentration i.e. the formulations with HPMC K4M
gave particles in the range of 85-312 µm and that
of Ethyl cellulose exhibited particles in the range
of 167-329 µm.
• The surface topography study of floating microspheres revealed that the microspheres were
spherical in shape with slightly rough surface
having small distinct pores on the surface which
may be responsible for drug release.
• The percentage yield obtained in all the batches
was good and in the range of 75%-83.7%. The
drug release decreased with the increase in polymer concentrations in floating microspheres.
Formulations F1, F2, F3, F4, F5, F6, F7 and F8
followed Peppas model with non fickian drug
release mechanism.
• Radiological studies revealed that the optimized
microspheres remained intact floating in stomach
for more than 10 h.
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ABSTRACT
Background: Satranidazole is an antiprotozoal and antibacterial drug which falls under class II drug as per
biopharmaceutical classification systems having poor aqueous solubility. Aim: Therefore, present study was aimed
at solubility enhancement of Satranidazole using self emulsified drug delivery system (SEDDS). Methods: SEDDS
was prepared using Oleic acid as oil, Tween 20 and PEG400 as Surfactant and Co-surfactant respectively. For
preparation of stable SEDDS, micro emulsion region was identified by constructing pseudo ternary phase diagram
containing different proportion of surfactant: co-surfactant (1:1, 2:1 and 3:1), oil and water. Physico-Chemical
Evaluation: Total nine SEDDS formulations were prepared (F-1 to F-9) and evaluated for self emulsification time
& dispersibility, droplet size analysis, stability studies, turbidimetry, zeta potential, drug content and in vitro drug
release. Results: Among all the formulations, three formulations (F-1, F-4 & F-7) showed a drug release of greater
than 70% in 45 minutes whereas marketed preparation showed more than 70% of drug release in 90 minutes.
Based on results of self emulsification time & dispersibility, droplet size analysis, drug content and in vitro drug
release, F-7 formulation was selected as an optimized formulation which showed a maximum drug release of
94.89% in 45 minutes. Conclusion: Hence SEDDS formulations can be a potential alternative to traditional oral
drug delivery systems of Satranidazole to improve its solubility.
Key words: Satranidazole, Surfactants, Lipid vehicles, Pseudo ternary phase diagrams, SEDDS.

INTRODUCTION
Protozoal infections are common amongst
the people in undeveloped tropical and
subtropical countries, where sanitary conditions, hygienic practices and control of
vectors of transmission are insufficient.
As protozoans are unicellular eukaryotes,
their cells have metabolic processes closer
to those of human host than to prokaryotic
bacterial pathogens. Therefore, protozoal
diseases are less easily treated than bacterial
infections.1,2 Literature investigation reveals
that amoebiasis is the second leading cause
of death from parasitic disease worldwide.3
Satranidazole is an antiprotozoal and antibacterial drug belonging to nitroimidazole
derivatives and was selected as a drug of
choice because it is very potent, well tolerated
and clinically effective against common
protozoa.1,4 Satranidazole is a systemically acting drug which is twice as effective as other
S68

nitroimidazoles. It is successfully used in the
treatment of some parasitic diseases (intestinal and hepatic amoebiasis, giardiasis,
trichomoniasis and anaerobic infections).
But it exhibits a low bioavailability which is
related to its poor aqueous solubility. Satranidazole falls under class II compounds as
per biopharmaceutical classification system.5
Several formulation approaches are employed
such as co-solvency, inclusion complexation,
micronization, use of nanosuspensions,
micellar solubilization by surfactants and
solid dispersions to tackle the formulation
challenges of poorly water soluble drugs.6
However their success ratio and utility have
been faced by certain disadvantages. Among
all such delivery systems, one of the most
popular approach is the Self-emulsifying
drug delivery system (SEDDS).7
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Self-emulsifying drug delivery systems (SEDDS) are
comparatively newer lipid-based scientific innovations
with massive promise in oral bioavailability enhancement
of poorly water soluble drugs.8 SEDDS are isotropic
mixtures of drug, lipids and surfactants, usually with
one or more hydrophilic co-surfactants or co-solvents.
Upon dilution with aqueous media and gentle agitation
provided by the gastrointestinal motility, they undergo
spontaneous emulsification in gut lumen.9,10 ‘SEDDS’
is a general term with droplet size below 250 nm. The
small globule size of SEDDS coupled with its surface
activity enables more efficient transport through intestinal membranes, resulting ultimately in more rapid
onset of action.8 Formulation of self-emulsifying drug
delivery system requires less energy input and its stability
is longer than that of conventional emulsions. Benefit
of self-emulsifying formulations over solid dosage formulations is the avoidance of slow drug dissolution.
Therefore, self-emulsifying drug delivery system can be
competent vehicle for class II and IV molecules of the
Biopharmaceutical Classification System (BCS) drugs.11
The present study focuses on preparation of thermodynamically stable self-emulsifying drug delivery system
having self-emulsification efficiency which results in
increased solubility of poorly water soluble drugs.

nm. The content of Satranidazole was determined using
a previously constructed standard calibration curve.12,13
Construction of pseudo ternary phase diagram

Based on the observations of solubility studies, components of emulsion viz. oil phases, surfactants and co
surfactants indicating highest solubility of Satranidazole
were selected. The surfactants and co-surfactants were
blended together in 1:1, 2:1, 3:1 proportions respectively.
These blends of surfactants: co surfactants (S-cos mix)
were mixed with oily phase by adding small amounts
with constant stirring. The proportions of oil: S-cos
mix were varied as 9:1, 8:2, 7:1, 6:4, 5:5, 4:6, 3:7, 2:8
and 1:9. The resultant blends were titrated with distilled
water and visually observed for clarity. The amount of
water at which gel formation or transparency to turbidity transitions occurred was noted and was considered
as the end point of titration. The points before the
end point of titration were considered to be within the
microemulsion region. The values of titration were then
used to determine the boundaries of micoemulsion
region corresponding to chosen values of Oils as well
as S-Cos mixing ratio. Phase diagrams were then constructed using CHEMIX SchoolTM 3.60 (Trial version)
software.14
Preparation of SEDDS formulation of Satranidazole

MATERIALS AND METHODS
Satranidazole was obtained as gift sample from Alkem
Laboratories, Mumbai. Oleic acid and Castor oil were
obtained from Merck specialist Pvt. Ltd. Mumbai,
Isopropyl myristate, Sunflower oil, Tween 20, Tween 60,
Tween 80, Span 20, Span 80, PEG 400, PEG 600 and
Propylene glycol were obtained from Himedia Laboratories Pvt. Ltd. Mumbai.
Saturation solubility study

Equilibrium solubility of Satranidazole was measured
in various oils (viz.Oleic acid, Isopropyl myristate, castor
oil, sunflower oil), Surfactants (viz.Tween 20, Tween 60,
Tween 80, Span 20, Span 80) and Co-surfactant (viz.
PEG 400, PEG 600 and Propylene glycol). An excess
amount of Satranidazole (100 mg) was added to each
of selected vehicles (10 ml) and the mixture was stirred
continuously for 72 hours at 37 ± 1°C. After equilibrium
was attained, the mixture was centrifuged at 3000 rpm
for 10 min, and the obtained supernatant was filtered
through a membrane filter having pore size of 0.45 μ
and diluted with appropriate solvent (Methanol/Chloroform).Absorbance of the filtrate was measured using a
double beam UV/VIS spectrophotometer at λmax of 318

A series of SEDDS were prepared using Oleic acid as
oil, Tween 20 as a surfactant and PE400 as the Co-surfactant (Table 1). In all the formulations, the concentration of Satranidazole was kept constant (i.e., 60 mg/10
ml). The quantities of oil phase, surfactant and co-surfactant in appropriate portions were selected based on
the result of solubility study and observing phase data
of ternary diagram. Accurately weighed Satranidazole
was placed in a glass vial and oil, surfactant and co-surfactant were added. Then the components were mixed
by vortex mixing, until Satranidazole was perfectly dissolved. The mixture was stored at room temperature
until further use.12
Formulation characterization
Self emulsification time and Dispersibility test

Evaluation of self-emulsifying properties of SEDDS
formulations was performed by visual assessment. The
efficiency of self-emulsification of oral nano or micro
emulsion is assessed by using a standard USP XXII
dissolution apparatus 2 for dispersibility test. 1 ml of
each formulation was added in 500 ml of water at 37 ± 1oC.
A standard stainless steel dissolution paddle is used with
rotating speed of 100 rpm provided gentle agitation
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and the time required for the formation of emulsion
is noted.
The resulting mixture was evaluated for precipitation
and phase separation at various time intervals (2, 4, 6,
8, 12, 24 hours). The in vitro performance of the formulations is visually assessed using the following grading
system: 9,12
Grade A: Rapidly forming (within 1 min), nanoemulsion,
having a clear or bluish appearance.
Grade B: Rapidly forming, slightly less clear emulsion,
having a bluish white appearance.
Grade C: Fine milky emulsion that formed within 2 min
Grade D: Dull, grayish white emulsion having slightly
oily appearance that is slow to emulsify (longer than 2
min).
Grade E: Formulation, exhibiting either poor or minimal
emulsification with large oil globules present on the surface.
Droplet size analysis

From each formulation, 0.1 ml of SEDDS was diluted
in 250 ml of water and stirred gently at 100 rpm using
magnetic stirrer. The resulting solution was subjected to
size analysis using Nanotrack with a particle size measurement range of 1 to 6000 nm.9,12
Stability studies

Effect of Dilution: Formulations were diluted with
excess of water, 0.1 N HCl and phosphate buffer
(pH 6.8) and was stored for 24 hours. Later they were
checked for precipitation or phase separation.
Thermodynamic Stability Studies: Thermodynamic
stability studies were carried in three main steps;
Heating cooling cycle: Six cycles of cooling and heating
between refrigerator temperature (4°C) and elevated
temperature (45°C) with exposure at each temperature
for not less than 48 hours are carried. Those formulations,
which are stable, are then subjected to centrifugation test.
Centrifugation: Formulations which pass the heating
cooling cycle are centrifuged at 3500 rpm for 30 min.
Those formulations that doesn’t show any phase separation, are taken for the freeze thaw stress test.
Freeze thaw stress cycle: Three freeze thaw cycles
between -21°C and 25°C with storage at each temperature for not less than 48 hours. Then, formulations were
observed for phase separation, cracking or creaming.10,15
Turbidimetric Evaluation

From each formulation, 0.1 ml of SEDDS was added
to 10 ml of 0.1N HCl under continuous stirring at 100
rpm on magnetic stirrer at optimum temperature and
the turbidity is measured using a Colorimeter at 510 nm.9
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Zeta potential Determination

From each formulation, 0.1 ml of SEDDS was diluted
in 10 ml of distilled water and it was employed to determine zeta potential. Zeta potential was determined by
Zeta meter.13
Drug content

SEDDS formulation equivalent to 10 mg of Satranidazole, was dissolved in 0.1N HCl. Resultant solution was
diluted appropriately and drug content was analyzed by
UV-spectrophotometer.9
In vitro Dissolution Studies

The in vitro dissolution test was performed in 900 ml
of 0.1N HCl media at pH 1.2 using US Pharmacopeia dissolution apparatus II (Paddle type). The bath
temperature was maintained at 37 ± 0.5oC; the paddle
speed was maintained at 100 rpm. 2 ml of the SEDDS
formulation along with 2 ml of dialyzing medium (0.1
N HCl) were filled in the dialysis membrane (0.45 μ)
and used for drug release studies; results were compared
with those of Marketed product (Satrogyl Tablet). At
regular intervals of time, a 5 ml sample of medium
was taken out and subjected to drug analysis using UV
spectroscopy. The removed volume was replaced each
time with 5 ml of fresh medium.12
Short term Stability study

Stability study was performed on the optimized formulation; the formulation was subjected to different
temperature and humidity conditions i.e. Accelerated
Conditions (40 ± 2ºC) and 75 ± 5% RH and Room
Temperature (25 ± 2ºC) and 60 ± 5% RH of 2 months.
Sample was withdrawn at the interval of 1 month and
was evaluated for drug content, droplet size and self
emulsification.16
RESULTS
Saturation solubility study

Selection of oils, surfactant and co-surfactant was done
on the basis of solubility. The oils, surfactant and
co-surfactants which were able to solubilize the maximum amount of drug were selected. From the results
it was clear that the Oleic acid, Tween 20 and PEG 400
solubilised maximum amount of drug (Figure 1, 2, 3).
Therefore, they were selected for further studies.
Construction of pseudo ternary phase diagram

Based on the observations of solubility studies, components of emulsion viz. oil phases, surfactants and co
surfactants indicating highest solubility of Satranidazole
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Figure. 1: Solubility of Satranidazole in various Oils

Figure. 4: Pseudo ternary phase diagrams of (a) S-Cos mix
1:1, (b) S-Cos mix 2:1 and (c) S-Cos mix 3:1

Figure. 2: Solubility of Satranidazole in various Surfactants

Figure. 5: In vitro drug release from various Satranidazole
SEDDS

Figure. 3: Solubility of Satranidazole in various
Co-surfactants

were selected. Pseudo ternary phase diagram was constructed to find out micro emulsion area. In the results
of Pseudo ternary phase diagram where, surfactant:
co-surfactant (3:1) showed larger micro emulsion area
than for surfactant: co-surfactant (1:1 and 2:1). In the
(Figure 4), Golden yellow colour indicates microemulsion
area.
The size of micro emulsion area in the (Figure 4)
depends upon the amount of water consumed in the
titration. Larger micro emulsion area indicates maximum

amount of water required for formation of emulsion.
Therefore, for the preparation of SEDDS formulation,
Oil: S-Cos mix 1:9, 2:8 and 3:7 were selected from all
the three ratios of surfactant: co-surfactant (1:1, 2:1 and
3:1).
Formulation characterization
Self emulsification time and Dispersibility test

In vitro performance of SEDDS formulation can be
assessed by this test. The results of Self emulsification
time and Dispersibility test are as shown in the (Table 2).
Self emulsification time was observed within the range
of 34.6 to 308.3 sec. From the results it was observed
that, increase in oil composition will lead to increase in
self emulsification tim e.
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Table 1: Formulation table
Formulation Code

Formulation
Ingredients
Oil : S-Cos mix
(Oleic Acid : Twee

F-1

F-2

F-3

F-4

F-5

F-6

F-7

F-8

F-9

1:9

2:8

3:7

1:9

2:8

3:7

1:9

2:8

3:7

S : Cos mix

1:1

2:1

3:1

Total volume (ml)

10

10

10

10

10

10

10

10

10

Amount of drug(mg)

60

60

60

60

60

60

60

60

60

Table 2: Formulation characterization
Formulations

Self
emulsification
time* (Sec)

Grade#

Droplet
size*(nm)

Turbidimetry*
(Absorbance)

Zeta
potential*
(mV)

Drug
content* (%)

F-1

74.6 ± 2.08

C

122.5 ± 21.9

0.03 ± 0.005

-41.2 ± 3.3

98.1 ± 0.9

F-2

168.6 ± 2.08

D

575.3 ± 173

0.13 ± 0.010

-53.7 ± 1.7

91.8 ± 1.3

F-3

209.3 ± 2.08

D

660.3 ± 43.4

0.35 ± 0.184

-34.5 ± 3.2

90.3 ± 1.1

F-4

44.3 ± 3.213

B

85.4 ± 5.42

0.03 ± 0.010

-38.3 ± 2.3

97.5 ± 1.3

F-5

308.3 ± 1.52

D

1,174 ± 60

0.12 ± 0.010

-65.3 ± 7.6

92.7 ± 1.3

F-6

184.3 ± 2.08

D

600.3 ± 22

0.26 ± 0.011

-27.6 ± 2.3

89.6 ± 0.4

F-7

34.6 ± 1.52

A

18.4 ± 9.5

0.01 ± 0.005

-36.7 ± 0.8

99.2 ± 0.2

F-8

317.6 ± 3.05

D

851 ± 245

0.12 ± 0.005

-36.7 ± 2.6

94.1 ± 4.6

F-9

173.3 ± 3.05

D

712.3 ± 12

0.27 ± 0.005

-43.2 ± 1.8

88.8 ± 1.1

*Data are expressed as Mean ± SD (n=3).
#
Data are expressed as Mean (n=3).

Table 3: In vitro drug release from various Satranidazole SEDDS
% Cumulative Drug Release*

Time
(min)

F-1

F-2

F-3

F-4

F-5

F-6

F-7

F-8

F-9

Marketed

0

0

0

0

0

0

0

0

0

0

0

15

68.09±0.62

62.57±0.6

62.75±1.8

71.60±1.2

58.96±2.0

57.75±2.9

74.41±2.2

57.02±2.3

56.47±2.7

65.91±1.0

30

86.09±2.17

82.20±1.1

78.60±1.8

88.28±1.7

79.59±1.7

78.01±1.8

89.29±2.2

77.83±1.6

70.85±2.5

82.61±0.5

45

89.04±0.62

84.02±1.0

82.871.4

91.71±1.6

81.53±1.1

81.24±1.4

94.89±1.1

80.86±0.8

76.71±2.3

83.31±0.9

90

88.12±0.87

87.40±1.6

85.75±0.8

89.08±1.7

85.14±1.5

81.69±0.9

90.71±1.3

82.91±1.2

83.63±2.0

88.56±0.2

180

83.93±0.75

82.76±0.6

81.71±0.4

86.35±0.9

81.99±1.4

78.68±0.8

86.68±1.2

83.32±1.0

81.98±0.4

85.20±0.9

*Data are expressed as Mean± SD (n=3).

Table 4: Short term stability study of an optimized formulation F-7
Optimized Formulation F-7
Evaluation
Parameters
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Initial
(Zero days)

Accelerated Conditions (40±2ºC) and
75 ± 5% RH

Room Temperature (25 ± 2ºC) and
60 ± 5% RH

30 Days

60 Days

30 Days

60 Days

Drug content (%)

99.09

99.03

99.1

99.06

99.04

Droplet size(nm)

18.4

18.9

19.2

18.1

17.6

Self-emulsification
time(sec)

34.6

34.9

35.2

35.3

35.9
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Droplet size analysis

The results obtained for Droplet size analysis
of all the formulations were tabulated in (Table
2). From the result it was observed that, only
three formulations (F-1, F-4, F-7) were within
the range of droplet size of SEDDS i.e. below
250 nm. Variation in the droplet size is related
to composition of SEDDS. Increase in surfactant:
co-surfactant ratio and decrease in oil concentration
will lead to decrease in droplet size of emulsion.17
Stability studies

Effect of Dilution: On visual assessment, no precipitation or phase separation was found which indicate that
all the formulations were stable on dilution.
Thermodynamic Stability Studies: On visual assessment, no precipitation or phase separation was found
which indicate that all the formulations were stable on
thermodynamic studies.
Turbidimetric Evaluation

It is done to monitor the growth of emulsification. The
results obtained for turbidimetry of all the formulations were tabulated in (Table 2). From the results it
was observed that, there was decrease in turbidity upon
increase in amount of S-Cos mix. Turbidity is also
related to droplet size. Larger the droplet size, more turbid
is emulsion.
Zeta potential Determination

The magnitude of zeta potential gives an indication of
the potential stability of the colloidal system. If all the
particles have a large negative or positive zeta potential,
they will repel each other and there is dispersion stability.
The results obtained for zeta potential of all the formulations were tabulated in (Table 2).
Drug content

Percentage drug content was evaluated for all the nine
formulations. The results obtained for drug content of
all the formulations were tabulated in (Table 2). Drug
content was within the range of 88.88 ± 1.1 to 99.29 ±
0.2%. It was maximum for F-7 formulation.
In vitro Dissolution Studies

The dissolution profiles of formulations F-1, F-4 and
F-7 showed a drug release of greater than 70% in
45 minutes (Figure 5), whereas Marketed preparation
showed more than 70% of drug release in 90 minutes.
Among all the formulations, F-7 showed a maximum
drug release of 94.89% in 45 minutes. The results of
in vitro dissolution studies are depicted in Table 3.

From the results of dissolution profiles of formulations
F-1, F-4 and F-7 it can be concluded that the maximum
drug release may be due to their smaller droplet size.17
As the dissolution study was carried out in 0.45 μ (450
nm) dialysis membrane, only F-1, F-4 and F-7 formulations can easily pass through this membrane because of
their smaller size.
Based on results of self emulsification time and disper
sibility, droplet size analysis, drug content and in vitro
drug release, F-7 formulation was selected as an optimized formulation.
Short term Stability study

During short term stability studies, optimized formulation F-7 was withdrawn at the interval of one month
and evaluated for drug content, droplet size and self
emulsification. The results of short term stability studies
are depicted in Table 4. From the results, it was observed
that there was no significant change in droplet size, drug
content and self emulsification time. Hence the formulation was stable.
DISCUSSION
The therapeutic efficacy and bioavailability of any drug
depends upon the aqueous solubility of drug. Solubility
of drug is one of the essential parameter to achieve the
desired concentration of drug in systemic circulation
for the pharmacological response.12 The current study
was performed to describe the function of self emulsifying formulations to enhance the solubility of Satrani
dazole. In case of sparingly soluble drugs that show
dissolution rate limited absorption, the SEDDS offers
an improved rate and extent of oral absorption.18 They
undergo spontaneous emulsification in gut lumen upon
dilution with aqueous media and mild agitation provided
by the gastrointestinal motility. The small emulsion
droplets of SEDDS so formed are easily absorbed from
the gastrointestinal tract through the villi. Hence with
the help of SEDDS for delivery of Satranidazole could
enhance its solubility.
Self emulsifying drug delivery system of Satranidazole
was successfully prepared and evaluated for its solubility
enhancement purpose. Marketed Tablet of Satrani
dazole in traditional form was used as a control in
the present study. The excipients used in the SEDDS
should show maximum solubility for the drug to ensure
maximum solubilization of the drug and to prevent
precipitation of the drug in gut lumen. Therefore, in the
present study Oleic acid, Tween 20 and PEG 400 were
taken into considerations and selected for construction
of pseudo ternary phase diagrams as they solubilised
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maximum amount of drug. Formulations were prepared
based on the results of pseudo ternary phase diagrams
and they were evaluated for self emulsification time &
dispersibility, droplet size analysis, stability studies, turbi
dimetry, zeta potential, drug content and in vitro drug
release. The result of self-emulsification time indicates
that an increase in the proportion of Oleic acid in the
composition resulted in decreasing self-emulsification
time.17 Droplet size of an optimized formulation was
found to be 18.4 ± 9.5 nm. A Mahapatra et al (2014) studied
that ‘SEDDS’ is a general term, typically producing
emulsions with a droplet size ranging from a few nanometers to several-microns. “Self-micro-emulsifying
drug delivery systems” (SMEDDS) indicates the formulations forming oil droplets ranging between 100-250
nm and “Self-nano-emulsifying drug delivery systems”
(SNEDDS) is a modern term with the globule size
less than 100 nm.19 In the present study, the results of
droplet size of optimized formulation is below 100 nm,
hence the optimized formulation is considered to be
‘SNEDDS’. Decrease in oil concentration will lead to
decrease in droplet size of SEDDS. Smaller the droplet
size, larger the interfacial area will be provided for drug
absorption.14 Zeta potential of optimized formulation
was found to be -36.7 ± 0.8 mV. K Sapra et al (2013) studied
on Zeta potential of SEDDS. A high zeta potential
above 25 (either positive or negative) indicates that the
droplets generated after emulsification, shall repel each
other and remain deflocculated and imparts physical
stability to the system.13 Therefore the optimized
formulation appears to be physically stable. The dissolution profiles of formulations F-1, F-4 and F-7 resulted
in spontaneous formation of emulsion with smaller
droplet size showing a faster rate of drug release which
was greater than 70% in 45 minutes whereas Marketed
preparation showed more than 70% of drug release in
90 minutes. Among all the formulations, F-7 showed a
maximum drug release of 94.89% in 45 minutes. Based
on results of self emulsification time and dispersibility,
droplet size analysis, drug content and in vitro drug
release, F-7 formulation was selected as an optimized
formulation. F-7 formulation consists of S-Cos mix
(3:1) and Oil: S-Cos mix (1:9). Thus the study confirmed
that SEDDS formulation can be used as possible alternative to traditional oral formulation of Satranidazole to
improve its solubility.

enhancement purpose. Based on solubility study data,
Oleic acid, Tween 20 and PEG 400 were selected for
construction of pseudo ternary phase diagram. From
the results of pseudo ternary phase diagram, nine formulations were prepared and evaluated for self emulsification time and dispersibility, droplet size analysis, stability
studies, turbidimetry, zeta potential, drug content and
in vitro drug release. Optimized formulation of SEDDS
showed a significant increase in dissolution rate as
compared with marketed preparation. Hence, it can be
concluded that the SEDDS formulations can be potentially
used as an alternative to the traditional oral formulations
for the poorly water soluble drugs like Satranidazole to
improve its solubility and dissolution.
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PICTORIAL ABSTRACT

SUMMARY
• Satranidazole is systemically acting, an antiprotozoal
and antibacterial drug which is twice as active as other
nitroimidazoles.

ABBREVIATIONS

• For the preparation of SEDDS formulation, Pseudo
ternary phase diagram was carried out and based on
pseudo ternary phase diagram; nine formulations (F-1
to F-9) were prepared in different concentrations of oil,
surfactant and co-surfactant.
• The prepared formulations were characterized for
physicochemical properties and in vitro drug release.
Based on in vitro % drug release, Drug content, Self
emulsification time, Dispersibility test and Droplet size
analysis, formulation F-7 (Oil: S-Cos mix in 1:9) was
selected as the best formulation.
• Optimized formulation of SEDDS showed a significant increase in dissolution rate as compared with
marketed preparation. Hence it can be potentially used
as an alternative to the traditional oral formulations for
the poorly water soluble drugs like Satranidazole to
improve its solubility and dissolution.

ABBREVIATIONS USED
°C: Degree Centigrade; mg: Milligram; μg: Microgram; ml: Milliliter; rpm: Rotations per minute; µm: Micrometer;
cm: Centimeters; %: Percentage; min: Minutes; sec: Seconds; SEDDS: Self emulsifying drug delivery system; hr:
Hour; FT-IR: Fourier Transform Infrared Spectroscopy; UV: Ultraviolet; λmax: Maximum Absorbance; RH: Relative
humidity; e.g.: Example; % CDR: Percentage Cumulative Drug Release; nm: Nanometers; cps: Centipoises; R2:
Regression coefficients; S-Cos mix: Surfactant-Cosurfactant mixture.
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Chemical Fingerprinting and Quantification
of Biomarker Wedelolactone in Different Sources
of “Bhringaraja” by High-Performance Thin-Layer
Chromatography and Method Validation
Kirankumar Hullatti*, Analee Rodrigues, Vinod Mannur, Vinayak Mastiholimath, and Vijay Kumar Rasal
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Eclipta alba
Quality-control parameters
Wedelia calendulacea
Wedelia trilobata

Summary
Two different botanical sources, Eclipta alba and Wedelia calendulacea are used as “Bhringaraja” in the Ayurvedic system of
medicine. In the present study, an effort has been made to evaluate different sources by using high-performance thin-layer
chromatography (HPTLC) as an analytical tool. Wedelolactone,
one of the primary constituents of these plants, was taken as the
marker compound for the evaluation. An HPTLC method was
developed and validated for the evaluation of different sources
of “Bhringaraja”. The chromatographic system was developed
using silica gel 60 F 254 HPTLC plates with the mobile phase
toluene–chloroform–ethyl alcohol–formic acid (5:4:1:0.5, v/v).
Linearity was found between the concentration ranges of 80 to
280 ng spot−1 (R2: 0.9994), and limit of detection (LOD) and limit of quantification (LOQ) were found to be 0.36 ng spot−1 and
1.09 ng spot−1. The study has shown the presence of wedelolactone
at the concentration of 0.26% w/w and 0.05% w/w in E. alba and
W. calendulacea, respectively, whereas it was absent in another
closely related species, Wedelia trilobata. At the same time, all
the three plants were subjected to evaluation of quality-control
parameters as per the World Health Organization (WHO) guidelines. Certain parameters such as foaming index, total alkaloids,
and total bitter principles were significantly different in the three
plants. Hence, the present HPTLC method development, and the
validation and evaluation of quality-control parameters would
be helpful in the standardization of individual plants and their
formulations.

1 Introduction
According to the National Medicinal Plant Board of India,
worldwide herbal trade stands at 120.00 billion USD and it
is expected to reach a volume of 70.00 trillion USD by 2050.

K. Hullatti, A. Rodrigues, V. Mannur, V. Mastiholimath, and V.K. Rasal, KLE
University, Nehru Nagar, Belagavi, Karnataka 590 010, India.
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However, in this ever-growing herbal market, Indian share is
quite low. The domestic market of India covers 80 to 90 billion INR, and the export 10 billion INR. The major hurdle
in acquiring the world market is the lack of standardization
of the raw material. This is due to certain difficulties in the
standardization of Ayurvedic drugs, especially those which
are identified by multiple botanical sources. Confusion exists
in the identity of the source material in certain cases where
the origin of a particular drug is assigned to more than one
plants, sometimes having different morphological and taxonomical characters. The standardization of these controversial Ayurvedic drugs based on their chemical and biological
activity profiling could boost the growth of Indian share in the
world’s herbal market [1].
Bhringaraja is one of the well-known drugs in Ayurveda
used in treating various ailments. Primarily, it is used in hair
growth-promoting formulations and in liver disorders. Bhringaraja has a vast market potential in India as well as in the
global market [2]. Ayurveda recognizes two types of Bhringaraja: one with white flowers is Eclipta alba (Linn.) Hassk.
(Syn: Eclipta prostrata Roxb.), and one with yellow flower is
Wedelia calendulacea Less. Non-Rich. (Syn: Wedelia chinensis
Merrill.) [3]; also, another closely related species is Wedelia trilobata (L.) Hitchc. (Syn: Sphagneticola trilobata [L.] Pruski),
which is commonly grown as an ornamental plant and is also
having yellow flowers. All the three plants belong to the Asteraceae family.
E. alba is very commonly used in the Ayurvedic system of
medicine as hair-growth promoter, and the Ayurvedic Pharmacopoeia of India indicates E. alba as having hepatoprotective feature [4]. It is commonly used as a deobstruent to promote bile flow and to protect the liver; used to expel intestinal
worms; and applied in asthma, cough, and in strengthening
the body [5]. The herb is found to contain coumestans such
as wedelolactone and dimethyl wedelolactone, polypeptides,
polyacetylenes, thiophene derivatives, steroids, triterpenes,
and flavonoids. Coumestans are known to possess estrogenic
activity [6]. This could be one of the reasons for its use as
hair-growth promoter as a number of literatures reported the
use of topical estrogen therapy in hair loss [7]. E. alba was
DOI: 10.1556/1006.2016.29.5.1
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found be effective in viral hepatitis where the activity has
been attributed to wedelolactone [8]. W. calendulacea is used
in menorrhagia and abdominal swellings. It is used in treating
various ailments like jaundice and diarrhea [9]. The juice of
the plant contains an oil-soluble black dye along with tannins
and saponins. The leaves are reported to contain isoflavonoids and bisdesmosidic oleanolic acid saponins. The methanolic extract has been reported to contain wedelolactone and
demethylwedelolactone [10]. The areal parts of W. trilobata
are used in traditional medicine in the Caribbean and Central
America against bronchitis, colds, abdominal pains, dysmenorrheal, and even as a fertility enhancer. In folk medicine, it
is employed to treat backache, muscle cramps, rheumatism,
stubborn wounds, sores and swellings, and arthritic painful
joints. W. trilobata mainly consists of terpenoids, flavonoids,
and polyacetylenes as well as steroids [11]. Wedelolactone has
been reported to be present in various concentrations in these
three plants and is tested to be positive in the alternate therapy for osteoporosis [12]. It was also found to be useful in
the prevention and treatment of hepatic fibrosis by virtue of
its antifibrotic effect on LX-2 (HSC cell line) [13]. Luteolin
and apigenin present in E. alba along with wedelolactone have
shown strong inhibitory action on RNA-dependent RNA polymerase (RdRp) activity of HCV replicase [14]. Keeping these
aspects in mind, the present work was formulated to study the
comparative quality-control parameters and phytochemical
analysis with respect to HPTLC fingerprinting and quantitative evaluation of wedelolactone in these three plants.

2 Experimental
2.1 Plant Material

The plants of E. alba, W. calendulacea, and W. trilobata were
collected along with the roots in the month of June and August
from the medicinal plant garden of BMK Ayurveda College,
Belagavi, India. The plants were authenticated by Dr. Harsha
Hegde (Scientist-C), RMRC-ICMR, Belagavi. The herbarium
specimens of the plants have been deposited in the herbarium at RMRC-ICMR with the accession number RMRC-1281
(E. alba), RMRC-1282 (W. calendulacea), and RMRC-1283
(W. trilobata). The plants were washed under running water
and subjected to shade-drying at room temperature. The dried
plants were subjected to size reduction to a coarse powder
(#2000/335) with the help of a grinder, and then in powder form
they were used for the extraction.
2.2 Extraction

The weighed quantity of the dried powder (50 g) of the plant
material was subjected to maceration with 300 mL of ethanol (70% v/v) for 24 h. The extract was filtered through filter
paper, and the marc was dried at room temperature and subjected to Soxhlet extraction with ethanol for 6 h. The extract
was filtered through filter paper and then combined with the
extract obtained from maceration. The combined extract was
then concentrated in a rotary evaporator (IKA RV10 Digital)
at 50°C under vacuum. This process of extraction was followed in order to avoid any possible destruction of thermolabile constituents [15].
Journal of Planar Chromatography 29 (2016) 5

2.3 Preliminary Qualitative Phytochemical Investigation

The preliminary phytochemical screening of the extracts was
carried out for the detection of various secondary metabolites
using standard protocol [16]. The general chemical tests were
performed on the extracts to determine the presence of steroids,
triterpenoids, alkaloids, saponins, flavonoids, etc.
2.4 Physicochemical Evaluation

Physicochemical parameters such as ash value, extractive value,
moisture content, swelling index, foaming index, total tannins,
and total alkaloids were determined as per the World Health
Organization (WHO) guidelines [17]. The tests were performed
separately for three plant materials in triplicate.
2.5 HPTLC Method Development
2.5.1 Standard Preparation of Wedelolactone

Standard stock solution of wedelolactone (200 μg mL−1) was
prepared by dissolving 1 mg of wedelolactone in 5 mL of
methanol.
2.5.2 Sample Preparation of Extracts

The three extracts were prepared separately by dissolving accurately weighed quantities of the extracts in 10 mL of methanol
to get a final concentration of E. alba (39.89 mg mL−1), W. calendulacea (44.92 mg mL−1), and W. trilobata (50.83 mg mL−1).
2.5.3 HPTLC Conditions

An amount of 20 mL of the mobile phase consisting of toluene–chloroform–ethyl alcohol–formic acid (5:4:1:0.5, v/v) was
used. Four different aliquots (2.0, 4.0, 6.0, and 8.0 µL) of solutions of the marker as well as of the extracts were applied on
20 × 10 cm HPTLC plates for fingerprint profile. The constant
application rate of 150 nL s−1 was employed with a band width
of 8.0 mm. The slit dimension was kept at 6.0 mm × 0.45 mm,
and a scanning speed of 20 mm s−1 was employed. The optimized chamber saturation time for mobile phase was 10 min
at room temperature (25 ± 2°C) at relative humidity of 60%
± 5 RH. The plates were developed and scanned within 10
min using densitometric scanner in the remission mode at 254,
366, and 540 nm. The quantitative analysis of the compounds
was done by scanning the plates at 351 nm using a CAMAG
TLC Scanner IV. The identification of wedelolactone was confirmed by superimposing the UV spectra of the samples and
standards within the same R f 0.29 window. A densitometry‒
HPTLC analysis was also performed for the development of
characteristic fingerprint profile, which may be used as fingerprint profile for the quality evaluation and standardization
of the plants.
2.6 Method Validation

The validation parameters such as specificity, linearity, limit
of detection (LOD), limit of quantitation (LOQ), precision,
recovery, and robustness were calculated as per the ICH
guidelines (International Conference on Harmonization, Nov.
2005), and the values found were compared with the acceptance criteria [18].
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2.6.1 Linearity

The content of wedelolactone compound was determined by
using a calibration curve established with a standard concentration range from 80 to 280 ng spot−1. A stock solution of standard
wedelolactone (200 µg mL−1) was prepared in methanol. The
different volumes of the stock solution, 40, 60, 80, 100, 120, and
140 µL, were spotted on a HPTLC plate to obtain concentrations
of 80, 120, 160, 200, 240, and 280 ng spot−1, respectively (band
width 8 mm; distance between tracks 12 mm), using an automatic sample spotter. Each concentration peak area was plotted
against the concentration of wedelolactone spotted or injected.
The linear regression of the standard curve was determined.
2.6.2 LOD and LOQ

The limit of detection (LOD) and the limit of quantification
(LOQ) were determined by signal-to-noise (S/N) ratio. S/N
ratio of 3:1 is considered as standard for valuing LOD whereas,
for LOQ, S/N ratio of 10:1 is considered as standard, at which
analyte can be readily quantified with accuracy and precision.
The LOD and LOQ may be expressed as LOD = 3.3 × σ/S and
LOQ = 10 × σ/S.
2.6.3 Precision

The precision of the method was carried out by performing
repeatability (intra-day) and intermediate precision. Intra-day
precision was evaluated by analysis of replicate (n = 3) applications of freshly prepared standard solutions of the same concentration (80, 160, and 240 ng spot−1) on the same day. Intermediate precision was evaluated by analysis of replicate (n = 3)
applications of the standard solution of the same concentration
(80, 160, and 240 ng spot−1) on three different days. For each
analysis, the percent relative standard deviation (% RSD) of the
peak area was calculated.
2.6.4 Robustness

By introducing small changes in the mobile phase composition,
the effects on the Rf were examined. Mobile phases with altered
compositions like toluene–chloroform–ethyl alcohol–formic
acid (4.5: 4.5: 1: 0.5, v/v) were tried, and chromatogram was run.
The amount of the mobile phase was varied in the range of ±5%.
2.6.5 Specificity

The specificity of the method was ascertained by analyzing diluent (methanol), marker (wedelolactone), and extract (E. alba).
The spots for wedelolactone in the sample were confirmed
by comparing Rf and spectra of spot of sample with that of
marker (standard). The peak purity (90%) of wedelolactone was
assessed by comparing the spectra at three different levels, i.e.,
peak start, peak apex, and peak end positions of the spot. The
purity of the sample spot corresponding to wedelolactone was
determined by taking the spectra and by comparing it with that
of the standard.
2.6.6 Recovery

Accuracy was evaluated in triplicate, at three different concentrations equivalent to 50, 100, and 150% of the wedelolactone,
by adding a known amount of wedelolactone standard to a sample of known concentration and calculating the % mean recovery of wedelolactone for each concentration.
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3 Results and Discussion
3.1 Preliminary Phytochemical Screening

The results indicated that the ethanol extract of the dried plant
powder exhibited a maximum yield of 12.4% for E. alba. The
ethanol extracts of all the three plants indicated the presence
of triterpenoids, alkaloids, and flavonoids. The extract of
W. calendulacea showed the presence of saponins. Phytosterols were absent in W. trilobata. These results clearly indicate
the significant difference among the selected plant extracts with
respect to their phytochemicals, and this can be used in the
quality control of these raw materials.
3.2 Physicochemical Parameters

The physicochemical parameters of the crude drug help in the
source identification and in establishing the standards for the
quality control and purity of the crude drug. The physicochemical parameters of E. alba, W. calendulacea, and W. trilobata
were evaluated as per the WHO guidelines. Certain parameters,
viz., extractive value, ash value, foaming index (saponins present only in W. calendulacea), total polyphenols, bitter principles, and total alkaloidal contents were significantly different in
the three plants which would definitely help in the identification
of adulteration or admixture of these plants. E. alba has shown
the highest amount of total and acid-insoluble ash (16.75% and
9.40% w/w), whereas W. trilobata has shown higher water-soluble ash value (12.7% w/w). Total polyphenols, bitters, and
alkaloids were also found to be in the highest concentration
(38.83 mg g−1 eq. of gallic acid, 0.67% and 8.50% w/w, respectively) in E. alba compared to the other two plants (Table 1).

Table 1
Physicochemical parameters.

Parameters
(% w/w)

Eclipta
alba

Wedelia
calendulacea

Wedelia
trilobata

Extractive value
Alcohol-soluble
Water-soluble

17.43 ± 0.53
7.20 ± 0.16

12.73 ± 0.45
5.92 ± 0.27

15.85 ± 0.52
9.54 ± 0.12

Ash value
Total ash
Water-soluble ash
Acid-insoluble ash

16.75 ± 0.11
8.7 ± 0.28
9.40 ± 0.08

12.55 ± 0.18
10.80 ± 0.28
7.30 ± 0.26

10.5 ± 0.31
12.7 ± 0.22
8.20 ± 0.26

Loss on drying

12.86 ± 0.21

12.72 ± 0.47

14.82 ± 0.29

Crude fiber

26.95 ± 0.41

21.1 ± 0.38

21.45 ± 0.32

Foaming index

<100

120.33 ± 8.08

<100

Swelling index

6.33 ± 0.57

6.66 ± 0.57

7.66 ± 1.15

Total polyphenols
38.83 ± 0.37
(mg g−1 as gallic acid eq.)

22.42 ± 0.54

32.62 ± 0.28

Total tannins

2.91 ± 0.56

1.45 ± 0.68

5.20 ± 0.75

Total bitters

0.67 ± 0.51

0.068 ± 0.71

0.073 ± 0.89

Total alkaloids

8.5 ± 0.78

3.0 ± 1.07

4.0 ± 1.24

All values expressed as mean ± SEM (n = 3)
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Figure 1
HPTLC–densitometric chromatograms of the alcoholic extracts of E. alba, W. trilobata, and W. calendulacea.

3.3 HPTLC Fingerprint

HPTLC fingerprint patterns have been evolved for the extracts
of E. alba, W. calendulacea, and W. trilobata (Figure 1).
The fingerprint pattern has shown significant differences in
the chemical natures of the three plant materials. The major
difference was the presence of the analytical marker wedelolactone in E. alba and W. calendulaceae, and its absence in
W. trilobata. Similarly, the chromatogram has shown the
presence of certain specific peaks in all the three plants. Peak
18 was found in both E. alba and W. calendulacea (R f 0.78

and 0.77), but the UV spectra have shown different patterns
(λmax 362 and 199 nm), and the same was absent in W. trilobata
(Figure 2). Similarly, peak 13 was also found in both E. alba
and W. calendulacea (R f 0.42, λmax 400) and absent in W. trilobata (Figure 3), whereas peak 2 was found to be present in all
the three plants (R f 0.65–0.66, λmax 400) (Figure 4).
3.4 Quantification of Wedelolactone

The HPTLC procedure was optimized with a view to quantifying the two plants with respect to the marker wedelolactone. The

Figure 2

Figure 3

UV spectra of peaks at R f 0.78 in E. alba and W. calendulacea.

UV spectra of peaks at R f 0.42 in E. alba and W. calendulacea.
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3.4.2 Precision

The repeatability of the method was measured by intra-day
and inter-day assay precisions. Intra-day precision was measured by analyzing three different concentrations (80, 160, and
240 ng spot−1) of wedelolactone on the same day, and inter-day
precision was measured by analyzing the same three concentrations on three different days. The % RSD for intra-day analysis was found to be ≤2.0%, and for inter-day, it was ≤3.0%,
which is well within the precision criteria for a method [19].
3.4.3 Robustness
Figure 4
UV spectra of peaks at R f 0.65 in E. alba, W. calendulacea, and
W. trilobata.

mobile phase consisting of toluene–chloroform–ethyl alcohol–
formic acid (5:4:1:0.5, v/v) gave better, sharp, and well-defined
peak resolution. The spot at Rf 0.29 was identified as wedelolactone. The HPTLC plate was visualized at 351 nm, and the
amount of wedelolactone present in each of the two extracts
was calculated. According to the ICH guidelines, the analytical
response was represented as the second order polynomial equation as y = a + b1x + b2x2, where y = peak area, x = concentration
of wedelolactone, a = y intercept, b1 and b2 are constants. The
regression equation was found to be y = −917.6 + 19.06X, and for
the given range of concentration, the correlation coefficient was
found to be 0.9989, respectively, showing a good correlation with
the calibration equation. With the help of the regression equation,
the amount of wedelolactone in E. alba and W. calendulacea was
calculated and found to be 0.25% w/w and 0.05% w/w, respectively. The method was validated as per the ICH guidelines, and
the results are well within the specified limit (Table 2).

The effect of deliberate changes in the composition of the mobile
phase was studied as % RSD. The % RSD of the altered mobile
phase was found to be 0.0419 which is well within the range
of the acceptance criteria, indicating that the method is robust.
3.4.4 Specificity

The specificity of the newly proposed method was ascertained
by superimposing the spectrum of both the standard and the
sample, confirming their purity (Figure 5). The spots for
wedelolactone in the sample were confirmed by comparing
the Rf value of the spot with that of the marker (standard). The
absence of additional peaks in the diluent and the mobile phase
indicates that the method is specific.

Table 2
Summary of the validation parameters for wedelolactone.

Validation parameters

Wedelolactone

Linearity range (ng spot−1)

80–280

Figure 5

R

0.9989

UV spectra of standard wedelolactone and wedelolactone in E. alba.

2

Slope

−917.6

Intercept

19.06

3.4.5 Accuracy

Regression equation

Y = −917.6 + 19.06 * X

Limit of detection (ng spot−1)

0.36

Limit of quantification (ng spot−1)

1.09

Intra-day precision (% RSD)

1.342–1.521

The accuracy of the method was determined by recovery studies
using the standard addition method. A known concentration of
the marker compound was spiked at three different levels, i.e.,
50, 100, and 150% to calculate the closeness agreement between
the true values and the experimental values. The mean percentage recovery was found to be in the range of 99.31–100.3%.

Inter-day precision (% RSD)

1.778–2.549

Accuracy (recovery %)

99.41–100.3

Robustness (% RSD)

0.04197

3.4.1 LOD and LOQ

For the proposed method, the LOD and LOQ were obtained
from the calibration curve. The LOD and LOQ were found to
be 0.36 ng and 1.09 ng spot−1 for wedelolactone.
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4 Conclusion
There have been substantial efforts to standardize the Ayurvedic crude drugs. However, these initiatives need the correct
identity of the source plant material. The long history of the safe
usage of Ayurvedic medicines can be extrapolated only when
the botanical identity of the plant going into those medicines is
established and standardized.
Journal of Planar Chromatography 29 (2016) 5
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Bhringaraja is a well-known Ayurvedic drug with a spectrum
of therapeutic uses. All the studied parameters clearly indicate
that the plants of E. alba, W. calendulacea, and W. trilobata,
belonging to the family Asteraceae, have got different physicochemical and phytochemical profiles. The presence of saponins
in W. calendulacea and the absence of phytosterols in W. trilobata are important observations in these studies.
A validated HPTLC method in this study helped in distinguishing the three plants. The results of the study clearly distinguish
all the three plants in view of all the studied parameters. HPTLC
fingerprinting has shown the clear demarcation among the three
studied sources of Bhringaraja, especially with respect to the
wedelolactone content. W. trilobata is free from this important
phytoconstituent of Bhringaraja, whereas it is present in small
quantities in W. calendulacea compared to E. alba. Hence,
for any preparations, E. alba would be the preferred source of
Bhringaraja over the other two sources. However, W. calendulacea can be used as a substitute. Also, the studied parameters
can be used as tools for the standardization of the aforesaid
plant materials.
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ABSTRACT
Objective: Evaluation of ethanolic extract of Diospyrous malabarica Desr. Bark for anti-diabetic and antioxidant
potentials. Materials and Methods: Diospyros malabarica Desr. bark ethanol extract was studied for the OGTT
study and acute and sub-acute effects on alloxan induced diabetic rats. Blood glucose levels, Serum lipid profiles
and histopathological study of pancreas were performed. The Bark extract was also studied for DPPH radical
scavenging potential. Results: Ethanolic extract of bark of Diospyros malabarica significantly improved the glucose
tolerance test upto 4h., approximately, 17% and 29% reduction in blood glucose level was observed at 2 h and
4 h respectively. Blood glucose lowering potential percentage was 19% at 6 h in acute studyand after 15 days
of treatment it was 39% in Sub acute study. The extract also showed better activity in quenching DPPH radical.
Conclusion: Ethanolic extract (200 mg /kg) treated diabetic rats showed partial restoration of normal cellular
population and size of islet cells.
Key words: Alloxan induced diabetic rats, Antioxidant, Antidiabetic, Diospyros malabarica Desr., Hypoglycemic.

INTRODUCTION
Diabetes mellitus (DM) currently is a major
health problem for the people of the world and
is a chronic metabolic disorder resulting from a
variable interaction of hereditary and environmental factors and is characterized by abnormal insulin secretion or insulin receptor or post
receptor events causing glycosuria, hyperglycemia and a disturbance in carbohydrate, fat and
protein metabolism and water and electrolyte
balance in addition to damaging effect on liver,
kidney and β cells of pancreas.1,2
The number of people suffering from the disease worldwide is increasing at an alarming rate
with a projected 366 million peoples likely to
be diabetic by the year 2030 as against 191 million estimated in 2000. From literature review
it has been revealed that 15-20% of diabetic
patients are suffering from insulin-dependent
diabetes mellitus (IDDM) or type-I.1

Free radicals have been implicated in the causation of several diseases such as liver cirrhosis, atherosclerosis, cancer, diabetes etc. and
compounds that can scavenge free radicals
have great potential in ameliorating these
disease processes. Antioxidants thus play an
important role to protect the human body
against damage by reactive oxygen species.
Increased oxidative stress has been postulated in the diabetic state.3 Antioxidants have
been shown to reduce the risk of diabetes
onset, improve glucose disposal and improve
some of the associated complications.4
Many synthetic antioxidants such as butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT) and propyl gallate
(PG) have been used to retard the oxidation
process; however, the use of synthetic antioxidants must be under strict regulation due
to potential health hazards.5 The search for
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natural antioxidants as alternatives is therefore of great
interest among researchers. The consumption of a diet
rich in fresh fruits and vegetables has been associated
with a number of health benefits including the prevention of chronic diseases. This beneficial effect is believed
to be due, at least partially, to the action of antioxidant
compounds, which reduce oxidative damage in the body.5
Many plant species have been utilized as traditional
medicines but it is necessary to establish the scientific
basis for the therapeutic actions of traditional plant
medicines as these may serve as the source for the
development of more effective drugs.
Diospyros malabarica Kostel belonging to the family Ebenaceae is a medium size evergreen plant found in India. It is
popular as Gab or Tinduk. Different phytochemicals have
been isolated from leaf and bark which include β-sitosterol,
betulin, betulinic acid, oleanolic acid, lupeol and gallic acid.
The plant is traditionally used for the treatment of dysentery and menstrual problems. The plant is also used in
snake bite and it possesses antifertility activity. Its fruit juice
is useful in the treatment of wound and ulcer, stem bark is
useful in intermittent fever. The bark also possesses hypoglycemic, antiviral and antiprotozoal activity.6
The literature screened in the process of the proposed
work indicates that the selected plant contain classes of
chemical constituents which have shown antidiabetic
180

and antioxidant activities. A literature survey revealed
that Diospyros malabarica bark ethanol extract has no scientific claims for anti-diabetic and antioxidant activity.
Phytochemical and pharmacological investigations of
this plant may yield useful information and material for
better management for preventing the production of
the free radicals and diabetes.
MATERIALS AND METHODS
Animals

Healthy adult male Wistar albino rats weighing between
170-200 gm were used for the antidiabetic studies, whereas
Swiss albino mice of either sex (20-25 g weight) were used
for determination of acute toxicity study. The animals
were divided into groups comprising of six animals in
each group, with free access to commercial rat pallet diet
and water ad libitum. The animal room was maintained at
(25 ± 2)°C with timed lighting on from 6 am to 6 pm
and relative air humidity of 30 to 60%. The Institutional
Animal Ethics Committee (Vide: JNMC/IAEC/Res2/9/2008 dated 19th December 2008) approved the study.
Chemicals

All chemicals and solvents used were of analytical grade.
Glibenclamide was obtained from Hoechst India.
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Collection of Plant material

Oral glucose tolerance test (OGTT)9

The barks of Diospyros malabarica were collected from surrounding areas of Belagavi districts, Karnataka, India.
The specimen was authenticated from Prof. R. S. Goudar,
Dept. of Botany, KLES’s R. L. Science Institute, Belagavi,
Dist. Belagavi, Karnataka India. The herbarium is prepared
and stored at Department of Pharmacognosy, K.L.E.S’s
College of Pharmacy, Belagavi, Karnataka, India.

Fasting blood glucose level of each rat was determined
at zero time after overnight fasting with free access to
water. Rats were divided into three groups containing
six rats each. The first group of animals received 1 ml
of 1% gum acacia suspension orally (Control animals).
Remaining groups received Glibenclamide (2.5 mg/kgStandard) and Diospyros malabarica bark ethanol extract
(200 mg/kg),by oral route using an orogastric tube
respectively. Glucose (2 gm/kg) was orally administered
30 min. after the administration of extract or Glibenclamide or gum acacia suspension. Blood samples
were collected from the tail vein under ether anesthesia
just prior to and 30, 60, 120 and 240 min after glucose
loading. Glucose levels were estimated using glucoseoxidase-peroxidase reactive strips and a glucometer
(Sugar-check, Wockhardt Ltd, Mumbai, India).

Preparation of plant extract

Barks of Diospyros malabarica was shade dried at room
temperature. After complete drying these were subjected to size reduction in a grinder and then sieved
through sieve no.40 to get a fine powder, separately.
This facilitates the extraction process more effective.
These powders of all the four different plants are stored
in well-closed glass jars and labeled accordingly.
For extraction of these plant parts cold maceration
method and continuous hot extraction (Soxhlet apparatus, 95% ethanol and petroleum ether (40-60%) were
used. All the extracts were concentrated under reduced
pressure at 40°C to yield a syrupy mass and stored in
amber colored glass jar in refrigerator at 2-8°C for further investigations and evaluations.
Preliminary phytochemical investigations

Preliminary phytochemical investigation revealed the
presence of alkaloids, glycosides, tannins, polyphenols,
flavonoids and terpenoids in ethanolic extract of Diospyros
malabarica bark. The presence of these preliminary phytochemical investigations was also supported by a work.7
Experimental design

Screening of Diospyros malabarica bark ethanol extract
for anti-diabetic action was done in rats by conducting
glucose tolerance test (GTT) study andevaluating their
effects (Single dose and Multidose treatment study) on
blood glucose level, Serum lipid profiles and histopathology of pancreas in alloxan diabetic rats.
Acute toxicity study

Determination of LD50 for extracts is done by OECD
guidelines for fixing the dose for biological evaluation.
The animals were fasted overnight prior to the experiment
and maintained under standard conditions. The LD50 of
the extract as per OECD guidelines 423 falls under 5 mg,
50 mg, 300 mg and 2000 mg/kg b.w. with no signs of
acute toxicity at respective doses. The biological evaluation
of extract is carried out at 1/10 doses of LD50.8

Effect of Diospyros malabarica bark ethanol extract on
blood glucose levels in alloxan induced diabetic rats
[Single dose (Acute) treatment]10

A single intraperitoneal injection of 120 mg/kg of
alloxan monohydrate was employed to induce diabetes in
overnight fasted male Wistar albino rats weighing 170200 gm. After 72 hr, animals with blood glucose levels
higher than 250 mg/dl were considered diabetic and were
included in the study. Animals were divided into four
groups including six rats each. Group I: Normal control
rats administered 1 ml of 1% gum acacia suspension;
Group II: Diabetic control rats administered 1 ml of 1%
gum acacia suspension; Group III: Diabetic rats administered Glibenclamide (2.5 mg/kg) and Group IV:Diabetic
rats administered Diospyros malabarica bark ethanol extract
(200 mg/kg) orally. Blood samples were collected from
the tail vein prior to and at 30 min, 60 min, 2, 4, and 6 h
intervals after the administration of the extract and blood
glucose levels were estimated using glucometer.
Effect of Diospyros malabarica bark ethanol extract
on blood glucose levels and serum lipid profiles in
alloxan induced diabetic rats [Multi dose (sub acute)
treatment]10

Diabetes was induced in overnight fasted adult male
Wistar albino rats weighing 170-200 gm by a single
intraperitoneal injection of 120 mg/kg of alloxan
monohydrate. After 72 hr, animals with blood glucose
levels higher than 250 mg/dl were considered diabetic
and were included in the study. Animals were divided
into four groups including six rats each. Group I: Normal control rats administered 1 ml of 1% gum acacia
suspension; Group II: Diabetic control rats administered 1 ml of 1% gum acacia suspension; Group III:
Diabetic rats administered Glibenclamide (2.5 mg/kg)
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Table 1: Effect of Diospyros malabarica bark ethanol extract on the blood glucose levels in
glucose loaded rats
Exp. Group
(n=6)
I

Treatment
Normal control
(1% gum acacia)

Blood glucose concentration (mg/dl) (mean ± S.E.M.)
In fasting

30 min

60 min

120 min

240 min

92.8 ± 2.9

161.6 ± 4.1

162.7 ± 2.6

161.2 ± 3.5

132.6 ± 3.2

II

Glibenclamide (2.5
mg/kg)

96.0 ± 2.4

143.0 ± 2.4*

145.8 ± 1.2*

137.0 ± 2.2*

98.9 ± 1.2*

III

Diospyros malabarica
bark ethanol extract
(200 mg/kg)

92.0 ± 5.2

136.0 ± 3.2*

134.5 ± 2.3*

133.0 ± 4.2*

94.03 ± 2.5*

Significantly different from control: *P<0.05; n=no of animals in each group

Figure 1: Effect of Diospyros malabarica bark ethanol extract on the blood glucose concentration in glucose loaded rats

and Group IV: Diabetic rats administered Diospyros malabarica bark ethanol extract (200 mg/kg) orally. These
rats were given the same doses of the extract once daily
for 15 days in this study. Blood samples were collected
from the tail vein of nonfasted rats on days 0, 5, 10 and
15 of extract administration and blood glucose levels
were estimated using glucometer. Serum lipid profiles
on day 15 were measured by an autoanalyzer.
Histopathological studies11

Pancreatic tissues from rats of all groups of Multi dose
(Sub acute) treatment were subjected to histopathological studies. The whole pancreas from each animal was
removed after sacrificing the animal under anesthesia
and was collected in 10% formalin solution and immediately processed by the paraffin technique. Sections of
182

5 µm thickness were cut and stained by hematoxylin and
eosin (H and E) for histological examination.
In vitro Antioxidant–DPPH free radical scavenging
activity12

The free radical scavenging activity of Diospyros malabarica bark ethanol extract was measured by 1, 1-diphenyl2-picryl-hydrazyl (DPPH). For DPPH assay, the method
of Blois was adopted. The capacity of Diospyros malabarica bark ethanol solvent extract to scavenge the lipid-soluble DPPH radical was monitored at an absorbance of
517 nm. Ethanol bark extract (1 ml) of Diospyros malabarica, at different concentration was allowed to react with
DPPH. Thirty minutes later, the absorbance was measured at 517 nm. The percentage inhibition of absorbance was calculated for each concentration relative to
a blank absorbance using the spectrophotometer. The
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Table 2: Effect of Diospyros malabarica bark ethanol extract on the blood glucose levels in alloxan-diabetic rats (Single dose treatment /acute study)
Exp.Group

Blood glucose concentration (mg/dl) (mean ± S.E.M.)

Treatment

(n= 6)

0 hour

30 min

60 min

120 min

240 min

360 min

87.2 ± 2.4

88.4 ± 2.1##

90.50 ± 2.3##

90.86 ± 1.8##

94.4 ± 2.2##

95.76 ± 3.1##

Normal control
I

(1% gum
acacia)

II

Diabetic
control (1%
gum acacia)

288.8 ± 5.0

296.4 ± 5.1*

297.1 ± 5.2*

291.3 ± 4.1*

293.5 ± 3.5*

294.0 ± 4.1*

III

Glibenclamide
(2.5 mg/kg)

298.3 ± 6.2

285.1 ± 7.0*

271.3 ± 9.3*

259.0 ± 11.9*#

253.8 ± 12.1*##

236.9 ± 11.8*##

IV

Diospyros
malabarica
ethanol extract
(200 mg/kg)

280.7 ± 6.4

274.0 ± 6.1*#

266.3 ± 8.1*#

261.8 ± 9.2*

256.2 ± 8.8*#

252.2 ± 9.8*#

P<0.05 Significant, compared to normal, #P<0.05 & ##P<0.01 Significant, compared to diabetic control ; n=no of animals in each group

*

Figure 2: Effect of Diospyros malabarica bark ethanol extract on the blood glucose concentration in alloxan-diabetic rats (Single dose treatment / acute study)

Table 3: Effect of Diospyros malabarica bark ethanol extract on the blood glucose levels in
alloxan-diabetic rats (Multidose treatment /sub acute study)
Exp.Group
(n=6)
I

Treatment
Normal control
(1% gum acacia)

Fasting blood glucose concentration (mg/dl) (mean ± S.E.M.)
0th Day

5th Day

10th Day

15th Day

87.35 ± 2.2

87.75 ± 2.8##

87.35 ± 2.3##

88.35 ± 1.8##

II

Diabetic control (1% gum
acacia)

288.2 ± 5.2

277.6 ± 7.1**

268.3 ± 4.2**

256.8 ± 4.1*

III

Glibenclamide (2.5 mg/kg)

300.3 ± 6.9

222.3 ± 12.3**##

190.3 ± 12.8**##

172.3 ± 14.3**##

IV

Diospyros malabarica
bark ethanol extract (200
mg/kg)

276.3 ± 6.7

220.3 ± 12.5**#

166.3 ± 6.5**##

158.3 ± 6.4**##

P<0.01 Significant, compared to normal, #P<0.05 & ##P<0.01 Significant, compared to diabetic control ; n=no of animals in each group

**
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Figure 3: Effect of Diospyros malabarica bark ethanol extract on the blood glucose levels in alloxan-diabetic rats (Multi dose
treatment /sub acute study)

Table 4: Effect of Diospyros malabarica bark ethanol extract on the Serum lipid profiles in
Alloxan-diabetic rats after 15 days of treatment
Exp. Group
(n= 6)

I

Treatment

Normal control

TGL mg/dl

HDL mg/dl

VLDL mg/
dl

LDL mg/dl

Total
Cholesterol
mg/dl

76.83 ± 2.0

50.3 ± 2.1

21 ± 0.9

18 ± 1.2

53.3 ± 2.5

(1% gum acacia)
II

Diabetic control

123 ± 2.7

35.2 ± 0.9

38.3 ± 1.7

39.7 ± 1.9

88.2 ± 2.9

III

Glibenclamide
(2.5 mg/kg)

87 ± 2.3

47 ± 1.8

22.5 ± 1.2

21.2 ± 2.2

59.5 ± 1.7

IV

Diospyros
malabarica bark
ethanol extract
(200 mg/kg)

105 ± 1.8

39.2 ± 0.7

24.2 ± 1.3

27.2 ± 1.3

69 ± 1.4

*P<0.05 & **P<0.01 Significant, compared to diabetic control ; n=no of animals in each group
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Figure 4: Histological morphology of rat pancreas after 15 days of treatment with ethanol extract of Diospyros malabarica bark.
(A) Normal control rats showed normal pancreatic tissue, while (B) Alloxan-induced diabetic rats had severe decrease in number of islets of Langerhans cells and β cells. Pancreatic tissue of diabetic rats treated with (C) Glibenclamide (2.5 mg/kg) and
(D) ethanol extract of Diospyros malabarica bark (200 mg/kg) showed partial restoration of normal cellular population and size
of islet cells

Table 5: DPPH Scavenging activity of Ethanol extract of Diospyros
malabarica bark
DPPH scavenging (% inhibition)
Concentration
(µg /ml)

Ethanol extract of
Diospyros malabarica
bark

BHT
(Butylatedhydroxytolune)

10

2.52

20.08

50

14.01

38.17

100

19.84

59.64

250

37.35

90.26

500

54.08

97.22

1000

73.35

95.23

IC 50

462 µg / mL

419 µg / mL

Data represents mean ± S.E.M. of triplicate analysis
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DPPH scavenging capacity of the extracts is compared
with that of BHT (Butylated hydroxytolune). Lower
absorbance of the reaction mixture indicates higher free
radical scavenging activity. All determinations are carried
out at least three times, and in triplicate. IC50 value in the
tested compound is, the concentration required to scavenge 50% DPPH free radical. Percentage inhibition was
calculated as DPPH radical scavenging activity.
Where, Abs control is the absorbance of initial conc. of
DPPH radical;
Abs sample is the absorbance of DPPH radical + sample Extract /standard
Statistical analysis

Values are presented as mean ±S.E.M. Statistical difference between treatments and the controls were tested
by one-way analysis of variance (ANOVA), followed by
Dunnett’s multiple comparison test using the “Stat” statistics computer program. A difference in the mean values
of P<0.05 was considered to be statistically significant.
RESULTS
Acute toxicity study

Acute toxicity study revealed no mortality or any toxic
reactions with oral administration of ethanol extract
of bark of Diospyros malabarica even at the highest dose
(2000 mg/kg). The biological evaluation of extract is
carried out at 1/10 doses of LD50.8
Oral glucose tolerance test (OGTT)

Ethanol extract of bark of Diospyros malabarica significantly (P<0.05) improved the glucose tolerance test up to
4 h (Table 1 and Figure 1). Approximately, 17 and 29%
reduction in blood glucose level was observed in control
values at the 2 h and 4 h respectively. The Glibenclamide
also improved the glucose tolerance test up to 4 h.
Effect of Diospyros malabarica bark ethanol extract on
blood glucose levels in alloxan induced diabetic rats
[Single dose (Acute) treatment]

An administration of Diospyros malabarica bark ethanol
extract was found to reduce blood glucose level in alloxan
induced diabetic rats in single dose study. Diospyros malabarica bark ethanol extract exhibited significant (P<0.05)
antihyperglycemic efficacy from 1 h after its oral administration, the effect lasted up to 6 h when compared with
normal rats and diabetic control rats. Blood glucose
lowering potential percentage of Diospyros malabarica was
14% at 6 h after administration, while the standard drug
Glibenclamide (2.5 mg/kg) caused 19 % reduction of
186

blood glucose at the same time interval when compared
with diabetic control rats (Table 2 and Figure 2).
Effect of Diospyros malabarica bark ethano lextract on
blood glucose in alloxan induced diabetic rats [Multi
dose (sub acute) treatment]

In order to determine the sub acute effects, Diospyros malabarica bark ethanol extract was administered throughout
15 days consecutively. The blood glucose level of each
animal was monitored on 0, 5th, 10th and 15th days after the
administration of the test samples. As shown in the Table
3 and Figure 3 initial antidiabetic activity was observed on
5th day and continued to increase in all groups during the
experimental period.
During the multi dose treatment period, administration
of ethanol extract of bark of Diospyros malabarica
(200 mg/kg/day) caused a significant decrease of 21%,
38% and 39% in blood glucose levels on 5th, 10th and
15th day intervals, respectively, when compared with diabetic control group.
Effect of Diospyros malabarica bark ethanol extract
on serum lipid profiles in alloxan induced diabetic rats
[Multi dose (sub acute) treatment]

Hyperlipidemia is a common complication of alloxaninduced diabetes mellitus in experimental animals. Observations of hypoglycemic effect of ethanol extract of bark
of Diospyros malabarica in alloxan-induced hyperlipidemic
rats is shown in Table 4. In serum lipid profiles study on
day 15, diabetes which is induced by alloxan lead to a significant changes in levels of Serum cholesterol, triglyceride, LDL, VLDL, and HDL. When compared to control
(healthy rats), serum total cholesterol (TC), triglyceride
(TG), low density lipoprotein (LDL) and Very low-density
lipoprotein (VLDL) increased and high density lipoprotein cholesterol (HDL) decreased clearly in hyperlipidemic rats. After the treatment of ethanol extract of bark
of Diospyros malabarica (200 mg/kg)and Glibenclamide in
hyperlipidemic rats for 15 consecutive days, there was a
significant decrease in serum lipids (TC, TG, LDL and
VLDL), while there was an marked increase in HDL.
Histopathological studies

Histopathological examination of pancreas of these
animals showed (Figure 4) comparable regeneration
of Islets of Langerhans and β cells by ethanol extracts
of Diospyros malabarica bark and Glibenclamide, which
were earlier, under necroses by alloxan. Figure 4 (A-D)
depicts the islets of the pancreas of rats in different
groups. Photomicrographs (A) of the normal healthy
control group showed normal acini and normal cellular
population of the islets of Langerhans. However, in the
alloxan only treated rats, there was extensive damage of
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the islets of Langerhans and they appeared to be irregular (B). Treatment of diabetic rats with glibenclamide
showed moderate expansion of cellular population and
size of islet cells (C). However, ethanol extract (200 mg/
kg) treated-diabetic rats showed partial restoration of
normal cellular population and size of islet cells (D).
In vitro Antioxidant–DPPH free radical scavenging
activity

Several concentrations ranging from 10-1000 μg /ml
of the ethanol extract of bark of Diospyros malabarica
tested for their antioxidant activity by DPPH model. It
has been observed that free radicals were scavenged by
the Diospyros malabarica bark ethanol extract in a concentration dependent manner in this DPPH assay (Table
5). The ethanol extract of bark of Diospyros malabarica
showed DPPH radical scavenging activity with an IC50
value of 462 μg /ml when compared with Standard BHT
(Butylated hydroxytolune) IC50 value of 419 μg /ml.
DISCUSSION
Blood sugar control is highly important over time for a
diabetic patient. As the patient ages, the oral hypoglycemic
drugs are not effective in keeping blood sugar levels in
normal range, thus creating many complications. Medicinal plants are used in several countries to manage DM and
are thought to be less toxic than allopathic hypoglycemic
drugs like biguanides, sulphonylureas or insulin therapy.
Oxidative stress has been suggested as a one of the contributory factor in the pathogenesis of diabetes. Diabetes, by itself, increases the production of tissue damaging
reactive oxygen species (ROS) by glucose autoxidation
and/or no enzymatic protein glycosylation.13 Diabetic
patients are exposed to oxidative stress and complications of diabetes, seems to be mediated by oxidative
stress. Hyperglycemia is one of the main causes of oxidative stress in type 2 diabetes. Under hyperglycemia,
the increased blood level of various reducing sugars
promotes protein glycation and advanced glycation end
products (AGEs). Reactive oxygen species (ROS) are
formed in this process, which trigger tissue damage.
Recently, the progressive deterioration of β cell function
in type 2 diabetes has been accounted in the oxidative
stress-induced tissue damage.14
For investigating the free radical scavenging activities of
several natural compounds, the 1, 1-diphenyl -2-picryl
hydrazyl (DPPH) radical was widely used. Plants constitutes a rich source of antioxidants, which include
tocopherols, Vitamin C, phenolic compounds, carotenoids,15 flavonoids, terpenoids, anthraquinones, steroids, strychnine and eugenol alkaloids.16

In the present study, free radicals were scavenged by
the ethanol extract of Diospyros malabarica bark in a concentration dependent manner in the DPPH assay, so it
is concluded that the Diospyros malabarica bark ethanol
extract has potent in vitro antioxidant potential, which is
our primary outcome measure. This antioxidant potential of extract is attributed due to the presence of flavonoids and terpenoids like constituents present therein.
The Overall findings show that ethanol extract of Diospyros malabarica bark possesses marked antihyperglycemic activity which was proved by improvement of
glucose tolerance test and by lowering the blood glucose levels in alloxan-induced diabetic rats in single dose
(acute) and multi dose (sub acute) treatment studies,
which is our secondary outcome measure. The ethanol extract of bark of Diospyros malabarica and Glibenclamide exhibited remarkable blood glucose lowering
effect in glucose tolerance test. The hypoglycemic effect
of plant extract comparable to Glibenclamide, suggests
that the test extracts may act by regenerating the β cells
in alloxan- β induced diabetes.17 Alloxan causes diabetes through its ability to destroy the insulin producing β cells of the pancreas. In vitro studies have shown
that alloxan is selectively toxic to the pancreatic β cells,
causing cell necrosis. The cytotoxic action of alloxan is
mediated by reactive oxygen species, with a simultaneous massive increase in cytosolic calcium concentration,
leading to a rapid destruction of β cells.18
In proposed study, damage of pancreas was observed
in alloxan-treated diabetic control rats (Figure 4B). The
glibenclamide-treated group showed regeneration of
β cells (Figure 4C). The comparable regeneration of β
cells was also shown by ethanol extracts of Diospyros
malabarica bark (Figure 4D). Photomicrographs reinforce healing of pancreas by the ethanol extracts of
Diospyros malabarica as a plausible mechanism of their
antidiabetic activity. The antidiabetic activity of Diospyros malabarica may be due to the presence of flavonoids
and terpenoids. It is reported that flavonoids constitute
the active biological principles of most medicinal plants
with hypoglycemic and antidiabetic properties.19 Over
150 plant extracts and some of their active principle
including flavonoids, quinones and tannins are known
to be used for the treatment of diabetes.20 After Diospyros malabarica treatment, blood glucose, TC, TG, LDL
and VLDL of all tested rats were significantly decreased
and at the same time HDL was increased. This provided
evidence in favor of the view that Diospyros malabarica
could play an important role in treating diabetic and
hyperlipidemic patients. Our study reveals that the plant
containing flavonoids and terpenoids phytoconstituents
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are having antixidant and hypoglycemic potential. No
exact findings about which phytoconstituent responsible for producing such activity is limitation of this study.
However these preclinical data help us to carryout clinical trials to discover promising medicine to treat diabetes and hyper lipidemic disorders in future.
CONCLUSION
It is conceivable that antioxidant/free radical scavenging
activity of Diospyros malabarica bark ethanol extract is one
of the mechanism associated with antidiabetic effect. The
other mechanism is regeneration and moderate expansion
of cellular population and size of islet of Langerhans and
β cells by ethanol extracts of Diospyros malabarica bark.
However, ethanol extract (200 mg/kg) treated-diabetic

rats showed partial restoration of normal cellular population and size of islet cells. These results seem to confirm the alleged antidiabetic activity by the traditional
medicine. This antioxidant and antidiabetic potential of
extract is attributed due to the presence of flavonoids and
terpenoids like constituents present therein.
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SUMMARY
• Diospyros malabarica Desr. Plant belonging to the family Ebenaceae.
• The ethanolic extract of bark, has shown antioxidant and antidiabetic potentials which was proved by DPPH
assay, Oral Glucose Tolerance Test, acute study, sub acute treatment studies and Histopathological study of
Pancreas.
• In present study, the comparable regeneration of β cells was shown by ethanol extracts of Diospyros malabarica Desr.bark, which is a plausible mechanism of the antidiabetic activity.
• The antidiabetic activity of plant may be due to the presence of flavonoids and terpenoids.
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IN VITRO SCREENING OF ACTINIOPTERIS DICHOTOMA FOR ENZYME
INHIBITORY ACTIVITY RELATED TO TYPE 2 DIABETES
Telagari M. and Hullatti K. K.*
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ABSTRACT
Actiniopteris dichotoma Mett. (Pteridaceae) is documented in Ayurveda for treatment of Prameha
(Diabetes), Atisara and skin diseases. However, the antidiabetic properties of this plant have not been
fully validated using scientific tools. The present study screens the A. dichotoma extract and fractions for
enzyme inhibitory (a-amylase and a-glucosidase)
activity related to type 2 diabetes. The extract was
prepared using cold maceration followed by Soxhlation and finally fractionated the combined extracts.
Different concentrations (0.1-0.5 mg/mL) of extract and four fractions were subjected to enzyme
inhibitory assays. The absorbance was measured at 540 and 405 nm and ICso values were calculated.
Fraction 2 has shown highest a-amylase and a-glucosidase inhibitory activity, (ICso values are 0.131 and
0.114 mg/mL) which was comparable wit~ acarbose (0.125 and 0.093 mg/mL). Hence, further studies
may throw light on the antidiabetic potential of A. dichotoma especially in the management of T2D.

Keywords: a-amylase,

a-glucosidase,

Acarbose

-INTRODUCTION
Diabetes mellitus is a chronic metabolic disorder,
characterized by hyperglycemia, which is caused by
failing of insulin production or insulin action or both.
According to an estimation of the International Diabetes
Federation (IDF), approximately 366 million people are
suffering from diabetes and this may double by 20301• Of
the two types of diabetes, type 2 is more prevalent than
type 1, with more than 90% of the total diabetic patients
suffering from it. Type 2 diabetes is a disease caused
by an imbalance between blood sugar absorption and
insulin secretion. Postprandial hyperglycemia plays an
important role in the development of Type 2 diabetes".
Regulating plasma glucose level is vital for delaying
or preventing Type 2 diabetes. The ability of a drug or
diet to delay the production or absorption of glucose by
inhibiting carbohydrate hydrolyzing enzymes such as
a-amylase and a-glucosidase is one of the therapeutic
approaches for decreasing postprandial hyperqlycernia".
At present, the use of insulin secretagogues
and
sensitizers play a major role in therapy. Conversely, the
use of carbohydrate digesting enzyme inhibitors is also
essential for controlling hyperglycemia by reducing the
intestinal absorption of qlucose", Acarbose is one of the
*For Correspondance:
Department of Pharmacognosy,
KLES College of Pharmacy,
Belagavi - 590 010, Karnataka, India
E-Mail: drhullatti@klepharm.edu
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leading inhibitors of carbohydrate metabolic enzymes
in gastrointestinal tract, but it is associated with side
effects such as diarrhea and other intestinal disturbances
like bloating, flatulence, cramping and abdominal pain",
Alternative medicines, predominantly herbal drugs, have
been widely used globally for diabetic treatment over
thousands of years due to their traditional acceptability
and lesser side effects. Therefore, screening of a-amylase
and a-glucosidase
inhibitors in medicinal plants has
received much attention.
Actiniopteris dichotoma Bedd. (Pteridaceae) also
known as "Mayurasikha", is a fern, available throughout
India, especially common in Kumaon Hills and the
Nilgiris, at an altitude of below 1200 m. Ayurveda
describes Mayurasikha as useful drug to treat Prameha
(diabetes), Atisara (diarrhoea), Pravahika" bacterial
infection and fever? There are scanty reports available
regarding the phytoconstituents responsible for inhibiting
the carbohydrate digestive enzymes. Hence, the main
objective of present study was to investigate in vitro,
a-amylase, a-glucosidase inhibitory activity of the hydro
-alcoholic extract, and its fractions of A. dichotoma.
MATERIALS

AND METHODS

Chemicals
a-Glucosidase
(Saccharomyces
cerevisiae),
a-amylase (procaine pancreas) and 3, 5 di-nitro salicylic
acid were purchased from Sigma-Aldrich, Bangalore.
P-{)itro-phenyl-u-D-glucopyranoside
(p-NPG), sodium
carbonate (Na2C03),
sodium dihydrogen phosphate
INDIAN DRUGS 53 (06) JUNE 2016
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Dr. Ha:rsha Hegde, Scientist C (RMRC,
Belgaum),
and a voucher specimen
(RMRC-986) was deposited at RMRC
(ICMR), Belagavi. The whole plant was
washed under running tap water and
dried under shade, coarsely powdered
(#2000/335) and stored in neatly labeled
airtight container.
Extraction

and fractionation

Dried powdered (500 g) material
was placed in 1000 mL conical flask
and then subjected to cold maceration
technique with 70% VN ethanol for 24 h
at room temperature (2r ± 2°C). Extract
was collected and filtered, and the marc
was further subjected to soxhlation for
8 h with ethanol (95% VN). Filtrates of
both maceration and soxhlation were
combined and concentrated by using a
rotary evaporator (IKA RV 10) at 40°C
under reduced pressure.

Q.

0
0.0

Fractionation of extract was carried
out as pe~ Cos et al., (2006) [8] with
EXT
-+- EXT
minor modifications
(Fig.1). Alcoholic
~
ACARBOSE
-+- F4
-+- F4
•••• ACARBOSE
-+ F3
-+ F3
extract was dispersed in 5% wN citric
acid and washed with dichloromethane.
Fig. 2: a - amylase and a - glucosidase inhibitory activity of extract and
Dichloromethane
layer was separated
fractions of A.dichotoma
and it was concentrated to 1/3rd volume by
using rotary evaporator at 40°C under reduced pressure.
Table I: a - amylase and a - glucosidase inhibitory
effects of extract and fractions of A. caudatum, C.
Concentrated dichloromethane layer was partitioned with
argentea and A. dichotoma and acarbose.
90% VN methanol and pet.ether (1: 1) .to get fraction 1,
(F1, 9.65 g) and fraction 2, (F2, 7.15 g). Aqueous layer
Sr. Substance
ICso values of
ICso values of
was concentrated to half and pH adjusted to 9.0 with 10%
No
a-amylase
a-glucosidase
ammonium hydroxide Aqueous layer was washed with
(mg/mL)
(mg/mL)
dichloromethane, which gives fraction 3 and fraction 4
1
Acarbose
0.125
0.093
(F3, 0.584 g and F4, 16.45 g).
0.451
2
Extract
0.391
In vitro assay
Fraction 1
0.366
0.137
3
0.0

0.2
CONCENTRATION
__ Fl

0.4
(mglml)
__ F2

0.6

0.1
0.2
0.3
concentration
__ Fl

0.4

(1TYJ/rri)

0.5
__

0.6

F2

4

Fraction 2

0.131

0.114

a- Amylase

5

Fraction 3

2.354

2.152

6

Fraction 4

3.654

1.584

a -Amylase inhibitory activity of extract and fractions
was carried out according to standard method with
minor moditication". In a 96-well plate, reaction mixture
containing 50 ul.phosphate buffer (1OOmM,pH =6.8),1 OI-lL
a -amylase (2 U/mL) and 20l-lL of varying concentrations
of extract and fractions (0.1,0.2, 0.3, 0.4 and 0.5 mg/mL)
was pre-incubated at 3rc for 20 min. Then the 20l-lL of
1% soluble starch (100 mM phosphate buffer pH 6.8)
was added as a substrate and incubated further at 3rC
for 30 min; 100 I-lLof the 3, 5 di-nitro salicylic acid (DNS)
color reagent was then added and boiled for 10 min. The

(NaH2P04), di -sodium hydrogen phosphate (Na2HP04)
was purchased from Hi-Media, Mumbai.
Plant Material
The fresh plants were collected during the month
of August 2013 from Karadi Guddi village, Belagavi,
Karnataka. Authentication of the plant was done by
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absorbance of the resulting mixture was measured at
540 nm using Multiplate Reader (Multiska thermo scientific,
version 1.00.40). Acarbose at various concentrations
(0.1-0.5 mg ImL) was used as a standard. Without test
(extract and fractions) substance was set up in parallel as
control and each experiment was performed in triplicates.
The results was expressed as percentage inhibition, which
was calculated by using the formula,
Inhibitory activity (%)

=

(1- As/Ac) x 100

DISSCUSSION

where,
As = Absorbance in the presence of Test substance
Ac

= Absorbance

of control (without Test substance).

a -Glucosidase inhibitory activity
a-Glucosidase
inhibitory activity of extract and
fractions was carried out according to standard method
with minor modification".
In a 96-well plate, reaction
mixture containing 50l-lL phosphate buffer (100mM, pH
= 6. 8h 1OI-lL,alpha-glucosidase (1 U/mL) and 20l-lL of
varyinqconcentrations
of extract and fractions (0.1, 0.2,
0.3, 0.4 and 0.5 mg/mL) was pre-incubated at 3rC for
15 min. Then 20l-lL p -nitro phenyl- a- D- glucopyranoside
(P-NPG) (5mM) was added as a substrate and incubated
further at 3rC for 20 min. The reaction was stopped by
adding 50l-lL sodium carbonate (0.1 M). The absorbance
of the released p-nitro phenol was measured at
405nm using Multiplate Reader. Acarbose at various
concentrations (0.1-0.5 mg ImL) was included as a
standard. Without test substance was set up in parallel as
a control and each experiment was performed in triplicates.
The results was expressed as percentage inhibition, which
was calculated by using the formula,
Inhibitory activity (%)

=

(1- As/Ac) x 100

All the measurements were done in triplicate and
results are expressed in terms of Mean ± SD and ICso
values were calculated by using Graph pad prism 5 version
5.01 (graph pad software, Inc.) statistical software.

RESULTS
In the present study, hydro alcoholic extract and
four fractions of A. dichotoma were evaluated for their
inhibitory effect on a-amylase
and a-glucosidase
enzymes by in vitro method. The hydro alcoholic extract
and its fractions (F1, F2, F3 & F4 at a concentration of
0.5 mg/mL) exhibited 53.42 % and 58.25%, 72.45%,
20.12% and 26.04% a- amylase inhibitory activity,
respectively. Extract and Fractions (F1, F2, F3 & F4)
72

exhibited a- glucosidase inhibitory activity 57.74% and
72.62%,89.91 %,21.26% and 24.93% (Fig. 2). Acarbose
was used as a standard reference drug, which showed
a- amylase inhibitory activity with an ICso value of 0.125
mg/mL and a- glucosidase inhibitory activity with an ICso
value of 0.093 mg/mL. Among all, fraction 2 has shown
best enzyme inhibitory activity with an ICso value 0.131
& 0.114 (a-amylase
& a-glucosidase)
which were
comparable with that of acarbose.

Huge numbers of plants and plant-derived compounds
have been suggested for diabetes and its complications
in Ayurveda". The ancient Indian literature reports and
ethno pharmacological surveys indicate that more than
1200 plants can be used for hypoglycemic activity. T2D
characterized by hyperglycemia, which is a condition
of an abnormal post-prandial increase in blood glucose
level. Mainly two carbohydrate-hydrolyzing
enzymes
(a-amylase
and a-glucosidase)
are responsible for
postprandial hyperglycemia. Hence, the present study
aimed to evaluate a-amylase
and a-glucosidase
inhibitory activity of hydro alcoholic extract and its fractions
of A.dichotoma.
Alkaloids, phenolics,
triterpenoids,
flavonoids and steroids were identified in preliminary
phytochemical investigation. After fractionation of the
hydro alcoholic extract, steroids and lipids were found
in Fraction 1, phenolics and terpenoids were found in
Fraction 2. Alkaloids were found in Fraction 3 and
flavonoids were found in Fraction 4. Based on the results
obtained, the inhibitory potential of hydro alcoholic extract
and fractions against two enzymes were in the order of
F2> F1> Extract>F4>F3. Many bioactive compounds from
different plants have been reported to have hypoglycemic
effect, in that mostly phenolics" and triterpenoids like
oleanane, ursane and lupane" have a positive correlation
as antidiabetic agents. The presence of tri terpenoids'"
and phenolics in Fraction 2 might have attributed to the
highest enzyme inhibition activity compared to other
fractions. Hence, the triterpenoids of this plant may be
responsible for enzyme inhibitory activity. Additionally
the presence polyphenolic compounds in Fraction 2 may
interact or inhibit specific positions in enzymes there by
reducing the potency of a-amylase and ce-qlucosldase".
Due to above reasons, Fraction 2 showed almost equal
results when compared with that of acarbose. With the
help of results in correlation with previous reports it can
be hypothesized that the significant enzyme inhibitory
activity of Fraction 2 may interfere or delay the absorption
of dietary carbohydrates as well as disaccharides in the
small intestine, leading to the suppression of meal-induced
increase of plasma glucose. Therefore, it may useful in
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the management of T2D. Based on the lead fractions
obtained from in vitro studies, we are going to plan an
in vivo study for further confirmation of the obtained
results

CONCLUSION
The result of the present study proved that, Fraction
2 of the A. dichotoma was an effective a-amylase and
a-glucosidase inhibitor, which may be helpful to reduce
the postprandial glucose levels. However, the active
constituents responsible for the inhibitory action of
a-amylase and a-glucosidase need to be further identified
and characterized. This may be useful for development of
new antidiabetic agents from native plant resources.
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ABSTRACT
Objective: The objective of this study was to partially purified from the eight known anti-diabetic plants and evaluated for the total phenol, protease
inhibitory (PI) activity, and antioxidant activity.
Methods: PI activity was performed using casein as substrate. The total phenolic content was estimated by folin-ciocatechu reagent method. The
antioxidant activity was estimated by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) model and hydrogen peroxide scavenging activity.
Results: The results shown that Syzygium cumini has the highest total phenol and protein content. Solanum tuberosum has the highest percentage
PI activity. In DPPH model of antioxidant in SC has the highest inhibitory activity, whereas in the hydrogen peroxide scavenging activity Momardica
charantia has the maximum inhibition.
Conclusion: These data once again prove that phenolic compounds have statistically significant antioxidant activity. Among all the PIs ST has
maximum inhibition activity. To conclude, all these PIs can be an excellent source of antioxidants.
Keywords: Antioxidant, Plant protease inhibitor, Phenolic, Hydrogen peroxide, Protein content.
INTRODUCTION
Protease inhibitors (PIs) are common in the plant kingdom. Plant PIs
(PPIs) is generally small proteins that have mainly been described as
occurring in storage tissues, such as tubers and seeds, but they have
also been found in the aerial parts of plants [1]. They are also induced
in plants in response to injury or attack by insects or pathogens. In
plants, these PIs acts as anti-metabolic proteins, which interfere with
the digestive process of insects [2,3]. PIs were classified into serine,
cysteine, aspartate, and metallocarboxy PIs. PIs that are active against
all the mechanistic classes of proteases have also been described in
plants [1]. PIs act by forming to form stable complexes with target
proteases, blocking, altering, or preventing access to the enzyme active
site. PPIs also interfere with the growth and development of many
phytophagous insects [1]. This PPI was also proved to be beneficial in
the treatment of pancreatitis, shock, allergy. It has proven that intake
of this PPI has decreased the incidence of breast, colon and prostatic
cancers intake of this PPI have decreased the incidence of cancer [4].
This PPI is very active in various cellular responses such as cell
signaling, digestion, differentiation, and apotopsis [5,6].
Phenols are the organic compounds with multiple -OH groups in their
molecular structure [7,8]. Polyphenols are capable of suppressing the
cholesterol, blood pressure levels, and incidence of pathogens. Its free
radical scavenging activity has proven to have anti-mutagenic and
also in proving various lifestyle diseases such as ulcerative collitus,
colorectal cancer, diabetic complications, and anti-atherogenic [9].
New compounds or natural extracts possessing antioxidant activity
can be used as sources of different valuable agents. These antioxidants
play an important role protecting the tissues from oxidative stress.
Imbalance in the oxidatant and antioxidatant levels will certainly lead
to many chronic diseases such as diabetes mellitus, hepatoprotective,
cardiovascular diseases, and many other. There are many studies stating
that pheolic compounds posses antioxidant acitivity. This study mainly
focuses on identification of novel antioxidants from plant source and
giving a new source for protein derivatives for oxidative stress diseases.

Eight plants were selected (Allium sativum [AS], Zinziber officinalis [ZO],
Solanum tuberosum [ST], Glycine max [GM], Syzigium cumini [SC],
Momardica charantia [MC], Solanum lycopersicum [SL], and Curcuma
longa [CL]) for screening the antioxidant activity. Phenolic content and
antioxidant activities have been already discussed for these plants.
However, there has been no study comparative investigation of total
phenol, antioxidant, and PI activity in partially purified PPIs that will
lead to evaluate their use as natural antioxidants.

METHODS
All the eight plants were collected from the local fields of Belagavi,
Karnataka. The plants were authenticated by the Dr. Harsha Hegde,
Scientist-C, RMRC (ICMR), Belagavi and voucher number was collected.
The seeds of GM, SC, MC, SL and tubers of ST and rhizomes of CL, ZO
and bulb of AS were collected in vinyl bags, washed with the water and
dried in the room temperature for 1 day. Tannic acid (Himedia), casein
(Himedia), 1,1-diphenyl-2-picrylhydrazil (DPPH), Hydrogen Peroxide
(H2O2) (S D fine chemicals) were purchased from Sigma Chemicals
Co. (St. Louis, MO, USA). Other chemicals used were of 99% or greater
purity.
Partial purification of PPI
About 25 g of the collected plants were homogenized in the 100 ml of
0.1 M phosphate buffer (pH7.0). The solution was then filtered through
the 4 layered cheese cloth. Then, the solution was then centrifuged
(Kubato cooling centrifuge) at 10,000 rpm for 15 minutes at 4°C. The
supernatants were collected and fractioned by ammonium sulfate
(30%, 60%, 90%) and dialyzed by the cellulose membrane (12-14 kDa,
Himedia) for 24 hrs at 4°C. The dialyzed material was then lyophillized
and stored in –80°C until further use. All the procedures were performed
4°C to minimize the enzymatic loss.

Proteolysis assay
In this method, the trichloroacetic acid (TCA) soluble fractions formed
by action of trypsin on the protein substrate casein were measured
by the change in absorbance at 750 nm. The residual caseinolytic
activity of the trypsin in the presence of inhibitor, at 37°C was used as a
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measure of inhibitory activity, Appropriate blanks for enzyme, inhibitor,
and substrate were also included in the assay along with the test [10].

Proteolysis method is modified of (Bijina et al., 2011) 100 µL of trypsin
(0.5 mg/ml) was preincubated with 100 µL of suitable dilution of PI
at 37°C for 15 minutes. To the above mixture 200 µL of 1% casein
was added and incubated at 37°C for 30 minutes. The reaction was
terminated by the addition of 250 µL of 0.44 M TCA solution. The
reaction mixture was transferred to centrifuge tube, and the precipitated
protein was removed by centrifugation, at 10,000 rpm for 15 minutes
(Sigma, Germany). The 100 µL of the supernatant was diluted with 500
µL of sodium carbonate (10%) and 100 µL of Folin–Ciocaltechu reagent
(FCR) (50%), the absorbance was read at 750 nm in 96 well plate ELISA
plate reader UV-visible spectrophotometer (Thermo Scientific) against
appropriate blanks.

The TCA soluble peptide fractions of casein formed by the action of
trypsin in the presence and absence of inhibitor was quantified by
comparing with tyrosine as standard. One unit of trypsin activity was
defined as the amount of enzyme that liberated 1 µg of tyrosine per
milliliter of the reaction mixture per minute under the assay conditions.
One unit of inhibitory activity was defined as the decrease by one unit
of absorbance of TCA soluble casein hydrolysis product liberated by the
trypsin action at 750 nm per minute at 37°C in the given assay volume.
The PI activity was expressed in terms of percent inhibition and it was
calculated as:
Inhibitory activity (%) = (A–B)/A × 100

(A = Amount of tyrosine released without inhibitor; B = Amount of
tyrosine released with inhibitor)
The specific activity, residual inhibitory activity and units/ml were also
calculated for the all the 8 plants.

Analysis of the phenol content
The phenol content was measured using FCR a modified method of [12]
in 96 well plates. A 0.1 mL extract (2-10% w/v) was mixed with 0.1 ml
FCR, and 0.3 mL of 7.5% Na2CO3 was added to the mixture and vortexed.
The mixture was then incubated for 30 minutes in the dark. The blue
color absorbance of the reaction was observed at 685 nm. The tannic
acid (0.5-3 µg/ml) was used as standard. The results were triplicated.

DPPH scavenging activity
DPPH assay is a most popular model for screening antioxidant activity.
DPPH is characterized as the stable free radical by virtue of the
delocalization of spare electrons over the molecule as the whole so that
the molecule does not dimerize, as would be the case most other free
radicals. The delocalization of the electron also gives rise deep violet
color, observed at 517 nm using UV-visible spectrophotometer (Thermo
Scientific Elisa plate reader). 0.1 mM DPPH solution was prepared by
dissolving in 80% methanol [13].
This is the modified method of Lu and Foo [14]. The 1 mg/ml of stock
solutions of PPI were prepared in alcohol. Different concentrations
(10-40 µg/ml) were diluted with Tris HCl and add100 µL of the DPPH is
added in 96 well plates. The mixed solution was left to stand in a dark
place at room temperature for 30 minutes, after which the absorbance
was measured at 517 nm. Experiments were triplicated, and the results
were expressed as the % radical scavenging activity,
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40 mM of hydrogen peroxide solution prepared in phosphate buffer
(50 mM, pH7.4). Extracts (20-60 µg/ml) were dissolved in distilled
water and added to hydrogen peroxide and incubated for 10 minutes.
The abservances were read at 230 nm in UV-visible ELISA plate
reader [15].
Percentage of H2O2 scavenging assay (%) = (A0–A1)/A0 × 100

(A0 = Control group’s absorbance, A1 = Experiment group’s absorbance).

Statistical analysis
Statistical analysis was performed using graph pad prism. The data
were expressed as the mean value±standard error of the mean.
RESULTS

PPI is widely distributed in the plant kingdom and highly concentrated
in the tubers, seeds and aerial parts. They are well studied in the
families such as Graminacea, Solanaceae, and Cucurbitaceae. Eight
plants were chosen for the partial purification PPI, it was shown that
60-90% ammonium sulfate saturation produced highest percentage
yield in SC (22.13±3.20), GM (13.75±2.40) and SL (11.35±2.61),
whereas the lowest percentage yield was observed in CL (2.16±0.05)
and AS (6.57±1.42). The data illustrated in Table 1.
The PI activity is estimated by the ability of PI in digestion of casein by
trypsin. Among all the purified compounds ST (83.77%) has the highest
inhibitory activity followed by the ZO (73.22%) and the least inhibitory
activity in the MC (24%).

The content of phenolic compounds was calculated as mg/ml of tannin
standard. The amount of total phenols in the PPI of the above plants
varied from (3.67 to 0.66 mg/ml). The phenolic content in the PPI are
SC>GM>SL>MC>AS>ST>ZO>CL. The data is shown in Table 1.

Free radical scavenging is the accepted mechanism for antioxidant to
inhibit lipid peroxidation. DPPH can be used to evaluate the antioxidant
activity of many compounds in a very short time. The Table 2, most of
the PPI’s (40 µg/ml) exhibited concentration (10-40 µg/ml) dependent
inhibition activity. Among them, MC (79.76%), SC (78.4%) and SL
(77.4%) showed similar inhibitory activities. The lowest inhibitory
activity was shown in AS (22.4%), followed by CL (24.4%). Data is
illustrated in Table 2 and graphically in Fig. 1.
It is observed that all the PPIs are capable of scavenging hydrogen
peroxide in the concentration dependent (20-60 µg/ml). Most of the
PPI expressed more than 60% inhibition except the CL and ST. The
percentage of scavenging hydrogen peroxide with 60 µg/ml follows
MC (79.42%) and SC (79.17%) lowest is observed in the CL (21.12%)
and ST (33.51%). The scavenging ability of various PPI with hydrogen
peroxide is given in Table 3 and graphically in Fig. 2.
DISCUSSION

The human body is a complex system which counteracts the
harmful effects of the reactive oxygen species (ROS) generated.

DPPH free radical scavenging capacity (%) = (A0–A1)/A0 × 100

(A0 = Control group’s absorbance, A1 = Experiment group’s absorbance).

Hydrogen peroxide scavenging (H2O2) assay
Evaluation of hydrogen peroxide scavenging activity is important
because the human being exposed to H2O2 indirectly via environment
(0.28 mg/kg/day). It is decomposed into water and oxygen after
entering into the body; this may lead to production of hydroxyl radical
(OH*) further initiate lipid peroxidation and cause DNA damage.

Fig. 1: 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity
of of different concentrations (10-40 μg/ml) of eight anti-diabetic
plants derived protease inhibitors in the phosphate buffer
extract. Values are expressed as percentage inhibition (n=3)
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Table 1: Protein estimation, percentage inhibitory activity and total phenolic content of the eight anti‑diabetic plant derived
protease inhibitors
S. No

Plants

Protein estimation
(mg/ml)

% inhibitory
activity

Specific activity
(%/mg)

Total phenol content
(mg/ml)

% yield

1
2
3
4
5
6
7
8

AS
ZO
ST
GM
SC
MC
SL
CL

6.57±1.42
7.38±2.12
3.9±1.40
13.75±2.40
22.13±3.20
9.53±1.55
11.35±2.61
2.16±0.05

65.44
73.22
83.77
26.33
30.88
24.00
27.88
52.11

9.96
9.92
21.48
1.915
1.395
2.51
2.45
24.12

1.09±0.67
0.85±0.55
0.96±0.48
2.94±0.10
3.67±0.24
1.86±0.37
2.10±0.65
0.66±0.41

1.24
10.74
1.09
32.41
35.78
20.42
14.39
2.45

Each value is the mean±standard deviation of three replicate analyses (n=3), AS: Allium sativum, ZO: Zinziber officinalis, ST: Solanum tuberosum, GM: Glycine max,
SC: Syzigium cumini, MC: Momardica charantia, SL: Solanum lycopersicum, CL: Curcuma longa

Table 2: Scavenging activity of Plant protease inhibitors
on DPPH
Plant name

Concentrations(µg/ml)

% inhibition

A. sativum

10
20
30
40
10
20
30
40
10
20
30
40
10
20
30
40
10
20
30
40
10
20
30
40
10
20
30
40
10
20
30
40

11.4±2.3
22.4±1.5
1.1±3.6
7.1±2.7
18.3±1.9
31.2±2.3
12.6±1.8
34.3±4.3
46.5±5.3
41.0±3.7
25.7±2.4
48.4±3.7
57.2±4.9
68.1±3.1
34.0±5.1
50.7±3.3
62.7±4.8
78.4±3.4
29.4±2.2
46.8±3.1
60.8±3.8
79.7±2.1
15.0±2.4
35.6±3.2
57.6±1.2
77.4±4.5
1.1±3.8
12.4±2.7
24.4±3.6

Z. officinalis
Fig. 2: Hydrogen peroxide scavenging activity of different
concentrations (20-60 μg/ml) of eight anti-diabetic plants
derived protease inhibitors in the phosphate buffer extract.
Values are expressed as percentage inhibition (n=3)

S. tuberosum

G. max
Enzymatic and non-enzymatic antioxidants help in removal of the
ROS. Antioxidants have a very important role in the maintaining
oxidative stress. These generated free radicals may further lead to
cause the large number of the diseases such as diabetes mellitus,
Alzheimer disease [16], cancer [17], cardiovascular complications
[18], neural disorders [19], cognitive impairment [20], and
gastric ulcers [21]. By dietary intake of the antioxidants may give
a protection from the free radicals. It was already proved that
dietary intake of antioxidants may protect and postpone from
the degenerative disorders. Since these dietary supplements are
having substantial amounts of antioxidant activity may replace the
synthetic compounds. Plants are reported to have large quantities
of the polyphenolic content [22]. These poly phenolic compounds
have been substantially explored in the food industry, for their
activity in delaying the lipid oxidation as well as the boosting the
quality of life with food and nutritional values [23].
PIs have already been in the market for treatment of various
complications such as HIV, cancer, and diabetes mellitus. [24] We have
made a unique approach by isolating the PIs from the plants that are
already proven to be anti-diabetic. These chosen anti-diabetic plants
are regular food supplements. Hence, we made an attempt to partially
purify PPI and screen for the antioxidant activity, PI and estimation
of total phenolic content. Phenols are chemical compounds with
(-OH) groups in their structures. They are already proven to posses
antioxidant activity because of the hydroxyl groups. Plants are the rich
source of phenols in the storage tissues [13,25].
PIs are distributed in all the plant kingdom among them serine PIs are
well studied class of inhibitors. Most of them are characterized from the
Gramineae, Leguminosae and Solanaceae. They are generally 4-85 kDa
with the majority in the range of 8to 20 kDa [26]. They have a high
content of cysteine residues that form the sulfide bridges and confer
resistance to heat, pH and proteolysis. Most of the PIs are synthesized
in response to stress conditions like pathogens, insects wounding and
environmental stress like salt. The main function of PPI’s is thought to

S. cumini

M. charntia

S. lycopersicum

C. longa

Values are expressed in mean+SD for the triplicate samples. A. sativum: Allium
sativum, Z. officinalis: Zinziber officinalis, S. tuberosum: Solanum tuberosum,
G. max: Glycine max, S. cumini: Syzigium cumini, M. charntia: Momardica
charantia, S. lycopersicum: Solanum lycopersicum, C. longa: Curcuma longa

be defense and regulation of endogenous proteins [27,28]. The activity
of PPI is mainly due to the formation of stable complex with the target
proteases, blocking, altering or preventing the access to the enzyme
site [29].

In this study, PPI was partially purified by ammonium sulfate
precipitation (0%, 30%, 60% and 90%) and estimated for the
proteolysis assay using casein as substrate, phenolic content (FCR
method), and antioxidant activity (DPPH and H2O2). The percentage
yield was higher in the GM and SC and lowest in the AS and CL. Among
them, the ST species have the highest proteolytic activity, lowest in the
MC. Phenolic content and protein content was higher in the SC and
lesser in the CL and ST, respectively.
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Table 3: Scavenging activity of Plant protease inhibitors on
hydrogen peroxide
Plant name

Concentrations (µg/ml)

% inhibition

A. sativum

20
30
40
50
60
20
30
40
50
60
20
30
40
50
60
20
30
40
50
60
20
30
40
50
60
20
30
40
50
60
20
30
40
50
60
20
30
40
50
60

12.3±1.2
24.5±3.2
34.9±4.4
45.0±2.5
67.0±3.8
27.2±1.5
39.4±3.9
43.5±2.4
58.9±3.6
72.0±4.1
1.0±1.8
10.8±2.9
21.8±2.4
33.5±3.1
11.4±4.4
21.4±3.8
33.3±3.9
53.3±4.1
74.9±2.5
19.8±1.3
31.9±2.8
48.0±3.2
58.4±4.6
79.1±3.7
14.2±2.4
25.4±3.6
37.0±4.2
57.1±2.9
79.4±3.8
14.3±3.2
29.5±1.4
42.3±2.4
55.3±3.3
62.7±3.2
1.8±2.4
6.8±3.5
10.5±2.9
21.1±4.2

Z. officinalis

S. tuberosum

G. max

S. cumini

M. charntia

S. lycopersicum

C. longa

Values are expressed in mean+SD for the triplicate samples, A. sativum: Allium
sativum, Z. officinalis: Zinziber officinalis, S. tuberosum: Solanum tuberosum,
G. max: Glycine max, S. cumini: Syzigium cumini, M. charntia: Momardica
charantia, S. lycopersicum: Solanum lycopersicum, C. longa: Curcuma longa

The phenolic compounds are known to act as antioxidants by reducing
oxidative damage [30]. They act by trapping free radicals directly or
by scavenging them through a series of reactions [31]. Phenols play
an important role in stabilizing lipid peroxidation by their antioxidant
activity [32]. The redox properties play an important role in adsorbing
and neutralizing free radicals quenching singlet and triplet oxygen or
decomposing peroxides [23]. In the DPPH model, the highest inhibitory
activity was observed in the seeds of MC followed by the SC, the lowest
activity was CL. These SC results were already been fruit extracts of the
same plant. The SC plant contains higher levels of phenols, and was
showing good antioxidant activity [33]. MC is also well known for antidiabetic activity as well as antioxidant activity because of the presence
of greater amount of phenols [34].

In the H2O2 model, MC and SC shown similar results, whereas the lowest
inhibitory activity is shown by the CL and then followed by the ST. The
MC and SC have higher levels of the pheolic content. These phenolic
compounds are known to have good antioxidant activity [33,34]. These
data once again prove that phenolic content and antioxidant activity
are correlated. These findings suggest that PPI can also be used as
nutritional supplements as well as the antioxidant activity, similar
results were observed in many plants [35].
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CONCLUSION
We made an attempt at finding a new source of proteins with antioxidant
activity. First, proteins were partially purified from the eight different
sources of plants in the Belagavi district and analyzed for phenol content,
antioxidant activity and proteinase inhibitory activities of these plants.
Considering these results, PPI may serve as a new antioxidant activity
moieties. Further studies may be carried out in elucidating the mechanism
of actions of these PPI as new mechanism for the antioxidants.
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ABSTRACT: Fexofenadine Hydrochloride (FHCl) is a second generation
antihistaminic drug which is used in the treatment of allergic rhinitis and
urticaria. It is a BCS class II drug and has high first pass metabolism leading
to low oral bioavailability. Drug-inclusion complex with 2HPβCD was
prepared by kneading method and characterized for solubility study, FTIR
study and in vitro dissolution study. Nine different combinations of polymers
to be added were generated by Central Composite Design was used to
evaluate dependent parameters by varying the independent variables, HPMC
E5 and HPMC K4M and responses were tensile strength, mucoadhesive
strength and in vitro diffusion. Films were prepared and evaluated for
different parameters and found to be in acceptable limits. Optimized
formulation F10 generated from the design showed good tensile strength and
mucoadhesive strength and optimum in vitro diffusion results. Drug
permeation through porcine oral mucosa at the end of 120 mins was 85.59%.
Short term stability studies revealed that formulation was stable after storage
for 1 month.

INTRODUCTION: Buccal films are dosage forms
that employ a water soluble polymer which allows
the dosage form to quickly hydrate, adhere and
dissolve when placed between cheek and gum
resulting in systemic drug delivery and combat the
disadvantages of conventional dosage forms.
The rich vascularisation of the buccal mucosa and
the direct access through the jugular vein to the
systemic circulation is making it an attractive
option in the current drug development and drug
delivery process. Owing to the merits of this route
presently buccal drug delivery is considered as the
best alternative for many drugs.1, 2
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Fexofenadine hydrochloride is a BCS class II
drug having low bioavailability of 30-40% and a
half life of 14 hours. It undergoes hepatic first pass
metabolism.3 The present study is an attempt to
prepare solid dispersion of Fexofenadine
Hydrochloride and incorporate into a buccal film to
enhancement of solubility, bioavailability thereby
reducing the dose size and side effects.
MATERIALS AND METHODS: Fexofenadine
Hydrochloride was a gift sample from Sanofi
Aventis Pvt. Ltd. Ankleshwar. HPMC E5, HPMC
K4M and Ethyl Cellulose were gift samples from
Colorcon Pvt. Ltd., Verna Goa. All chemicals and
reagents were of analytical and pharmacopieal
grade.
Preformulation studies:
1. Identification tests:
a) Determination of melting point of the drug:
Melting point of Fexofenadine Hydrochloride was
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determined by open capillary method using
Thiele’s tube apparatus.
b) FTIR spectroscopy:
FTIR spectral measurements of the drug sample
were recorded using IR Spectrophotometer. The
FTIR spectrum of the sample drug was compared
with the standard FTIR spectrum of the pure drug
to ascertain any significant changes in the sample
drug.
c) Solubility analysis:
Solubility studies were carried out by preparing
saturated solutions of drug by adding excess of
drug into non-volatile solvents and sonicating them
for specific time period under constant stirring,
analysing spectrophotometrically at λmax 220nm.
Fexofenadine Hydrochloride was dissolved in
selected solvents like distilled water, phosphate
buffer pH 6.8 and ethanol.
d) Determination of absorption maxima (λmax) of
the drug:
Stock solution of the drug was prepared using
phosphate buffer of pH 6.8 to give concentration of
100μg/ml. 1ml from above solution was diluted up
to 10ml in a volumetric flask to give concentration
of (10 μg/ml). Wavelength scan from 400-200nm
was done to find absorbance maxima.
2. Compatibility studies:
a) By FTIR spectroscopy:
The FTIR spectrum of Fexofenadine Hydrochloride
and a physical mixture of Fexofenadine
Hydrochloride with HPMC E5 and HPMC K4M
were recorded by using FTIR (IRAffinity-1,
Shimadzu, Kyoto, Japan).
II. Standard Calibration Curve of Fexofenadine
Hydrochloride in phosphate buffer pH 6.8:
10 mg of drug was dissolved in 5ml ethanol and the
volume was adjusted to 100ml using phosphate
buffer pH 6.8 to get stock solution of concentration
100μg/ml. Serial dilutions were done in Beer’s
range of 10-50 μg/ml. The absorbencies were
recorded at λmax 220nm using UV visible
spectrophotometer. The graph of absorbance v/s
concentration (μg/ml) was plotted.
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III. Preparation and characterization of
inclusion
complex
of
Fexofenadine
Hydrochloride and 2 Hydroxy Propyl β
Cyclodextrin (2HPβCD):
a) Preparation of inclusion complex by kneading
method:
Weighed quantities of Fexofenadine Hydrochloride
and 2-HPβC in 1:1 equimolar ratio [taking
molecular weights of drug and cyclodextrin 538
and 1193 respectively] were taken. D r u g a n d 2HPβC was slowly added to solvent (Ethanol:
distilled water 1:1) a n d triturated to obtain a
homogenous paste. The paste was dried at 40ºC
for 24 hours and passed through sieve no 40.4, 5
b) Characterization of inclusion complexes:
i. Drug content of inclusion complexes:
10mg of complex was diluted with phosphate
buffer pH 6.8 upto 100ml. sonicated for 15 mins to
dissolve.1 ml of this solution was transferred into
volumetric flask and volume made upto 10ml.
After suitable dilutions absorbance was taken in a
UV spectrophotometer at λmax 220nm. The obtained
absorbance was used for calculating the drug
content.
ii. FTIR spectroscopy:
The
FTIR
spectrum
of
Fexofenadine
Hydrochloride, 2-Hydroxy Propyl β Cyclodextrin
and the inclusion complex were recorded using
FTIR instrument (IRAffinity-1, Shimadzu, Kyoto,
Japan). Scanning was done from 4000 cm-1 to 400
cm-1.
iii. Differential Scanning Calorimetry:
The DSC thermograms of Fexofenadine
Hydrochloride and inclusion
complex were
obtained and observed for broadening, shifting and
appearance of new peaks or disappearance of
certain peaks.
iv. In -vitro dissolution studies:
The quantity of inclusion complex equivalent to
100 mg of drug was taken and dissolution study
was conducted using USP type I dissolution
apparatus in 900 ml of phosphate buffer of pH 6.8
at 37±0.5ºC and at 50 rpm. Aliquots of 5 ml
were withdrawn at predetermined time interval
up to 60 minutes. The concentration of drug in
samples was
determined
by
measuring
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absorbance at λ m a x 220 nm b y UV-visible
spectrophotometer.
IV. Design of Experiment: 6
Central composite design set up using software
Design Expert 9.0.6.2 consisting of 2 factors and 3
levels was used to study the effect of independent
variables/factors: the polymers used HPMC E5 and
HPMC K4M on the product quality attributes:
responses like Tensile strength, Mucoadhesive
strength and In vitro diffusion.
TABLE 1: FACTORS AND CORRESPONDING LEVELS AS
PER CENTRAL COMPOSITE DESIGN

Factors
A: HPMC E5
B: HPMC K4M

-1
3%
0.5%

Levels
0
4%
1.5%

+1
5%
2.5%

TABLE 2: AMOUNT OF X1 AND X2 GENERATED BY THE
SOFTWARE TO BE ADDED IN THE 9 FORMULATIONS

RUN

1
2
3
4
5
6
7
8
9

Amount of HPMC
E5
(%)
4
5
3
4
3
4
5
3
5

Amount of HPMC
K4M
(%)
1.5
1.5
2.5
0.5
1.5
2.5
2.5
0.5
0.5

3. Formulation of Fexofenadine Hydrochloride
inclusion complex loaded buccal films:
Solid dispersed buccal films of Fexofenadine
Hydrochloride were prepared by solvent casting
method using hydrophilic polymers HPMC E5 and
HPMC K4M in combination generated by the

Design Expert 9.0.6.2 software. Propylene glycol
was used as a plasticizer and sodium saccharin as
sweetener. Formulation ingredients are shown in
the Table 3.
Procedure:
Film: The weighed quantities of polymers were
soaked overnight containing 5ml of distilled water.
The polymeric solution was stirred for 30mins on a
stirrer to get homogenous solution. Plasticizer 10%
w/w of the polymer concentration was added to the
polymeric solution with continuous stirring. In
another beaker weighed quantities of Fexofenadine
Hydrochloride-2-HPβC complex and sodium
saccharin were dissolved in sufficient quantity of
solvent (Ethanol: distilled water 1:1) The solution
was continuously stirred for 6 hrs. Then the
polymeric solution and the drug solution with other
excipients was mixed together to get homogenous
solution. The pre lubricated petri plate was kept
overnight for drying in an oven at a temperature of
40ºC. The films were carefully removed after
drying and cut into 2×2 centimeter square size and
stored at room temperature with butter paper
wrapped.
Backing layer:
5% of Ethyl cellulose was dissolved in isopropyl
alcohol- acetone solvent mixture in the ratio (3:1)
and kept for stirring for 6 hrs. Amaranth solution
(1%) was added to impart colour to the backing
layer. The petri plate was kept overnight for drying
in an oven at a temperature of 50ºC. The backing
layer formed was cut into 3x3 centimeter square
size and it was stored at room temperature butter
paper wrapped.

TABLE 3: FORMULATION CHART OF FEXOFENADINE HYDROCHLORIDE BUCCAL FILMS

Formulation Ingredients
Complex Equivalent To 20mg OF
FHCl mg
HPMC E5 %
HPMC K4M %
Propylene Glycol %
Sodium Saccharin %
Distilled Water

F1
744

F2
744

F3
744

F4
744

4
1.5
10
0.
q.s

5
1.5
10
0.1
q.s

3
2.5
10
0.1
q.s

4
0.5
10
0.1
q.s

The
response
variables
tensile
strength,
mucoadhesive strength and % in vitro diffusion
were obtained experimentally. Experimental values

Formulation code
F5
F6
744
744
3
1.5
10
0.1
q.s

4
2.5
10
0.1
q.s

F7
744

F8
744

F9
744

5
2.5
10
0.1
q.s

3
0.5
10
0.1
q.s

5
0.5
10
0.1
q.s

were compared with software generated predicted
values. Response variables were subjected to one
way ANOVA at 0.05. Based on optimization
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results, software generates optimized solutions for
independent variables X1 and X2 and also for
response variables Y1, Y2 and Y3. Finally, a checkpoint batch F10 (optimized formulation) using
optimized values is prepared to prove the validity
of evolved method.

The load when the film breaks was measured by
equation.7

VI. Evaluation of buccal films:
1. Physical appearance and Surface texture:
Visual inspection of films for visible imperfections
was carried out and surface texture of film was
analyzed by feel or touch.

7. Drug content uniformity:
Film of size 2 x 2 cm2 was dissolved in 100ml of
phosphate buffer pH 6.8, stirred and sonication for
24 hours. 1ml of filtered solution was transferred
and diluted with phosphate buffer pH 6.8, the
absorbance was measured at λmax 220 nm using UV
spectrophotometer.8

2. Thickness of films:
Thickness was measured using Vernier Callipers
by folding the film multiple times and average was
taken by dividing the measured value with number
of folds. This study indicates the uniformity of
thickness in the film and proper dose of the film.7
3. Uniformity of weight:
Films of size 2 x 2 cm2 were cut at 3 different
places on the casted petri-plate film. Individual film
was weighed on an analytical balance weight were
recorded. This study determines whether there is
proper amount of drug and excipients in each film.7
4. Folding endurance:
Folding endurance of the films was determined
by repeatedly folding a small strip of the films
(2x2 cm2) at the same place till it breaks. The
number of times film could be folded at the same
place, till it breaks gives the value of folding
endurance. This test ensures if the film has
endurance to withstand repeated folding and
brittleness.7
5. Surface pH:
Three patches of each formulation are allowed to
swell by keeping in contact with 0.5ml 0f distilled
water (pH 6.5 ± 0.5) for one hr at room
temperature. The pH was determined by bringing
the electrode in contact with the buccal film and
allowing it to equilibrate for one min.7
6. Tensile strength:
Film of dimension 2 x 2 cm2 was placed between
two clamps at a distance of 3 cm apart. During the
measurement the bottom clamp pulled the film by
addition of weights in the pan till the film breaks.

Tensile strength =

force at break

Initial cross sectional area of film

8. Percent moisture absorption:
Films were accurately weighed and placed in a
desiccator containing saturated solution of Calcium
chloride (79.5% relative humidity) for 3 days. The
patches were reweighed and percentage moisture
absorbed was calculated using the formula.9

9. Percent moisture loss:
The prepared films were accurately weighed and
placed in a desiccator containing anhydrous
calcium chloride for 3 days. After 3 days again the
films were reweighed and percentage moisture loss
was calculated using the following formula.9

10. Mucoadhesive strength:
The mucoadhesive strength was measured using an
analytical balance. Both the ends were tied to glass
plates. Buccal patch was placed onto the slide by
placing one drop of water on the slide. Weight was
added slowly to the left hand pan until the glass
slide got detached from the patch placed. Weight
required to detach the patch from the glass slide is
measure of mucoadhesive strength.7
11. Percent Elongation:
Film of dimension 2 x 2 cm2 was placed between
two clamps at a distance of 3 cm apart. During the
measurement the bottom clamp pulled the film by
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addition of weights in the pan till the film breaks.
The length of the film when the patch breaks by
application of stress is measured by equation: 10

Drug content was analysed spectrophotometrically
at
λmax
220nm
by
using
UV-visible
.7
spectrophotometer

Elongation at break = lb – lo × 100

15. In vitro diffusion studies:
In vitro diffusion study was performed by using
modified Franz diffusion cell across cellophane
membrane of molecular size 12,000-14,000D and
pore size 2.4nm (HiMedia Pvt. Ltd.) using
phosphate buffer solution pH 6.8 as a medium.
2x2cm2 patch was placed on the membrane, placed
between donor and receptor compartment of Franz
diffusion cell. Cellophane membrane was brought
in contact with Phosphate buffer of pH 6.8 filled in
receptor
compartment.
Temperature
was
maintained at 37ºC at 50rpm using magnetic stirrer.
1ml of sample was withdrawn from receptor
compartment at pre-determined interval of 15, 30,
45, 60, 90 and 120 mins and was replaced with
fresh Phosphate buffer of pH 6.8. With suitable
dilution, samples were analysed for absorbance at
λmax 220nm using UV visible spectrophotometer.7

lo
Where, lo = original length of the patch and lb =
length of the patch at break when stress is applied.
12. Swelling index:
Swelling index was determined by placing film of
dimension 2 x 2 cm2 preweighed on a wire mesh
into a petri plate filled with 15 ml of phosphate
buffer pH 6.8. Weight of the film was measured at
regular intervals till the weight remained constant
and average of 3 films was taken. Swelling index
was calculated by following formula: 11
Swelling index = Wt – W0
W0
Where Wt is weight of the film after time t and W0
is weight of the film at time 0
13. Drug release from the backing layer:
To evaluate the performance of the backing layer
this study was conducted using Franz diffusion cell
in phosphate buffer pH 6.8 as a medium. The film
with the backing layer was placed between the
donor and receptor compartment over the
cellophane
membrane.
Temperature
was
maintained to 37ºC at 50 rpm using magnetic bead
stirrer. 1ml of sample was withdrawn from the
receptor compartment at predetermined intervals of
15, 30, 45, 60, 90 and 120mins and was replaced
with phosphate buffer pH 6.8. Samples were
measured for absorbance at λmax 220nm using UV
visible spectrophotometer.
14. In vitro drug release:
In vitro dissolution studies were conducted using
USP type Ι (Basket type) dissolution test apparatus
containing 250 ml of phosphate buffer of pH 6.8
as dissolution medium. The temperature of
dissolution medium was maintained at 37±0.5ºC
throughout the experiment with 50 rpm. 1ml
samples were withdrawn at time intervals of 15, 30,
and 60 mins and replaced the same with fresh
dissolution medium to maintain sink conditions.

16. Ex-vivo permeation studies:
Ex-vivo permeation studies were carried out using
modified Franz diffusion cell using phosphate
buffer pH 6.8. (35ml) as a medium. Mini magnetic
bead was placed in the receptor compartment for
agitating the buffer solution. Porcine oral mucosa
was used as the model membrane, obtained from
local sluttery house Optimized film of dimensions
2×2cm2 was cut and placed over the porcine oral
mucosal membrane. The donor compartment was
then placed and fixed over it with the help of
rubber bandages and clamps. The donor
compartment was filled with 1 ml of phosphate
buffer of pH 6.8. The whole assembly was placed
on a magnetic stirrer, and the solution in the
receptor compartment was continuously stirred.
The temperature was maintained at 37±2ºC.
Samples of 1 ml were withdrawn at predetermined
time intervals of 15, 30, 60 90 and 120 minutes and
were
analyzed
at
λmax
220nm
spectrophotometrically by using UV-visible
spectrophotometer to determine the amount of
drug permeated.12
17. Stability studies:
Stability studies were performed in accordance
with ICH guidelines. Patches (2x2 cm2) were
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wrapped individually in aluminium foil and
maintained at room temperature 25ºC and 60% RH
and temperature 40ºC and 75% RH for a period of
1 month. Changes in the appearance, drug content,
tensile strength and in vitro drug release of the
stored patches were investigated after 15 days and
30 days.13
RESULTS:
I. Preformulation studies:
1. Identification tests:
a) Determination of melting point of the drug:
Melting point of Fexofenadine Hydrochloride
(FHCl) was found to be 196 ºC and it complies
with the IP standard thus indicating purity of the
drug sample.
b) FTIR spectroscopy:
The IR spectrum of pure drug was found to be
similar to the reference standard IR spectrum of
Fexofenadine Hydrochloride.
c) Solubility Studies:
Fexofenadine Hydrochloride was found to be
slightly soluble in distilled water and phosphate
buffer pH 6.8, freely soluble in ethanol.
d) Determination of absorption maxima (λmax) of
the drug:
Wavelength scan from 400-200 nm was performed
to find absorption maxima. Maximum absorption
was found at 220 nm.
2. Compatibility studies
a) By FTIR spectroscopy:
The IR spectra of drug and physical mixture show
similar characteristic peaks indicating compatibility
of drug and film forming polymers.
II. Standard calibration curve of Fexofenadine
Hydrochloride:
The standard calibration curve of Fexofenadine
Hydrochloride was obtained by plotting
concentration v/s absorbance. The curve was found
to be linear in the concentration range of 10 – 50
μg/ml at λmax 220 nm. The correlation coefficient
(R2) obtained was 0.9986 and equation was y =
0.0302x + 0.0246 as shown in Fig.1

FIG. 1: STANDARD CALIBRATION CURVE
FEXOFENADINE
HYDROCHLORIDE
IN
pH
PHOSPHATE BUFFER

OF
6.8

III) Characterization of inclusion complex of
Fexofenadine Hydrochloride with 2 hydroxy
propyl β cyclodextrin:
1) Drug content of inclusion complexes:
From 100mg of drug complex contains
29.98mg.drug. Thus the ratio of drug and complex
is 1:1.4
ii) Fourier transformer infrared spectroscopy
(FTIR) of inclusion complex:
Analysis of IR spectra of inclusion complexes
revealed that the intensity and shape of all bands
changed dramatically for the inclusion complex as
compared to those for Fexofenadine Hydrochloride.
These indicated that the vibrating and bending of
the guest molecule Fexofenadine Hydrochloride
was restricted due to the formation of an inclusion
complex.
iii) Differential Scanning Calorimetry:
The thermal curve of the FHCl obtained indicated
its crystalline anhydrous state, exhibiting a sharp
endothermic peak at 198°C shown in Fig.2.
The DSC
thermogram
of
Fexofenadine
Hydrochloride / 2-HPβC
inclusion
complex
prepared by kneading method display a broad
endothermic band due to the dehydration of the
complex. This explains the amorphous solid
dispersion and the molecular encapsulation of
FHCl into the HPβCD cavity.
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FIG. 2: DSC THERMOGRAM OF FEXOFENADINE
HYDROCHLORIDE AND 2- HPβCD COMPLEX

iv) In vitro dissolution studies:
In vitro drug release of the pure drug the end of 60
mins was 27% as compared to release of inclusion
complex is 90% as shown in Fig. 3. This showed
that dissolution rate of pure Fexofenadine
Hydrochloride was enhanced by forming an
inclusion complex with 2- Hydroxy propyl β
cyclodextrin.

FIG. 4: COMPARATIVE BAR GRAPH OF THICKNESS OF
FORMULATIONS F1-F9

3. Weight of the films:
The mean weight of all films ranged from 58mg to
81mg shown in Fig. 5. Formulation F8 weighed
59mg whereas formulation F7 weighed 81mg.

FIG. 5: COMPARATIVE BAR GRAPH OF WEIGHT OF
FORMULATIONS F1-F9
FIG. 3: COMPARISON OF IN-VITRO DISSOLUTION
PROFILES OF PURE DRUG AND DRUG INCLUSION
COMPLEX

IV) Formulation of FHCl Buccal Films:
Films formed were homogenous with no cracks.
They were cream white in colour with good
physical properties.

4. Folding endurance of films:
The folding endurance values of all the
formulations was found to be in the range of 165 to
198 shown in Fig. 6. Formulation F8 showed
highest folding endurance value whereas
formulation F7 showed lowest value.

V) Evaluation Parameters of Prepared Buccal
Films:
1. Physical appearance and Surface texture:
All the films were cream white, smooth and elegant
in appearance.
2. Thickness of films:
The average thickness of the films ranged from
0.073mm to 0.167mm shown in Fig.4.
Formulation F8 had lowest thickness, formulation
F7 had highest thickness value.

FIG. 6: COMPARATIVE BAR GRAPH OF FOLDING
ENDURANCE OF FORMULATIONS F1-F9
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5. Surface pH of films:
Surface pH gives an indication of alkalinity and
acidity of the films because the acidic or alkaline
pH of films may cause irritation to the oral mucosa.
Surface pH of films prepared by using different
polymers was found to be in the range of 6.57 to
6.84 shown in Fig.7, which was close to the neutral
pH.
FIG. 9: COMPARATIVE BAR GRAPH OF % ELONGATION
OF FORMULATION F1-F9

8. Drug Content Uniformity:
The drug content uniformity test was performed to
ensure uniform distribution of drug. The
percentage drug content of all the formulations
was found to be in the range of 94% to 97.3%
shown in Fig 10. The results indicated that the drug
was uniformly distributed in all the formulations.
FIG.7: COMPARATIVE BAR GRAPHS OF SURFACE pH OF
FORMULATIONS F1-F9

6. Tensile strength:
Tensile strength of prepared films varies from
37.45 to 65.5 gm/cm2 shown in Fig. 8 revealing
that the films had good mechanical strength and
flexibility. Formulation F8 showed lowest tensile
strength whereas formulation F7 showed highest
tensile strength.
FIG. 10: COMPARATIVE BAR GRAPH
CONTENT OF FORMULATIONS F1-F9

OF

DRUG

9. Swelling index:
Swelling behaviour of all formulations was
assessed. The swelling index values of films ranged
from 20.6 to 35.6% shown in Fig. 11. Formulation
F7 showed high swelling index whereas
formulation F8 showed low swelling index.
FIG. 8: COMPARATIVE BAR GRAPHS OF TENSILE
STRENGTH OF FORMULATIONS F1-F9

7. Percent Elongation:
Percent elongation study was carried out to test the
strength and ability of the films. Percent elongation
values arranged between 110 to 156% shown in Fig
9. Formulation F7 showed lowest percentage
elongation whereas formulation F8 showed highest
percentage elongation.

FIG. 11: COMPARATIVE BAR GRAPH OF SWELLING
INDEXES OF FORMULATIONS F1-F9
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10. Mucoadhesive strength:
The values ranged from 4.5 to 8.2 grams shown in
Fig.12.
Formulation
F8
showed
lower
mucoadhesiveness whereas formulation F7 showed
higher mucoadhesiveness.
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13. Drug release from the backing layer:
At the end of 120 mins no drug was released in the
receptor compartment of the diffusion cell. This
indicated that ethyl cellulose membrane is
impermeable to drug Fexofenadine Hydrochloride
and swelling of mucoadhesive layer does not affect
the integrity of the backing layer.
14. In vitro drug release studies:
At the end of the 60 minutes formulations showed
drug release between 89.55 to 95.5 % shown in
Fig. 15. Formulation F8 showed highest drug
release at the end of 120mins, F7 showed lowest
drug release.

FIG.
12:
COMPARATIVE
BAR
GRAPH
OF
MUCOADHESIVE STRENGTH OF FORMULATION F1-F9

11. Moisture absorption:
Moisture absorption studies were carried out to
assess the physical stability of films in humid
conditions. The results varied from 2.58 to 5.65%
shown in Fig.13. Formulation F7 showed higher
moisture absorption, formulation F8 showed lower
moisture absorption.

Kinetic study of in vitro drug release data:
The release of drug followed Peppas model but
only F1 and F6 follows matrix release pattern. The
drug release of the rest of the formulations shows
Kosmeyer peppas as the best fit model. None of the
formulation follows fickian diffusion but follows
non fickian (anamolous) behaviour. The optimized
formulation F10 shows the peppas as the best fit
model with non-fickian anamolous behaviour with
n value of 0.9831.

FIG.13: COMPARATIVE BAR GRAPH OF % MOISTURE
ABSORPTION FORMULATION F1-F9

12. Moisture Loss:
Moisture loss values ranged from 1 to 2.2% shown
in Fig.14. Formulation F7 showed lower moisture
loss value, formulation F8 showed higher moisture
loss value.

FIG.15: COMPARATIVE IN VITRO DRUG RELEASE
PROFILE OF FORMULATION F1-F9

15. In vitro drug diffusion studies:
Percent drug permeated through all formulations
ranged between 90.06 to 96.34% shown in Fig. 16.
Formulation F8 with lowest concentration of
polymers showed highest drug permeation
(96.34%), F7 with highest concentration of
polymers showed lowest drug permeation
(90.06%).
FIG.14: COMPARATIVE BAR GRAPH OF % MOISTURE
LOSS FORMULATION F1-F9
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TABLE 4: PREDICTED SOLUTIONS (OPTIMIZED) BY THE
SOFTWARE: FACTORS AND RESPONSES
Factors
Response
X1 (%)
X2(%)
Y1(gm/cm2)
Y2(gms)
Y3(%)
4.5%
1.25%
63.45
7.4
93.67
TABLE 5: OPTIMISED FORMULATION F10
Formulation ingredients
Quantities
Complex Equivalent to 20mg of
744 mg
Fexofenadine Hydrochloride
HPMC E5
4.5%
HPMC K4M
1.25%
Propylene Glycol
10%
Sodium Saccharin
0.1%
Distilled Water
q.s
FIG. 16: COMPARATIVE IN VITRO DIFFUSION PROFILE
OF FORMULATION F1-F9

Optimization:
The regression analysis of quadratic model fit
revealed that tensile strength, mucoadhesive
strength and % in vitro diffusion were 97%
correlated with active factors X1, X2. Based on the
optimization results, ANOVA (p< 0.05) and
desirability = 1, one solution was predicted by the
software for independent variables X1 and X2 with
desired responses Y1, Y2, Y3.
Finally, a check-point batch F10 (optimized
formulation) (Table 5) using optimized values is
formulated to prove the validity of evolved method.
The results of evaluation parameters for optimized
formulations F10 were found to be uniform and
within the permissible limit as shown in Table 6.

e

ENGTH (gms)
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TABLE 6: EVALUATION PARAMETERS OF OPTIMISED
FORMULATION F10
Physical Appearance
Smooth, homogenous and white
Drug Content
96.3 ± 0.89 %
Swelling Index
23.3 ± 1.22%
Surface pH
6.3 ± 0.34
Tensile Strength
65.50 ± 1.03 gm/cm2
Mucoadhesive Strength
7.2 ± 0.95gms
In vitro Diffusion at the end
94.42 ± 0.87%
of 120mins
In vitro drug release at the
96.34 ± 0.93%
end of 120mins
Kinetic Release Model
Peppas R2= 0.9831
TABLE 7: COMPARISON BETWEEN EXPERIMENTED
VALUES (E) AND PREDICTED VALUES (P) FOR THE
OPTIMIZED FORMULAE
Experimented
Predicted
%
Response variables
values
values
Error
Y1 Tensile strength
65.50
63.45
+ 3.23
(gms)
Y2 Mucoadhesive
7.2
7.5
-4
strength (gm/cm2)
Y3 In vitro drug
94.42
93.67
+ 0.8
diffusion (%)

MUCOADHESIVE STRENGTH (gms)

1

6

5

0.5

0

4

-0.5

5
6
7
-1
-1

-0.5

0

0.5

1

X1: A: HPMC E5 (%)
X2: B: HPMC K4M (%)

FIG.17 AND 18: CONTOUR PLOTS OF RESPONSE Y1 AND Y2
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Design-Expert® Software
Factor Coding: Actual
IN VITRO DIFFUSION (%)
Design Points
96.97
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IN VITRO DIFFUSION (%)

1

90.29

93
0.5

X1 = A: HPMC E5
X2 = B: HPMC K4M

0

94

-0.5

95

-1
-1

-0.5

0

0.5

1

X1: A: HPMC E5 (%)
X2: B: HPMC K4M (%)

70
60
50
40
30

T E N S IL E

25.5
X1 = A: HPMC E5
X2 = B: HPMC K4M

S TR E N G T H

Design-Expert® Software
Factor Coding: Actual
TENSILE STRENGTH (g/cm2)
Design points above predicted value
Design points below predicted value
65.5

(g /c m 2 )

FIG. 19: CONTOUR PLOT OF RESPONSE Y3

20

1
1

0.5
0.5
0
0

B: HPMC K4M (%)

-0.5

-0.5
-1 -1

A: HPMC E5 (%)

FIG. 20 AND 21: 3D RESPONSE SURFACE PLOTS OF RESPONSE Y1 AND Y2

FIG.22: 3D RESPONSE SURFACE PLOT OF RESPONSE Y3
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16. Ex vivo permeation studies:
Ex vivo permeation study of optimized formulation
F10 was carried out through porcine oral mucosa
using modified Franz diffusion cell apparatus. The
optimized oral film F10 showed 85.89 % of drug
permeation through the mucosa at the end of 2
hours. The percentage of drug permeated was
calculated and plotted against time as shown in
Fig. 23

FIG.25: 3×3 CM2 BACKING LAYER

FIG. 23: EX VIVO
FORMULATION F10

PERMEATION

OF

OPTIMIZED

17. Stability studies:
The optimized formulation F10 was selected for
short term stability studies at temperature 250C
±2.00C/ 60% RH% ±5.0% and accelerated stability
studies were carried out at 400C±2.00C/ 75% RH%
±5.0%. For 15 days and 30 days, the films were
analysed for tensile strength, in vitro drug release
and drug content. There was minor decrease in all
the evaluated parameters.

DISCUSSIONS: The FTIR study and DSC study
revealed that there was no interaction between the
drug and the polymers used and confirmed the
formation of the inclusion complex. The inclusion
complex of the FHCl showed enhancement in its
solubility and dissolution rate.
All films appeared to be smooth, translucent and
uniform in texture. The pH of all formulations was
within limits of the normal physiological pH range.
The weight and thickness of all the films was
found to be uniform. Folding endurance,
mucoadhesive strength and tensile strength were
in acceptable range. In vitro drug release studies at
the end of two hours showed maximum release of
95.5% and maximum drug permeation observed at
the end of 120 minutes was 96.3%. Kinetic release
studies revealed that all formulations show non
fickian diffusion following release from peppas and
matrix model.
Optimised formulation F10 showed good tensile
strength, mucoadhesive strength and optimum in
vitro diffusion result. Kinetic release studies
indicated it follows Korsmeyer Peppas model
showing non fickian diffusion. Drug permeation
through porcine mucosa at the end of 120 minutes
was 85.89%. It was also subjected to stability
studies as per ICH storage conditions at room
temperature 250C ±20C (60% ± 5%RH) and
accelerated conditions at 400C ± 20C (75% ±

FIG.24: FILMS OF OPTIMIZED FORMULATION F10 OF
2×2 CM2
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5%RH) for 30 days. Stability studies revealed that
formulation was stable for 1 month.

Pharmacy Hubballi for helping me with the
statistical design for optimization.

CONCLUSIONS: Drug and polymers were found
to be compatible. Complexation with 2-HPβCD
improved the solubility of Fexofenadine
Hydrochloride two folds as compared to pure drug.
FTIR spectra of inclusion complex and DSC
studies showed formation of inclusion complex
between FHCl and 2-HPβCD. The effect of HPMC
E5 and HPMC K4M was successfully studied on
selected responses tensile strength, mucoadhesive
strength and in vitro diffusion using central
composite design.
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Prepared films were creamy white, smooth in
appearance with good physical and mechanical
properties and good results were obtained for
evaluated parameters. Regression analysis was
fitted to the model to ascertain its validity.
Optimised formulation F10 gave optimum results
for selected responses i.e experimental values and
the predicted values were having no much
differences.
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Stability studies revealed that formulation F10 was
stable without any deviations for evaluated
parameters. Optimized film F10 showed 85.89% of
drug permeation in ex vivo permeation study.
Therefore it can be concluded that Fexofenadine
Hydrochloride solid dispersed buccal films can be a
promising formulation for the effective treatment of
allergic rhinitis and urticaria, wth reduced dose
size.
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a b s t r a c t
The present work aims to investigate targeting potential of doxorubicin (Dox) functionalized gold
nanoparticles (D-GNPs) for treatment of chemically induced ﬁbrosarcoma in mice. Carrier GNPs were synthesised by green chemistry method and loaded with doxorubicin by incubation method. D-GNPs were
studied for its biocompatibility using normal mouse ﬁbroblasts (L929) and found to be cell compatible and
non-toxic. D-GNPs (at a dose of 2.5, 2 and 1.5 mg/kg equivalent to Dox) demonstrated passive targeting
measured as function of antitumor efﬁcacy against chemical induced ﬁbrosarcoma which showed higher
latency to the tumour growth as compared to free Dox (2.5 mg/kg). D-GNPs exhibited signiﬁcantly higher
therapeutic anticancer efﬁcacy (∼81% tumour suppression at dose of 2.5 mg/kg equivalent to Dox) in the
same model as compared to that of free doxorubicin (∼48% tumour suppression at dose of 2.5 mg/kg).
Safety proﬁle and targeting efﬁciency of developed formulation was established by assessing cardiac and
blood markers.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
Doxorubicin (Dox) is a well-known semisynthetic, anthracycline antibiotic partly obtained from bacterial species and used in
cancer therapeutics. It works by intercalating DNA by inhibiting
DNA topoisomerase I and II, with the most dangerous side effect
being heart damage and myelosuppresion. Dox ﬁnds its use in treatment of blood cancer (leukaemia and lymphoma), sarcomas and
organ cancers of stomach, bladder, lungs, ovaries, breast, etc. [1].
Despite the widespread application of Dox in cancer treatment, its
medical use is restricted because of its most severe side effect like
cardiomyopathy, leading to congestive heart failure. The frequency
of cardiomyopathy is dependent on its cumulative dose and the situation worsens when multiple dosing of Dox becomes compulsory.
The damaging effect of Dox is more severe on paediatric cancer
survivors in which about 10% of these patients receiving Dox will
develop systematic cardiomyopathy after the end of chemotherapy
[2].

∗ Corresponding author at: Dr. Prabhakar Kore Basic Science Research Center, KLE
University, Belgaum, 590010 Karnataka, India.
E-mail address: jalalpuresunil@rediffmail.com (S. Jalalpure).
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1043-6618/© 2016 Elsevier Ltd. All rights reserved.

Several studies suggest that a lower weekly doses, sustained
release, targeted dosing or even continuous infusion will satisfactorily suppress solid tumor with reduced cardiac damage [2]. The
most effective tool to prevent Dox induced cardiotoxicity is modulating the dose by altering the drug delivery system. One such
approach is use of nanotechnology for targeting Dox to cancerous
cells which could subsequently reduce its associated side effects on
cardiac and myeloid cells.
Cancer nanotechnology is a potential area of research due to
its widespread applications in treating cancer, including imaging,
diagnosis and targeted therapy. Nanoscale size range of particles
is manipulated for targeted therapy of anticancer drugs [3]. It is
expected that on administration into circulatory system nanocarriers like gold nanoparticles (GNPs) should reach at the diseased
tissues via two different mechanism’s namely passive or active
targeting. In present investigation, we have focused on passive
targeting approach for targeting Dox to cancerous cells. Passive targeting depends on aggregation of the drug of interest in malignant
tissues due to extravasation through leaky (gaps ∼600 nm) blood
vessel. GNPs, in the size range of 5–200 nm take advantage of the
enhanced permeation and retention (EPR) effect leading to effective
passive targeting of loaded anticancer drug [4].
Although various nano formulations have been designed to
improve the anticancer potential of Dox, most of the studies are
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limited only to in vitro testing on cancer cell lines [5,6]. Further,
potential of GNPs in improving the anticancer efﬁcacy of Dox with
subsequent reduction in associated side effects is very less explored
till date. In this regard, even though doxorubicin nanoparticles have
been formulated with different polymers like dextran-chitosan
derivative [7], PEGylated gelatin conjugate [8], polyethylene sebacate [9], poly (butyl cyanoacrylate) [10], lipids conjugates [11]
and micellar conjugates of PEG and block graft copolymers [12],
pH sensitive polymers [13] are used for targeting doxorubicin
to brain, hepatic, breast cancers, but merger data is available on
study of its associated toxicity. Moreover, almost all polymers used
for formulation of nanoparticles are synthetic in origin leading
to poor biodegradability, biocompatibility (use of synthetic polymers) and have stability issues. Some nanoformulations showed
lower stability whereas micellar nanoformulations of Dox may lose
its structural architecture in differential pH of GIT. Further, the
efﬁcient therapeutic application of the aforementioned delivery
system is limited by its poor industrial scalability. Hence, green
synthesised GNPs could serve as a potential carrier which could
overcome the issue of biocompatibility, biodegradability, targeting
ability (acts by passive targeting), improved loading capacity, stability and scalability. Although literature suggests that doxorubicin
have been tagged to resveratrol mediated gold nanoparticles (green
chemistry method) but the study is limited to in vitro anticancer
studies [14]. In another study, doxorubicin loaded magnetic gold
nanoparticles was formulated and studied for its in vivo antitumor
activity but the study did not demonstrated dose related effects and
its implication on associated side effects [15].
Herein, we stemmed our work to investigate the targeting
potential of Dox loaded gold nanoparticles (D-GNPs) formulation
in the chemically induced ﬁbrosarcoma bearing animals. A signiﬁcant correlation of the in vivo antitumor targeting of D-GNPs with
associated side effects was generated.
2. Materials
Gold (III) chloride hydrate (99.99% metal basis), cysteine, histidine, human serum albumin, bovine serum albumin was purchased
from Sigma-Aldrich, Pune, India. Normal mouse ﬁbroblasts used
in this study were obtained from the National Centre of Cell Science, Pune, India. Dulbecco’s modiﬁed Eagle medium (DMEM),
fetal bovine serum (FBS), and Pen Strep (a mixture of penicillin
and streptomycin) was procured from Gibco Life Technologies
(Auckland, New Zealand); gentamycin (4 mg/ml) and amphotericin
(5 mg/ml) were purchased from Himedia Pvt. Ltd. (Mumbai, India).
Deionized water was obtained from Shimadzu milli Q water system. Doxorubicin hydrochloride was obtained as generous sample
from RPG Life Sciences Limited, Mumbai, India. All other reagents
used were of analytical grade.
3. Methodology
3.1. Synthesis of gold nanoparticles and its characterization
Aqueous plant extract of heartwood of Pterocarpus marsupium
was prepared by boiling 10 g coarse plant powder with 100 ml of
deionized water for 15 min. Prepared extract was ﬁltered through
whatmann ﬁlter paper # 41 and studied for its preliminary phytochemical analysis. GNPs were prepared by addition of 1 ml aqueous
plant extract to 10 ml of gold chloride solution (0.5 mM) at 40 ◦ C.
Visual colour change followed by UV–vis spectroscopy was used
to conﬁrm synthesis of GNPs. Synthesized GNPs were separated
from the mixture using high speed refrigerated centrifuge (Kub◦
ota 6500, Japan) at 17,000 rpm, 4 C for 20 min. Settled pellets
(GNPs) were collected and re-suspended in deionised water and

centrifuged thrice to yield pure GNPs. PM stabilized GNPs were
characterised for particle size, zeta potential and polydispersity
index using Zeta Sizer (Malvern Instrument, UK). Transmission
electron microscopy (TEM) coupled with SAED (Selected area
electron diffraction) (Hitachi H-7500, Japan) equipped with CCD
camera was used to record the images. GNPs colloidal sample was
deposited on sample holder carbon coated copper grid and scanned
at magniﬁcation of 200,000× to get the images, in which a spot was
ﬁxed and analysed for SAED to conﬁrm crystallinity of synthesised
GNPs [16].
3.2. Inductive coupled plasma-atomic emission spectroscopy
(ICP-AES) of GNPs
ICP-AES (Spectro Arcos, Germany) was employed for qualitative
and quantitative estimation of gold content at ppm level. Initially,
calibration curve of known gold was obtained by using standard
gold solution (NIST H (AuCl4 ) in HCl 2 mol/l 1000 mg/l Au Certipur® ,
Catalog no: 170216, Merck Millipore corporation, Germany) concentrations of 0.1, 1, 10 and 100 ppm at 242.80 nm. Prior to analysis,
GNPs sample (3 ml) was pre-treated with 3 ml concentrated nitric
◦
acid and heated to 75 C for 15 min until it turns colourless. Samples
were then ﬁltered, volume was made upto 10 ml and analysed for
gold content. Experiments were performed in triplicate and results
are expressed in mean (ppm) ± standard deviation [17].
3.3. Formulation and characterization of Dox loaded GNPs
(D-GNPs)
D-GNPs were formulated as mentioned in our previous studies
[5] in which GNPs and Dox (10:1) were incubated at room temperature for 24 h and were ﬁnally analyzed for its loading efﬁciency,
particle size, zeta potential and polydispersibility index (PDI). The
drug release of D-GNPs was studied under simulated physiological
conditions using phosphate buffer with a pH of 7.4 at 60 rpm and
37 ◦ C.
3.4. Biocompatibility studies
3.4.1. In vitro stability studies of D-GNPs
In vitro stability studies were performed by mixing equal volumes of D-GNPs and aqueous solution each of 0.2 M cysteine, 0.2 M
histidine, 2% human serum albumin (HSA), 2% bovine serum albumin (BSA), phosphate buffer pH 2, 5, 7, 10, 12 and 0.9% NaCl, and
incubated for 48 h. Aliquots of samples were analysed after 30 min,
12 h, 24 h, 48 h using UV–vis spectroscopy [16,17].
3.4.2. Cytotoxicity assay of GNPs, Dox and D-GNPs
Normal mouse ﬁbroblast (L929) cell lines were seeded in the 96
well ﬂat bottom plates at the densities of 1 × 104 cells/well/0.1 ml
medium and allowed to adhere by incubating for a period of 24 h in
CO2 incubator (Eppendorf, New Brunswick, Galaxy 170R, Germany)
maintained at 37 ◦ C and 95% humidity. The cell count was determined using a haemocytometer. The medium was discarded and
replaced with fresh medium (0.1 ml) containing different concentrations of Dox (100, 50, 25, 12.5, 6.25 and 3.125% where 100%
represents 25 g/ml), D-GNPs (100, 50, 25, 12.5, 6.25 and 3.125%
where 100% represents 25 g/ml of equivalent of Dox), and GNPs
(100, 50, 25, 12.5, 6.25 and 3.125%) followed by incubation at 37 ◦ C.
At the end of 24 h the medium in each well was discarded and
50 l of methyl thiazolyl tetrazolium (MTT) solution (5 mg/ml in
phosphate buffer saline) was added to each well and the plate was
incubated at 37 ◦ C. On completion of 4 h, DMSO (100 l) was added
to each well to dissolve formed formazan crystals and absorbance
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was recorded at 570 nm ﬁlter using ELISA plate reader to calculate
percent cell viability [17,18].
3.5. In vivo antitumor activity
Animal study protocol was initially approved by the Institutional Animal Ethics Committee, KLE College of Pharmacy, Belagavi,
India. Female mice of 20–25 g were selected for the study owning to
enhanced sensitivity than male towards doxorubicin induced cardiotoxicity [2]. Animals were provided by the central animal facility
from the institute and acclimatized at temperature of 25 ± 2 ◦ C, RH
50%–60% under natural light/dark conditions for two weeks before
experiments. In vivo antitumor activity of DOX and D-GNPs at different doses against chemically (3-methacholanthrene) induced
tumor was evaluated in female mice. Initially a mouse was injected
with single subcutaneous administration of 3-methacholanthrene
(200 g) into the thigh region to produce ﬁbrosarcoma tumor.
Tumor which appeared three weeks after injection was minced and
excised in aseptic condition and cell suspension was prepared by
using sterile phosphate buffer saline. The suspension (0.5 ml) was
immediately injected subcutaneously to mice in the thigh region
to generate ﬁbrosarcoma tumor [19]. All the animals were divided
into seven groups each containing six animals. Group I: Normal
group, free from tumour, received normal saline iv, Group II: Disease control, Fibrosarcoma induced mice received no treatment,
Group III: Fibrosarcoma induced mice received GNPs iv, Group IV:
Fibrosarcoma induced mice received free dox (2.5 mg/kg) treatment, Group V VI and VII, Fibrosarcoma induced mice received
D-GNPs equivalent to 2.5, 2 and 1.5 mg/kg of dox treatment. All the
animals with measurable tumors (Approx tumour volume–1 cm3 )
were used in the study, where tumor volume was measured using
the formula length × (Width)2 /2, as it represent the actual spectrum of various tumor shapes and sizes [20]. All the formulations
were administered intravenously through tail vein in a repeated
dose (once in 3 days for 3 doses) with prior calculation of dose as per
body weight. Tumor growth and survival of animals were observed
for 60 days, after which they were sacriﬁced by survical dislocation.
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and experimental groups of mice. The bone marrow was ﬂushed
with repeated aspiration with 26 gauge needle to make up the volume upto 10 ml in phosphate buffer saline (PBS). Viable cell count
was made in haemocytometer by tryphan blue exclusion method.
Trypan blue solution, 0.4%, is usually used to rapidly evaluate cell
viability and is based upon the concept that viable cells do not
take up trypan blue whereas dead cells are permeable and take up
the dye. Initially, sample (100 l) and 0.4% trypan blue dye solution (100 l) were mixed thoroughly and 10 l of the mixture was
loaded on counting chamber and examined under a microscope
at low magniﬁcation (10×). All viable i.e., colourless cells were
counted to calculate the total bone marrow viable cell count [21].

3.7. Histopathology
After experimentation animals were sacriﬁced by cervical dislocation and tissues (Hearts, Lungs, Liver, Kidney and brain) from all
experimental animal groups were stored in 10% buffered formalin.
Tissues were embedded in parafﬁn blocks and sliced into 5 m in
thickness, mounted on slides, stained with haemotoxylin and eosin
and examined under light microscope (Olympus BX-50 Corporation
Tokyo, Japan) to get histopathological images. Histopathological images were evaluated by seven point scale grading system
described by Billingham et al. to estimate the intensity of cardiac
injury in experimental animals [22].

3.8. Statistical analysis
All data is expressed as mean ± standard deviation and analysed
by using one way ANOVA procedure followed by Tukey–Kramer
multiple comparison tests using Graph Pad Prism Version 5. A p
value < 0.05 was considered as statistically signiﬁcant.

4. Results and discussion
3.6. Toxicity studies
4.1. Synthesis of gold nanoparticles and its characterization
After completion of study, animals were sacriﬁced and blood
was collected by retro-orbital puncture into heparinized tubes.
Plasma was separated from blood samples using ultra centrifuge
(Eppendorf minispin plus, Germany) at 15,000 g for 10 min and
stored at −20 ◦ C. The safety proﬁle of D-GNPs and free Dox in chemically induced tumor bearing animals was evaluated as a function
of cardiotoxicity and myelosuppresion (bone marrow depression).
3.6.1. Cardiotoxicity proﬁle
Cardiac marker like Creatine kinase-MB (CK-MB) level was
assayed using the commercially available diagnostic kit (GenX CKMB kit manufactured by Protons Biologicals Pvt. Ltd., Bangalore
India). Blood samples were collected and plasma was separated
using centrifuge (Eppendorf minispin, Germany) immediately and
stored in dark at 2–8 ◦ C. CK-MB level was analysed in freshly separated plasma as per manufacturer’s instructions.
3.6.2. Myelosuppresion proﬁle
Myelosuppresion was estimated by using different blood
parameters like total blood count (RBC, WBC and haemoglobin
count) and bone marrow cell count by bright-ﬁeld counting
method. Total blood cell count was performed manually by using
neubauer chamber (haemocytometer) in which counting chambers
that hold a speciﬁed volume of diluted blood were used to calculate a number of RBC and WBC per litre of blood. For bone marrow
cell count, femurs were aseptically removed from the untreated

Preliminary phytochemical studies of aqueous plant extract
conﬁrms the presence of antioxidant principles like ﬂavonoids,
polyphenols, proteins, tannins and carbohydrates. These phytochemicals were used as a green source for reducing gold chloride to
yield GNPs. Synthesis of GNPs was initially observed by visual color
change from colourless to red indicating formation of GNPs in ﬁve
minutes and conﬁrmed by UV–vis spectroscopy, which showed a
characteristic peak at 538 nm as shown in Fig. 1(A). Peak positions
of UV–vis spectrum are mainly inﬂuenced by dielectric constant
of medium, particle shape, and temperature which conﬁrms the
polydisperse nature of synthesized GNPs. Particle size, zeta potential and PDI of green synthesised GNPs was found to be 75.63 ± 0.73,
−27.06 ± 1.32 and 0.301 ± 0.042 respectively. Green synthesized
GNPs were analysed by TEM coupled with SAED to obtain higher
resolution clear images of GNPs. TEM images clearly showed mixed
morphology with predominantly distorted spheres along with
presence of coating of phytochemicals onto GNPs (Fig. 1(B)). It is
important to note that phytochemicals like ﬂavonoids, proteins and
carbohydrates present in the plant extract ensures not only reduction of gold salt to corresponding GNPs but also effectively coat
GNPs to impart excellent robustness against aggregation leading to
thermodynamically stable GNPs. SAED pattern (Fig. 1(A)) of GNPs
suggests that the synthesized GNPs were nanocrystalline in nature
and hence results obtained corroborate with our previous ﬁndings
[16].
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Fig. 1. UV–vis spectrum of GNPs and D-GNPs (A), TEM image (B) and SAED pattern (C) of synthesized gold nanoparticles.

4.2. Gold content estimation-Inductive coupled plasma-atomic
emission spectroscopy (ICP-AES) of GNPs
The calibration graph for gold was linear at ppm level concentrations in which the correlation coefﬁcient of the calibration curve of
gold was 0.999. The concentration of synthesized GNPs measured
by using ICP-AES was found to be 2.78 ± 0.575 g/ml.

4.3. Preparation and characterization of DOX loaded GNPs
(D-GNPs)
The loading of Dox onto GNPs was based on the concept that
DOX in water gets protonated and generates positive charge which
helps in loading onto negatively charged GNPs due to hydrostatic
forces of attraction. UV–vis spectroscopy shows increase in the
wavelength from 538 nm to 541 nm suggesting increase in particle size (Fig. 1(A)), the reason for which could be attributed to the
adsorption of Dox onto GNPs. The loading efﬁciency, particle size,
PDI, and zeta potential of D-GNPs were found to be 75.14 ± 2.42
percent, 88 ± 2.16 nm, 0.272 ± 0.030, and −16 ± 0.58 respectively.
Loading of Dox onto GNPs was conﬁrmed by the UV–vis spectroscopy which shows red shift owing to increase particle size and
decrease in zeta potential, possibly due to the adsorption of positively charged DOX onto GNPs. These results corroborate with our
previous ﬁndings and hence D-GNPs were found ﬁt for in vivo antitumor activity [5]. Drug release studies revealed a 94 ± 2.19% drug
release within 3 h in phosphate buffer of pH 7.4.

4.4. Biocompatibility studies
4.4.1. In vitro stability studies of D-GNPs
In vitro stability studies also known as blood compatibility studies was performed to conﬁrm the stability of D-GNPs on exposure
to various blood components and different pH conditions over a
reasonable period of time. D-GNPs were tested against 2% human
serum albumin (HSA), 2% Bovine Serum Albumin (BSA), 0.2 M histidine, 0.2 M cysteine, 0.9% NaCl, phosphate buffer pH 2, 5, 7, 10
and 12. Cysteine owing to the presence of thiol functional group is
capable of exchanging with the coating material of D-GNPs which
could lead to unstability of D-GNPs whereas histidine is mainly
responsible to trigger the immune response to allergens in the
body. Albumin is available abundantly and is the main component of blood proteins, which established the base to test D-GNPs
against BSA (mammals) and HSA (humans). In the present research
investigation, formulated D-GNPs were supposed to be injected
intravenously which makes it mandatory that the formulation
should be stable/intact in blood during animal testing. Moreover,
cellular systems are abundant with Na+ and K+ ions could also react
with D-GNPs leading to aggregation and unstability. D-GNPs were
therefore tested against the electrolyte solution which is available
in clinical settings as saline (0.9% NaCl) which is commonly used
as the diluent for intravenous administration along with cysteine,
histidine, HSA and BSA [23,24].
The shift of UV–vis peak by 5 nm wavelength in all the above
mixtures was permissible and recognized as stable and intact DGNPs. Stability studies revealed that the D-GNPs were stable in
all conditions except in acidic pH (UV–vis peak at 545 nm) which
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Fig. 2. Biocompatibility studies; (A) in vitro stability studies of D-GNPs; (B) Cytotoxicity studies of DOX, GNPs and D-GNPs against normal mouse ﬁbroblast L929 cell lines.

showed broadening of peak along with increase in wavelength (red
shift) (Fig. 2(A)). Peak broadening of D-GNPs in acidic conditions
reveals increase in particle size leading to aggregation and unstability. In alkaline condition (pH 12), D-GNPs were found to be more
stable than original showing UV–vis peak at 526 nm when compared with D-GNPs in neutral condition (pH 7) which showed peak
at 540 nm. These results corroborates with the existing literature
which advocates that increase in pH enhances the homogenous
nucleation leading to improved stability. Additionally, alkaline condition generates negatively charged hydroxyl ions (OH− ) which
react with the existing negative charge on surface of D-GNPs giving rise to electrostatic force of repulsion consequently generating
higher Brownian moments to impart stability to the D-GNPs colloid. However, acidic pH generates positively charged hydrogen
ions (H+ ) which interact with negatively charged surface of D-GNPs

decreasing the electrostatic force between GNPs leading to aggregation and unstability [25].
Balance of the repulsive and attractive forces determines the
stability of D-GNPs colloidal dispersion. Colloidal dispersion is
believed to be stable when the repulsive forces overcome attraction forces keeping the particles dispersed in dispersion medium
leading to stable colloid and vice versa. In other words, the use of
alkaline medium may be an innovative method for formulators to
control the shape and size of D-GNPs by merely varying the pH
value of the medium.
4.4.2. Cytotoxicity assay of GNPs, DOX and D-GNPs
Biocompatibility is the most important parameter to be evaluated for any bio-nanomaterial proposed for in vivo drug delivery
system. Biocompatibility of nanoformulation is determined by
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Fig. 3. Tumor progression after repeated administration of formulations for 60 days.

Fig. 4. Therapeutic anticancer efﬁcacy of Dox and D-GNPs formulations; (A) Kaplan Meier survival plot representing percent survival of animals pre and post treatment, (B)
Tumor burden after 60 days (C) Representative photograph of mice depicted tumor sizes. [I] Diseased control group [II] mice treated with Dox (2.5 mg/kg) [III] mice treated
with D-GNPs equivalent to 2.5 mg/kg of Dox. ***P < 0.001, **P < 0.01, *P < 0.05; a: disease control, b: ﬁbrosarcoma induced mice receiving free Dox. Each data point represents
mean ± Std Dev. (n = 6).

evaluating the cytotoxicity against normal cell lines. In the present
investigation, cytotoxicity of PM stabilized GNPs, DOX and D-GNPs
against primary mouse ﬁbroblast culture (L929) were evaluated
using MTT assay. Cytotoxicity of samples was compared with control (untreated) cells that were considered as 100 percent viable
(Fig. 2(B)). It was found that GNPs, DOX and D-GNPs were biocompatible and non-cytotoxic against normal mouse ﬁbroblasts even at

higher concentrations and can be used for in vivo anticancer activity. The present investigation reports that plant based chemicals
are of vital importance in context of synthesis of GNPs for in vivo
biomedical applications under nontoxic conditions. Lack of any toxicity of phytochemicals stabilized GNPs and D-GNPs provide new
prospects for the safe delivery and applications of Dox loaded GNPs
in targeted therapy and molecular imaging in cancer therapeutics.
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Fig. 5. Representation of passive targeting due to enhanced permeation and retention effect.

4.5. In vivo antitumor activity
Antitumor activity after three intravenous doses of free Dox
2.5 mg/kg and DGNPs (equivalent to 2.5, 2 and1.5 mg/kg of Dox)
to ﬁbrosarcoma induced female mice is shown in Fig. 3.
All the formulations revealed signiﬁcant (P < 0.05) tumor inhibition when compared to disease control group. Free Dox (2.5 mg/kg)
showed lesser antitumor efﬁcacy (˜ 48% tumor inhibition) when
compared to D-GNPs equivalent to 2.5 mg/kg of Dox (˜ 81% tumor
inhibition). Tumor burden studies (Fig. 4(B)) revealed that the
tumor volume burden was ˜ 19%, 44%, and 61% in case of D-GNPs
equivalent to 2.5, 2 and 1.5 mg/kg of Dox when compared to free
Dox (2.5 mg/kg) which showed tumor burden of˜52%.
This could be due to passive targeting in which nanocarriers
is expected to arrive at the tumor tissue after administration into
circulating system. In the present research investigation, passive
targeting depends on concentrating of D-GNPs in tumour tissue
due to extravasation through leaky blood vessels of˜600 nm [26]. A
key characteristic of GNPs in the range of 50–200 nm scale is their
ability to take advantage of the enhanced permeation and retention
effect as demonstrated in Fig. 5. These results are corroborated with
the research by Mohanty et al. which demonstrated the use of Dox
loaded resveratrol mediated GNPs for its in vitro anticancer efﬁcacy
against glioma cell lines (LN229). Although the study is in vitro
screening, but it suggests that there is enhanced activity of Dox
loaded resveratrol stabilized GNPS against LN 229 cells when compared with free Dox. The reason for this improved activity could be
perhaps due to the cell permeable nature of drug loaded nanoparticles, which might promote easy transport of the drug through the
cancer cell membrane [14]. Moreover, the in vivo studies performed
by Elbialy et al. of doxorubicin loaded magnetic gold nanoparticles
on Ehrlich ascites subcutaneous carcinoma clearly demonstrated
that Dox loaded magnetic GNPs enhanced antitumor activity with
compared to free Dox. Further, the reason for improved activity
was attributed to enhanced permeation and retention effect consequently leading to improved targeting ability toward tumor [15].
Fig. 4(A) shows the Kaplan Meier survival plot of experimental
groups for 60 days which revealed that there was 100% survival
in D-GNPs (equivalent to 2.5 mg/kg of Dox) when compared to Dox
(2.5 mg/kg) which showed 84% survival. Fig. 4(C) shows the representative photographs of ﬁbrosarcoma bearing mice from diseased
control, free Dox and D-GNPs (equivalent to 2.5 mg/kg of Dox).
However poor survival of disease control animals could be due to
higher levels of WBC which leads to excessive bleeding and death
[27].
4.6. Toxicity studies
4.6.1. Cardiotoxicity proﬁle
Dox induced cardiac myopathy is strongly linked to an increase
in cardiac oxidative stress evidenced by reactive oxygen species

Groups
Fig. 6. Levels of cardiotoxicity marker CK-MB after repeated treatment with different formulations. ***P < 0.001, **P < 0.01, *P < 0.05; a: disease control, b: ﬁbrosarcoma
induced mice receiving free Dox. Each data point represents mean ± Std Dev. (n = 6).

(ROS) induced damage such as lipid peroxidation along with
reduced level of antioxidants and sulfhydryl groups myoﬁbrillar deterioration and intracellular calcium dysregulation are also
important mechanism commonly associated with Dox associated
cardiotoxicity [2]. In the present investigation, it was expected that
GNPs act as a carrier for targeting Dox to unhealthy cancer cells,
which will reduce the levels of toxicity emerging due to the presence of free Dox in cardiac tissues. Hence, estimation of CK-MB
serves as the critical measure of cardiotoxicity induced by Dox.
CKMB an enzyme found primarily in the myocardium is used to
evaluate the existence and extent of myocyte injury. World health
organisation (WHO) has recognized CK-MK as the gold standard
indicative of myocardial damage and is widely used in research
involving cardiotoxicity [28].
Fig. 6 represents the levels of CK-MB in various experimental
(DOX and D-GNPs), normal and disease control groups. A signiﬁcant
increase (P < 0.05) in CK-MB levels of mice treated with free Dox
(2.5 mg/kg) when compared to D-GNPs (equivalent to 2.5 mg/kg of
Dox) was observed. Treatment of ﬁbrosarcoma induced mice with
free DOX signiﬁcantly elevated CK-MB levels, which are released
from damaged myocyte and sensitive indication of cardiac injury. It
is widely reported that Dox induced free radical generation triggers
membrane peroxidation and disruption of cardiac myocyte, which
can lead to increased release of CK-MB [29]. However treatment of
mice with D-GNPs (equivalent to 2 and 1.5 mg/kg of Dox) showed
no signiﬁcant difference in CK-MB levels when compared to normal and diseased control groups. The reason could be attributed to
passive targeting of D-GNPs predominantly to tumor cells leading
to reduction in the concentration of free Dox in blood.
4.6.2. Myelosuppresion proﬁle
Bone marrow suppression or myelosuppresion is the condition
characterized by decrease in production of mainly WBC (responsible for providing immunity) and RBC (carrying oxygen), bone
marrow viable cell count. This condition is generally induced by
anticancer drugs like Dox and can lead to deadly infection, due to
lack of WBC to invading bacteria and viruses, and also leading to
anaemia due to a lack of RBC. Toxicity to bone marrow reduces the
number of RBC, WBC and haemoglobin count as it is cite for production of these cells [30]. In the present investigation it was expected
that Dox tagged GNPs will deliver the drug at tumor sites leading to
unavailability of free Dox in blood vessels which will subsequently
reduce Dox associated myelotoxicity.
Fig. 7 represents the total blood count (RBCs, WBCs and
haemoglobin) and bone marrow cell count. It was found that there
is signiﬁcant (P < 0.05) decrease in bone marrow viable cell count,
RBC and consequently haemoglobin level in animals treated with
free Dox (2.5 mg/kg) when compared with D-GNPs (equivalent to
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Fig. 7. Levels of representative myelosuppresion markers like blood cells (RBC, WBC, haemoglobin content and total bone marrow cell count) after repeated treatment with
different formulations. ***P < 0.001, **P < 0.01, *P < 0.05; a: disease control, b: ﬁbrosarcoma induced mice receiving free Dox. Each data point represents mean ± Std Dev.
(n = 6).

Fig. 8. Histopathological images of organs (heart, kidney, lungs, liver and brain) of experimental groups.
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Table 1
Results of histopathological studies.
Group

Histopathology

Group I (GNPs)

Liver: Fatty changes with portal triaditis,
18–20 neutrophils/portal traid
Liver: Normal
Liver: Fatty changes may be due to starvation

Group II (Normal)
Group III (Disease
control)
Group IV, free DOX
(2.5 mg/kg)

Group V
D-GNPs (equivalent to
2.5 mg/kg of Dox)
Group VI
D-GNPs (equivalent to
2.0 mg/kg of Dox)
Group VII
D-GNPs (equivalent to
1.5 mg/kg of Dox)

Liver: Fatty changes with portal triaditis,
18–20 neutrophils/portal traid, mild fatty
changes and congestion
Heart: Billingham Biopsy grade: 0.5
(myocardial cells are not normal with
congestion of the intermyocardial ﬁbres)
Liver: Portal triaditis, 10–12 neutrophils/portal
traid, mild fatty changes and congestion.
Liver: Portal triaditis, 8–10 neutrophils/portal
traid, mild fatty changes and congestion.
Liver: portal triaditis, 6–9 neutrophils/portal
traid, mild fatty changes and congestion.

2.5, 2 and 1.5 mg/kg of Dox). A signiﬁcant decrease (P < 0.05) in WBC
count of mice treated with free Dox (2.5 mg/kg) when compared to
D-GNPs (equivalent to 2.5 mg/kg of Dox) was observed. However
treatment of mice with D-GNPs (equivalent to 2 and 1.5 mg/kg of
Dox) showed no signiﬁcant difference in bone marrow cell count,
RBC, and Haemoglobin levels when compared to diseased control
groups. However, higher levels of WBC in disease control groups
were observed in which the reason could be attributed to the
defence mechanism of animal towards cancer [31].
4.7. Histopathology studies
Histopathological studies of all experimental and normal groups
are summarized in Table 1 and images are depicted in Fig. 8. Images
revealed that brain and kidney did not show any type of abnormalities at cellular level, however, all groups except normal group
showed mild fatty liver with varying intensities of portal triaditis, the reason for which could be attributed to poor diet during
cancer condition. Fatty liver in case of group receiving only GNPs
could be due to high uptake of nanoparticles by macrophages of
liver [32]. Heart was found to be normal in all groups except for the
animals which received Dox which showed minor congestion with
edema of the intermyocardial ﬁbres. Moreover, Billingham scale of
seven point grading system was used to estimate the intensity of
cardiac injury in experimental animals. Histopathological images
of heart that all the experimental groups were graded as zero as
they showed no evidence of dox induced cardiac damage except
for the group which received free dox group. Experimental group
IV, which received free Dox (2.5 mg/kg) was graded as 0.5 which signiﬁes that all the myocardial cells are not normal with congestion
of the intermyocardial ﬁbres [22].
5. Conclusion
Dox induced cardiac toxicity and myelosuppresion is an important health public concern as it may not be detected for several
years and remains lifetime risk particularly in children who may
survive for years after effective anti-neoplastic treatment. Present
research reports substantiate the claims of GNPs acts effectively as
a carrier for targeting Dox to ﬁbrosarcoma cancer cells which has
subsequently reduced Dox associated cardiac toxicity and myelosuppresion. Loading of Dox onto GNPs with high drug loading
capacity, industrial scalability with easy synthesis methodology is
demonstrated. Formulations can also be converted to solid form by
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freeze drying and hence poses great potential in terms of stability
and pharmacoeconomic considerations when compared to other
nanoparticulate systems. The targeting potential of GNPs to site
speciﬁc therapeutic efﬁcacy of Dox has improved by passive targeting (enhanced permeation and retention) effect which was also
supported by cardiac and bone marrow toxicity proﬁles of D-GNPs.
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Rosuvastatin Loaded Nanostructured Lipid Carrier:
For Enhancement of Oral Bioavailability
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Shivamurthi Mastiholimath and Uday Baburao Bolmal
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ABSTRACT
Rosuvastatin is a lipid lowering agent, which has low solubility and low bioavailability of
20% with oral administration. Therefore the present study was undertaken to improve
solubility and bioavailability of Rosuvastatin by formulating it into Nano structured lipid
carriers (NLCs) by using stearic acid and Compritol ATO 888 as solid-lipid, Oleic acid as
liquid-lipid and Poloxamer 188 as a surfactant. Rosuvastatin loaded NLCs were prepared
by high shear homogenisation followed by Ultra sonication technique. In this study two
solid lipids (stearic acid and Compritol ATO 888) were compared with liquid lipid in
different concentration in order to select suitable solid liquid lipid for Rosuvastatin to
achieve particle size in nano range. The prepared NLCs were evaluated for particle size
and size distribution, Poly dispersity index, drug content, entrapment efficiency, zeta
potential, In-vitro drug release, In-vivo bioavailability study in rat. The drug content
for the formulation F1 to F8 was found to be in the range of 83.18 to 96.59%. The
formulation F3 was optimised based on the mean particle size, poly dispersity index,
entrapment efficiency and zeta potential which showed 213.26 nm, 0.22, 89.1% and
-50.6 respectively. Transmission electron microscopy (TEM) studies on formulation
F3 revealed that all the particles were within the nano size range. Formulation F3
showed In-vitro drug release of 76.22% at the end of 12 hrs with a sustained release.
HPLC method was developed for determination of Rosuvastatin calcium in rat plasma
for bioavailability and pharmacokinetic evaluation. The relative bioavailability of NLC
formulation F3 showed an enhanced bioavailability with two folds as compared to the
marketed conventional tablet. The stability study was carried at 4ºC with 65% RH for
30 days showed no change in the particle size, entrapment efficiency and In-vitro drug
release.
Key words: Rosuvastatin, Nano structured, Stearic acid, Compritol, Homogeniser.

INTRODUCTION
Oral route is the most preferred route for
administration of drug as it offers greatest
degree of patient compliance. But most
of the drugs exhibit poor solubility, thus
their oral delivery often results in low bioavailability. The newly emerging lipid based
nano particles have been developed with the
aim of enhancing bioavailability of drug
by improving its dissolution and solubility.
Nano structured lipid carrier (NLC) is
second generation smarter drug carrier system

having solid matrix at room temperature.1
NLCs are composed of biocompatible solid
lipid matrices and liquid lipid which have
different chemical structure from the solid
lipid.2 NLC exhibit superior advantages
over other colloidal carriers and thus, have
been explored to more extent in pharmaceutical technology.
Rosuvastatin belongs to a class of medications called statins and is used as an adjunct to
dietary therapy to treat primary Hyper-
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lipidemia, mixed dyslipidemia and Hyper triglyceridemia. It is slightly soluble in water. It has
low bioavailability of 20% and a half life of 19 hrs. It
undergoes hepatic first pass metabolism.3
As per the literature study, it shows that high shear
homogenisation is the rapid and easy method for
formulation of NLCs and Emami J, (2012) prepared
cholesterol Nano structured lipid carriers with various
oleic acid content loaded with drug Paclitaxel by solvent
Emulsification-diffusion method using a Taguchi Design.
Particle size, zeta potential, entrapment efficiency, drug
loading and release percent of NLCs were measured;
Cytotoxicity studies indicate that PTX associated with
the NLC is also effective in HT-29 cell lines and enters
the cancer cells selectively through the LDL receptor
endocytic pathway.4 When compared to other molecules
of the same class, it shows high efficacy in the improvement of lipid profile, and, thanks to its non-cholesterol
lowering actions (anti-inflammatory, antioxidant and
antithrombotic), represents a crucial tool for cardiovascular primary and secondary prevention.5 Pharmacokinetic
study on female albino Wistar rats showed 5.4-fold
increase in relative bioavailability with NLC compared to
active pharmaceutical ingredient suspension. Optimized
NLC formulation also showed significant (p < 0.01)
lipid lowering effect in hyper lipidemic rats.6 The present
study was undertaken to develop Nano structured lipid
carrier for Rosuvastatin with prospect of increasing its
solubility and also enhancing oral bioavailability.
MATERIALS AND METHODS
Materials

Rosuvastatin a lipid lowering agent was received as a
gift sample from Cadila Health Care Ltd, Goa, India.
Compritol ATO 888 was procured from Gattefosse
SAS, France. Stearic acid was obtained from Qualigens
fine chemicals, Mumbai, India. Oleic acid was obtained
from SD fine-Chem Ltd., Mumbai, India and Poloxamer
188 was obtained from Ozone international, Mumbai,
India.
Method

Nano structured lipid carrier was prepared by high shear
homogenization followed by Ultra sonication method.7
In this method, lipids were melted at temperature ten
degrees above its melting point, then drug was added
to the melted lipids. The lipid phase and aqueous were
prepared separately. The dispersion was kept at the
same temperature until it appeared optically clear. Surfactant solution was prepared by dissolving Poloxamer
188 in distilled water and heated to the same tempera606

ture of lipid mixture. Hot surfactant solution was then
added to lipid phase drop wise and stirred for 10 min
on magnetic stirrer. The dispersion was further mixed
using high shear homogenizer at 12000 rpm for 30 min
followed by Ultra sonication for 15 min. The prepared
formulations were stored at 40C in a Refrigerator. The
composition of NLCs F1 to F8 is given in Table 1.
Particle size analysis and Poly dispersity index

The mean particle size and Poly dispersity index of the
formulations were measured by Dynamic Light Scattering
Particle Size Analyser 8 (Nano trac 150 USA). The cell
of the Nanotrac was cleaned and background was taken
with Millipore water. 3 ml of sample was placed in a cell
and was scanned for six times to get an average reading
of particle size and Polydispersity index.
Drug content determination

Drug loaded NLC equivalent to 1mg was first dissolved
in 1 ml methanol and was further diluted up to 10 ml
with phosphate buffer pH 6.8 and stirred continuously
for 2 hrs and then final colloidal suspension was ultra
centrifuged at 10,000 rpm for 30 min. Supernant was
taken, appropriate dilutions were made and measured
spectro photometrically at 239.2 nm to get drug content.9
Entrapment Efficiency determination

The entrapment efficiency was determined by measuring the amount of drug entrapped in NLCs 10 A volume of 3 ml of each drug loaded sample was taken in
a micro centrifuge tube and centrifuged at 50,000 rpm
at 250C for 2 hr using Sorval mX 150 Micro-centrifuge
(Thermo scientific, USA). The supernatant was collected;
appropriate dilutions were made with phosphate buffer
pH 6.8 and analyzed spectro photometrically at 239.2 nm.
The entrapment efficiency was calculated as follows:
Total amount of drug 
Total amount of unbold drug
% entrapment efficiency 
100
Total amount of drug

Zeta potential determination

Zeta potential of suitably diluted NLCs was measured
using zeta meter 3.0 + (Uniton, Japan). Charge on NLCs
and their mean zeta potential value with standard deviation of three measurements were obtained.11
In vitro drug release

The in vitro release of Rosuvastatin from different
formulations was determined using the dialysis bag
diffusion technique.12 An accurately weighed amount of
NLC equivalent to 5 mg of drug was transferred to a
dialysis bag (Hi-media, Mumbai, India) with molecular
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Figure 1: Schematic representation of the High shear homogenisation followed by Ultrasonication technique.

Figure 3: In vitro dissolution profile of the formulation F5 to
F8 and pure drug.

Figure 2: In vitro dissolution profile of the formulation F1 to
F4 and pure drug.

Figure 4: Transmission Electron microscopy of NLC Formulation F3.

Figure 5: Comparative in-vivo release profile of Optimized
formulation F3 and Marketed product by oral administration.

weight cut off 12,000 - 14,000 Dalton and sealed. The
sealed bag was then suspended initially for 2 hrs in USP
Type II Apparatus containing 900 ml 0.1 N HCl pH 1.2
followed by phosphate buffer pH 6.8 up to 12hrs at a
constant speed of 50 rpm at 37°C ± 0.5°C. Aliquots of
5 ml of the sample were withdrawn at predetermined
intervals from the receptor compartment and the same
was replaced with fresh buffer. The drug release was
determined spectro photometrically after dilution by
measuring the absorbance at 239.2 nm using the respec-

tive receptor medium as a blank, to calculate the amount
of drug released from the nano particles.
Transmission Electron Microscopy determination

An external morphology of prepared NLC in liquid state
was determined using transmission electron microscopy. A sample of the NLC was placed in a copper grid.
Digital Micrograph and Soft Imaging Viewer software
were used to capture the image and analysis the particle
size.13
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Table 1: Formulation Design of NLCs
Formulation

Drug: lipid
ratio

Drug (mg)

Stearic acid (mg)

Compritol ATO
888 (mg)

F1

1:1

F2

1:3

F3
F4

Oleic acid
(mg)

Poloxamer
188 (%)

5.0

5

5.0

15

--

5

1.0

--

15

1.0

1:6

5.0

1:9

5.0

30

--

30

1.0

45

--

45

1.0

F5

1:1

5.0

--

F6

1:3

5.0

--

5

5

1.0

15

15

1.0

F7

1:6

5.0

--

F8

1:9

5.0

--

30

30

1.0

45

45

1.0

Drug: Rosuvastatin, Solid lipid: Stearic acid and Compritol ATO 888, liquid lipid: Oleic acid, surfactant: Poloxamer 188

Table 2: Particle Size, Polydispersity Index, % Drug Content, % Entrapment Efficiency and
Zeta Potential of NLC Formulation F1 To F8
Formulation

Particle size*
(nm)

PDI*

Drug content*
(%)

Entrapment
efficiency*
(%)

F1

405.8±0.23

0.83±0.23

86.81±0.73

68.7±0.62

-27.6±0.44

F2

289.3±0.30

0.25±0.32

94.77±0.72

89.1±0.20

-43.28±1.62

F3

273.3±0.35

0.22±0.18

96.59±0.49

86.7±0.55

-50.6±0.46

F4

314.9±0.11

0.37±0.62

93.86±0.65

82.2±0.27

-34.5±0.9

F5

785.9±0.11

0.91±0.32

83.18±0.37

59.12±0.12

-20.5±1.5

F6

776.6±0.57

0.90±0.24

85.45±0.23

66.05±0.38

-32.4±0.4

F7

542.9±0.05

0.46±0.12

87.72±0.35

72.80±0.50

-31.65±0.55

F8

565.4±0.69

0.50±0.78

89.54±0.23

75.65±0.42

-25.1±1.7

Zeta potential
(mV)

Results are expressed as mean ±standard deviation (mean±SD) n=3

Table 3: Pharmacokinetic Parameter of Marketed Product and Optimized
Formulation F3
Cmax
(µg/ml)

Tmax
(h)

Marketed product

6.391

0.5

81.4

Optimized formulation (F3)

13.839

8

165.16

Formulation

Stability study

The stability studies were conducted according to
ICH guidelines.14 The stability of optimized formulation F3 was determined by keeping the formulation at
25ºC ± 2ºC/65% RH and 4ºC ± 2ºC/65% RH. The
samples were tested after 15th and 30th day for % entrapment efficiency and in vitro drug release.
In vivo study

Ethical clearance was obtained from the Institutional
Animal Ethics Committee (Resolution No: KLECOP/
IAEC/Res.22-10/10/2015) prior to the beginning of
animal study.
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AUC0-t
(µg/ml. h)

Six healthy male wistar rats weighing 180-200 g were
obtained and divided into 2 groups each group containing
three rats.15,16 Group1 received marketed product in
normal saline through oral route while Group 2 received
NLC formulation F3 in normal saline. After 0.5, 2.0,
4.0, 6.0, 8.0, 10.0, 12.0 and 24.0 h, 0.5 ml blood was
collected from eye by retro-orbital puncture into eppendorf tube containing 10 µl of EDTA and centrifuged at
5000 rpm for 20 mins, Supernant plasma was collected,
and acetonitrile was added for precipitating the plasma
proteins and vortexed for 1 min and centrifuged at 5000
rpm for 15 min. Supernant solution was collected and
filtered through 0.45 µm membrane into clean vials and
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analyzed through HPLC. The pharmacokinetic parameters were calculated by applying trapezoidal method.
The HPLC method was validated before carrying the
analysis of the drug. The HPLC system composed of
Thermo hypersil C18 column 250×4.6 mm, 5µm diameter
was used for separation. The mobile phase containing
0.1% Disodium hydrogen phosphate and Acetonitrile
in the ratio of 50:50(v/v) was delivered at a flow rate of
0.7 ml/min and the elution was monitored at 240 nm.
Injection volume was 20 µl and pressure of 52 kg/cm2.
RESULTS AND DISCUSSION
The present study was focused to develop Nano structured Lipid carrier formulations. Preliminary studies
were performed to optimize the concentrations of lipid
carriers stearic, Compritol ATO 888, Oleic acid and
surfactant Poloxamer 188. The NLCs formulations F1
to F8 were successfully prepared using the lipid carriers,
surfactant and drug proportions by high shear homo
genisation and ultra sonication method as shown in
Table 1 and Figure 1 respectively. All the formulations
were subjected for evaluation.
Particle size and Poly dispersity index

Particle size data for the Nano structured lipid carrier
of Rosuvastatin using stearic acid and Compritol ATO
888 in combination with Oleic acid are shown in Table
2. The particle size of formulation F1 to F4 is in the
range of 273.26 nm to 405.8 nm containing drug: lipid
ratio from 1:1 to 1:4 of stearic acid as a solid lipid.
Formulation F5 to F8 was having particle size in the
range of 542.9 nm to 785.9 nm containing drug: lipid
ratio from 1:1 to 1:4 of Compritol ATO 888 as a solid
lipid. The optimum concentration of drug: lipid ratio
was found to be 1:3; further increase in concentration
of lipid ratio there is increase in particle size. Stearic acid
was found to be optimum lipid for NLC preparation
compared with Compritol due to maximum solubility
of Rosuvastatin in stearic acid. The mean particle size
of NLC F3 was observed to be 273.3 nm with least
particle size compared with other formulations. The
mean Poly dispersity index value of drug loaded NLC
formulations F1 to F8 varied in the range of 0.22 to
0.91 as shown in Table 2.
Drug content

Drug content for formulation F1 to F4 with stearic acid
& Oleic acid were found to be in the range of 86.81%
to 96.59%, while formulations F5 to F8 with Compritol
ATO 888 & Oleic acid were found to be in the range of

83.18% to 89.54% as shown in Table 2. Formulation F3
with stearic acid as solid lipid showed maximum drug
content 96.59%.
Percentage entrapment efficiency

NLC formulation F1 to F4 showed percent encapsulation efficiency of 68.7% to 89.2%. Encapsulation
efficiency increased with increase in the concentration
of solid lipid up to 30 mg further there was decrease
in the entrapment efficiency with increase in solid lipid
concentration at 45 mg. NLC formulation F5 to F8
showed percent encapsulation efficiency of 59.12% to
75.6% for concentration of lipids 5 to 45 mg respectively, corresponding with increase in the concentration
of lipid the % entrapment efficiency also increased.
Zeta potential

Zeta potential for formulations F1 to F8 was between
-20.5 to -50.6 mv. Formulation F3 showed zeta potential
of -50.6 mv which indicate optimum for better stability.
Further formulation F3 was selected as optimized
formulation based on the mean particle size of 213.26 nm,
poly dispersity index of 0.22, and entrapment efficiency
of 89.1% and zeta potential of 50.6. Further formulation F3 was subjected for TEM studies, stability study
and In-vivo studies.
In vitro release study

The In-vitro release of formulation F1 to F4 at the end
of 12 hrs was found to be in range 67.65% to 76.22% as
shown Figure 2 and for formulation F5-F8 was found
to be in range 61.16% to 67.36% as shown Figure 3.
It was observed that F3 having smallest mean particle size
273.3 nm showed maximum release at the end of 12 hrs.
It was observed that as the particle size increased, the
release rate decreased. In vitro release profile of pure
drug showed the drug release within 4hrs, whereas
the optimized formulation F3 showed drug release of
76.22% upto 12th h which indicates prolonging the
drug release of nano formulation as shown in Figure 2.
TEM images of the optimized formulation F3 showed
that the formulations were in nano size range as shown
in Figure 4. Stability study showed no significant change
observed in the % entrapment efficiency and in-vitro
drug release as conducted at an interval of 10 days for 1
month at 4 ± 2º/ 65% RH.
In vivo study

The study was carried out on male Wistar rats to compare
plasma concentration of optimized formulation F3
with that of Marketed product given orally with normal
saline. Marketed product showed AUC0-t of 81.4 µg/ml.
hr whereas optimized formulation F3 showed 165.16
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µg/ml.hr as shown in Table 3. Rosuvastatin loaded
Nano structured lipid carrier were able to improve
bioavailability with 2 folds as compared to marketed
product and able to provide sustained release of drug
for prolong period of time as shown in Figure 5.
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SUMMARY
• The NLCs formulations F1 to F8 were successfully prepared, the mean particle size of NLC F3 was observed
to be 273.3 nm with least particle size compared with other formulations. The mean Polydispersity index
value of drug loaded NLC formulations F1 to F8 varied in the range of 0.22 to 0.91. Drug content for Formulation F3 with stearic acid as solid lipid showed maximum drug content 96.59%.
• NLC formulation F1 to F4 showed percent encapsulation efficiency of 68.7% to 89.2%. Encapsulation efficiency increased with increase in the concentration of solid lipid up to 30mg further there was decrease in the
entrapment efficiency with increase in solid lipid concentration at 45 mg. NLC formulation F5 to F8 showed
percent encapsulation efficiency of 59.12% to 75.6% for concentration of lipids 5 to 45mg respectively,
corresponding with increase in the concentration of lipid the % entrapment efficiency also increased. Zeta
potential for Formulation F3 showed zeta potential of -50.6mv which indicate optimum for better stability.
• In vitro release profile of pure drug showed the drug release within 4hrs, whereas the optimized formulation
F3 showed drug release of 76.22% upto 12th h which indicates prolonging the drug release of nano formulation. TEM images of the optimized formulation F3 showed that the formulations were in nano size range.
• In vivo study showed AUC0-t of 81.4 µg/ml.hr for marketed formulation whereas optimized formulation F3
showed 165.16 µg/ml.hr, improving bioavailability with two folds as compared to marketed product and able
to provide sustained release of drug for prolong period of time.
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HPTLC Method Development and Validation of
Antidiabetic Marker Compound from Polyherbal
Formulation
Shrikrishna Madhukar Nandanwadkar*, Vinayak Shivamurthi Mastiholimath, Soniya Ramdas Surlaker
KLE’U College Of Pharmacy, Belagavi, Karnataka Nehru Nagar 590010, INDIA.

ABSTRACT
The objective of this research work was to develop a simple, rapid and reliable HPTLC
method for standardization of anti-diabetic polyherbal formulation and to carry out
validation of Trigonelline in formulation. Development of method was carried out by using
Quercetin, Gallic Acid, Curcumin and Trigonelline as bioactive markers reported to have
an anti-diabetic activity. Chromatographic analysis was performed using silica gel 60
F254 TLC plate, CAMAG Linomat 5 applicator and solvent system consisting of Isopropyl
Alcohol: Ammonia: Acetone in the ratio 1:1:1. Densitometry scanning was performed
under reflectance absorbance mode at 254 nm and 366 nm to identify the spots. Rf value
of the marker compounds Quercetin, Gallic Acid, Curcumin and Trigonelline was found
to be 0.66, 0.42, 0.81 and 0.34 respectively. Validation of Trigonelline was carried
out in formulation as per ICH guidelines in terms of Linearity, Precision, Repeatability,
Specificity, Robustness, LOD, LOQ and Accuracy. No analytical method has been
reported so far associated with a polyherbal formulation containing Quercetin, Gallic
acid, Curcumin and Trigonelline focusing on anti diabetic activity. Thus this method
can be used for routine quality control of raw material as well as formulation containing
Trigonelline as one of its component.
Key words: Polyherbal formulation, Marker Compounds, HPTLC Method development,
Validation.

INTRODUCTION
Diabetes mellitus is a chronic metabolic
disorder which results in disturbances of
carbohydrate, protein and lipid metabolism
due to either a lack of insulin secretion (type
1) or increased cellular resistance to insulin
(type 2). Type 2 diabetes mellitus is one
of the world’s most common chronic
diseases associated with changing lifestyles
and characterized by hyperglycemia, peripheral
resistance to the insulin action, and eventual
destruction of insulin producing- β cells.1
High blood glucose promotes insulin release
from the – β cells of the islets. Insulin stimulates the uptake of glucose from the blood
by different tissues such as muscle, kidney
and adipose, promotes the storage of glucose

in the liver as glycogen, and inhibits lipolysis
in adipose tissue. The resulting depletion
of blood glucose by the action of insulin
in turn promotes the secretion of glucagon
from the – β cells in the pancreatic islets,
which stimulates glycolysis in the liver and
release of glucose back into the blood.2 It
is one of the refractory diseases identified
by Indian Council of Medical Research for
which an alternative medicine is a need for
the treatment.3
Medications which are currently available in
modern therapies for diabetis include various
oral anti hypoglycemics like sulfonylureas,
biguanides, α-glucosidase inhibitors and
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glinides but they produce several disadvantages like
weight gain, hepatotoxicity, metabolic acidosis, gastrointestinal problems and also these products are not
easily accessible and affordable as they are expensive in
developing countries. Because of these disadvantages
with the available treatments, there is a need for more
safe and more effective approaches. Therefore the present study was based on Polyherbal formulation whose
major ingredients include Emblica Officinalis, Curcuma
Longa and Trigonella foenum graceum.
In Ayurveda, drug formulation based on use of more
than one drugs, to achieve extra therapeutic effectiveness, is known as polypharmacy or polyherbalism.
Effectiveness, safety, cheap, ubiquity and better
acceptance has made Polyherbal formulations an ideal
treatment of choice, ensuring higher compliance by the
patients and excellent therapeutic effect.4
Emblica Officinalis fruit delays the glucose entry in the
blood by interfering with absorbtion of glucose in the
gut. Thus, sudden spike in blood glucose levels post
meal is prevented. Studies on some of its important
constituents (including gallic acid, gallotanin, ellagic
acid and corilagin), have shown to possess anti-diabetic
effects through their antioxidant and free radical
scavenging properties. It regulates carbohydrate metabolism, to help the body to respond well to insulin,
thereby reducing the blood sugar level.5 A study conducted on streptozocin-induced diabetic rats concluded
that quercetin, a flavonoid with antioxidant properties
brings about the regeneration of the pancreatic islets
and increases insulin release in streptozocin-induced
diabetic rats; thus exerting its beneficial antidiabetic
effects. However, it may be of little value in normoglycemic animals.6 Emblica Officinalis may be used as a
supportive therapy for diabetics as, being the polyphenols
and a mixture of phytochemicals it can act as a hypolipi
demic agent reducing the risk of cardiovascular complications in diabetics.7 Curcuma Longa and curcumin (active
ingredient of Curcuma Longa) aid in preventing and
delaying the progression of pathology of Type-2 DM
and improve the β-cell functions of pancreas (indicated
by an increased HOMA- b and reduced C-peptide).
Adiponectin levels are significantly increased by intervention of curcumin. {Adiponectin – anti-inflammatory
cytokine, known to play a positive role in Type-2 DM.
Higher the adiponectin, lower the risk of Type-2 DM}.8
Curcuminoids are proved to be effective in maintaining
the activities of antioxidant enzymes like superoxide
dismutase, catalase and glutathione peroxidase at higher
levels thereby lowering lipid peroxidation. Curcuma longa
posseses antioxidant properties due to presence of
curcumin and its three derivatives (demethoxy curcumin,
658

bisdemethoxy curcumin and diacetyl curcumin) in
it. Emblica officinalis in combination with curcuma longa,
shows significant hypolipidemic activity, it is effective
in the long term treatment of diabetes.9 Trigonella foenum
graceum seeds being high in soluble fibre, lowers blood
sugar by slowing down digestion and absorption of
carbohydrates. Several clinical trials showed that these
seeds can improve most metabolic symptoms associated with both Type 1 and Type 2 diabetes in humans
by lowering blood glucose levels and improving glucose
tolerance.10 Trigonelline is an important bioactive
marker, alkaloid in nature and mainly found in Trigonella
foenum graceum seeds with estrogenic, anti-diabetic, and
anti-invasive properties.11 Its administration to alloxaninduced diabetic rats in a study helped to protect β-cells
from death and damage and also decreased blood
glucose, cholesterol, and TGs in diabetic rats.12
Herbal medicines are composed of products from
natural origin like plant materials, parts of plant or in
combination so they are likely to suffer from quality
control issues such as undetected adulteration, substitution, contamination, shortcuts during manufacturing
process, batch to batch and composition variation. Many
other conditions including habitat, season in which
it grows, harvesting conditions, method of storage,
environmental hazards and pharmaceutical processing
makes it difficult to standardise a finished product of
reproducible quality. This creates a challenge in establishing quality control standards and the standardization of finished herbal products but modern analytical
techniques are expected to help in circumventing this
problem.4
HPTLC is a modern adaptation (Semi-automatic) of
conventional TLC with advanced separation efficiency
and detection limits. In the recent years, advancement
of chromatography and spectral fingerprints plays an
important role in the quality control of complex herbal
medicines. Chemical fingerprints obtained by chroma
tographic techniques are strongly recommended for the
purpose of quality control of herbal medicines, since
they might represent appropriately the chemical integrities
of the herbal medicines and its products and therefore
be used for authentication and identification of herbal
plant. HPTLC is more efficient, faster method and the
results are more reliable and reproducible. In combination
with digital scanning profiling, HPTLC also provides
accurate and precise Rf values. It provides a record
of the separation in the form of chromatograms with
fractions represented as peaks with defined parameters
including absorbance (intensity), Rf, height and area.13
It also shows advantages of low operating cost, high
sample throughput and need for minimum sample
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clean-up, simultaneous application of several samples
using small quantity of mobile phase and repeated
detection of the chromatogram with the same or different
parameters possible.14
Therefore an effort was made through this research
work to develop a suitable chromatographic analytical
method like HPTLC using marker compounds such
as Quercetin ,Gallic acid, Curcumin and Trigonelline
which are well reported to have anti diabetic activity
and standardised the Polyherbal formulation which was
developed in our institute.
MATERIAL AND METHODS
Instrumentation

HPTLC Camag Linomat V applicator, Camag twin
trough TLC chamber, Camag TLC Visualiser, Camag
winCATS Software and Hamilton syringe (100 µl)
Standards and Chemical/Reagents

All chemicals and reagents including Methanol, Isopropyl
Alcohol, Ammonia, Acetone, were of E-Merck and
of analytical grade. Standard Quercetin and Gallic acid
was procured as gift sample from Fluka Germany and
Loba Chemie Pvt, Ltd respectively .Curcumin was
procured from Himalaya Pvt Ltd Banglore and Trigonelline Hydrochloride was purchased from Natural
remedies manufacturing company Banglore.
Preparation of Standard Solution for identification/
chromatographic fingerprinting

Solution of all the marker compounds i.e Quercetin,
Gallic Acid and Trigonelline hydrochloride was prepared
by dissolving 10 mg in 10 ml of IPA (1000 μg/ml). This
stock solution was used to make calibration curves of
the respective markers. From the stock solution a
concentration of 1 µg/ml was prepared and was used
for further analysis.
Solution of marker compounds i.e Curcumin was
prepared by dissolving 1 mg in 50 ml of IPA (20 μg/ml).
This stock solution was used to make calibration curves
of the respective marker. From the stock solution a
concentration of 1 µg/ml was prepared and was used
for further analysis. (Figure 1,2,3,4,5)
Preparation of sample (Tablet formulation)

Five tablets were weighed and the average weight of the
tablets was determined. Three tablets were crushed and
a equivalent of average weight of powder was weighed
and transferred in 50 ml volumetric flask. About 20 ml
of diluent IPA was added and kept for sonication
(15 min) and the volume was made up with diluent upto
50 ml. Sample was filtered through watmann filter paper.

5ml of this solution was transferred in 10ml volumetric
flask and volume was made up with diluents
Chromatography

Chromatography was performed on 20 x 10 cm
aluminium backed silica gel 60 F254 HPTLC plates
(Merck, Darmstadt,Germany). Before use, the plates
were washed with methanol and dried in an oven at
50ºC for 5 min. Samples were applied as 8mm bands by
means of Camag Linomat V sample applicator equipped
with a 100 µl syringe (Hamilton,USA),the distance
between the bands was 20 mm. Ascending development
of the plate, migration distance 80mm,was performed
at 25 ± 2ºC with Isopropyl Alcohol:Ammonia: Acetone
(1:1:1 v/v/v) as mobile phase in a Camag twin-trough
chamber previously saturated for 15 min. The average
development time was 20 min. Densitometric scanning
was then performed with a Camag TLC scanner 4
equipped with winCATS Software at 265 nm; the slit
dimensions were 6.00 x 0.45 mm.
RESULTS AND DISCUSSION
Optimised mobile phase

The optimised solvent system comprising of Isopropyl
Alcohol: Ammonia; Acetone in the ratio 1:1:1 helped
in achieving very compact spots at the Rf of 0.66, 0.42,
0.81 and 0.34 for Quercetin, Gallic Acid, Curcumin and
Trigonelline Hydrochloride respectively.
Preparation of Standard Stock Solution

Accurately weighed 10 mg of standard Trigonelline
Hydrochloride was dissolved in 10 ml of IPA in volumetric flask to make up the volume and solution was
sonicated for 10 mins in sonicator to obtain 1 mg/ml
solution (1000 µg/ml).
Wavelength determination

The standard solution of Trigonelline Hydrochloride
was scanned in the range of 190-400 nm against mobile
phase as a blank. Trigonelline Hydrochloride showed
maximum absorbance at 265 nm and 269 nm. So the
wavelength selected for the determination of Trigonelline Hydrochloride was 265 nm as it was confirmed by
certificate of analysis. (Figure 6)
Validation of Trigonelline Hydrochloride
Linearity

To evaluate the linearity, a concentration range of 0.2,
0.4, 0.6, 0.8, 1, 1.2 µg/ml was applied on the prewashed
TLC plates(n=6) from the stock solutions of 1mg/ml
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by diluting with the diluent to obtain final concentration
of 200-1200 ng/spot. The plates were developed, dried
and scanned as described above. The calibration curve
was constructed by plotting the mean peak area (Y-axis)
against the concentration (ng/spot) (X-axis) of Trigonelline Hydrochloride. The calibration plot showed the
correlation coefficient (r2=0.9970) and the equation
113.4+4.781* X ( Table 1, Figure 7,8,9,10)
Sensitivity

The sensitivity of measurement of trigonelline hydrochloride by the use of proposed method was estimated
in terms of Limit of detection (LOD) and Limit of
Quantification (LOQ). LOD and LOQ was determined
by standard deviation method. The LOD and LOQ for
trigonelline hydrochloride were 795.13 ng and 2385.39
ng respectively. (Figure 11,12)
Accuracy

Accuracy was performed in triplicate by spiking the
pure drugs of the standard concentration of trigonelline
hydrochloride (1 mg/ml) with the formulation at three
different levels (80,100,120 %) and comparing the area’s
obtained with those of the formulation and standard
applied separately at the same level (80,100,120%).
When these solutions were analyzed the recoveries were
found to be within acceptable limits. (Table 4).
Specificity

The specificity of the method was ascertained by
analyzsing standard drug and sample. The spot for
Table 1: Results for Linearity, LOD and LOQ
Parameters

Trigonelline Hydrochloride

Linearity range

200-1200 ng/spot

Correlation Coefficient

0.99704

Equation

Y= 113.4+4.781* X

Sdv

4.46

LOD

0.2 µg/spot

LOQ

0.6 µg/spot

The precision of the analytical method was studied by
analysis of multiple sampling of homogenous sample.
The precision is expressed as standard deviation or
relative standard deviation. The precision of this
method was demonstrated by intra-day and inter-day
variation studies. Intra-day precision was determined in
4 replicates of the standard solutions at a concentration
level of 0.6 µg/spot for Trigonelline hydrochloride
carried out twice on the same day. The results of repeatability were expressed in terms of relative standard
deviation (% RSD).Inter-day precision was done by
repeating the same procedure but carried out on two
different days(Table 2, Table 3).
Robustness

The robustness of an analytical procedure is a measure
of its capacity to remain unaffected by small, but deliberate variation in method parameters and provides an
indication of its reliability during normal usage. The
robustness of a method is evaluated by varying the
mobile phase and determining the effect (if any) on
the results of the method. No significant change were
found in Rf after slight modifications in sample prepaTable 2: Results of Intra-day precision studies of
Trigonelline Hydrochloride

Mean peak
area (n=4)

%
RSD

600

3523.674

1.58

Mean peak
area
(n=4)

% RSD

2

Conc (ng/
spot)

Mean peak
area (n=4)

% RSD

Mean
peak area
(n=4)

% RSD

600

3523.674

1.58

3472.65

1.41

Average

3498.16

% RSD

0.76

Table 4: Percentage recovery of Trigonelline Hydrochloride at three levels
% Level

AUC for
formulation and
standard applied
on different spots

AUC for
formulation
and standard
applied on
same spot

%
Recovered

Day 2

Conc (ng/
spot)

660

Precision

1

Table 3: Results of Inter-day precision studies of
Trigonelline Hydrochloride
Day 1

trigonelline hydrochloride in sample was confirmed by
comparing the Rf and spectra of the spot with that of
standard. The peak purity of trigonelline hydrochloride
was assessed by comparing the spectra at three different
levels, i.e peak start, peak apex and peak end position
of the spot.

3207.75

1.99

80

5188

5228

100.9

Average

3365.712

100

6248

6478

105

% RSD

3.22

120

7277

7361

109.6
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Figure 1: Fingerprinting profile of formulation with standards
at 254 nm on 20x10 TLC plate.

Figure 4: 3D chromatogram for formulation with standard
compounds.

Figure 2: Fingerprinting profile of formulation with standards
at 366 nm on 20x10 TLC plate.

Figure 5: 3D chromatogram for formulation with standard
compounds.

Figure 3: Chromatogram for formulation showing presence of
all standards in formulation.

Figure 6: Chromatogram for standard trigonelline hydrochloride.
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Figure 7: Image documentation of Trigonelline Hydrochloride
with formulation at 254 nm.

Figure 10: HPTLC spectrums of Trigonelline Hydrochloride at
different concentrations.

Figure 8: HPTLC linearity profile of trigonelline hydrochloride.

Figure 11: Limit of Detection Profile of Trigonelline Hydrochloride.

Figure 9: Spectral confirmation of trigonelline hydrochloride
on all tracks.

Figure 12: Limit of Quantification Profile of Trigonelline Hydrochloride.
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ration, solvent composition, spots/band alignments,
separation, evaluation and solvent front. Thus the method
developed and validated was found to be robust.

2.

CONCLUSION

4.

Susanj Z. Type 2 Diabetes and Glycemic Response to Grapes or Grape
Products. J Nutr. 2009;139(9):17945-18005.
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Pal SR, Wal P, Pal Y, Sachan S, Kumar D, Tiwari S. A review article on:
The usage of herbal medicines in the treatment of diabetes. EJPMR.
2016;3(6):201-4.

From the present study, it is concluded that the proposed
method, the HPTLC method developed is a newer technique for simultaneous fingerprinting of markers such
as Quercetin, Gallic acid, Curcumin and Trigonelline
from polyherbal formulation containing Amla, Haldi
and Methi as the results are visible as well as method is
linear,specific, reproducible, rugged, robust, precise and
cost effective when compared with HPLC and other
chromatographic methods. Results of validation parameters conclude that the analytical method is suitable for
its universal use.
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ABBREVIATIONS USED
HPTLC: High Performance Thin Layer Chromatography; TLC: Thin Layer Chromatography; ICH: International Conference on Harmonisation; LOD: Limit of
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HOMA-b: Hemostatic Model Assesment of beta-cells;
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Deviation; AUC: Area Under Curve; IPA: Isopropyl
Alcohol.
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SUMMARY
• Diabetes Mellitus is the world’s largest endocrine disease involving metabolic disorder of carbohydrate,
fat and protein. According to the WHO projections, the prevalence of diabetes is likely to increase by
35%. Therefore an effort was made to develop HPTLC method for polyherbal formulation containing Amla
(Emblica Officinalis), Haldi (Curcuma Longa) and Methi (Trigonella foenum graceum) which are known to
posses anti-diabetic activity as per literatue review.
• The HPTLC procedure was optimized by carrying out many trials, but best elution, followed by tank saturation of 15 min with 10 min plate equilibrium, was selected as optimized solvent system which comprised of
Isopropyl Alcohol: Ammonia: Acetone in the ratio 1:1:1(v/v/v).
• Chromatographic fingerprinting with marker compounds such as Quercetin, Gallic Acid, Curcumin and Trigonelline Hydrochloride showed good resolution at Rf of 0.66, 0.42, 0.81 and 0.34 respectively.
• Validation was carried as per ICH guidelines for Trigonelline Hydrochloride with same solvent system in ratio
of 1:1:1 and 265 nm was taken as the optimised scanning wavelength.
• The linearity range was found to be between 200-1200 ng/spot. Calibration curve was described by the
equation Y=113.4 + 4.781 * X with r2=0.9970.
• LOD and LOQ were found to be 0.2µg/spot and 0.6 µg/spot, respectively.

Indian Journal of Pharmaceutical Education and Research | Vol 50 | Issue 4 | Oct-Dec, 2016

663

Nandanwadkar et al: HPTLC method for estimation of Trigonelline HCl

• The recovery at 80 %, 100 %, 120 % were found to be 100.9,105, 109.6 .This limits indicated method
proposed was accurate.
• Precision studies on the intra-day and inter-day variation were carried out. The low % RSD indicated the
method was precise for the analysis.
• Robustness of the method was obtained by small deliberate changes in mobile phase composition and
volume, saturation time, Rf and solvent front.
• Thus the above results, from experimental work, showed that an effective HPTLC optimized method
was successfully developed and validated with validation parameters.
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ABSTRACT

KEYWORDS

The present study aims to synthesize gold nanoparticles (GNPs) by green method using Pterocarpus
marsupium and to study the effect of various parameters like stirring, pH, and temperature on morphology and
stability of GNPs. The study was further extended to evaluate the role of antioxidants in the green synthesis of
GNPs. Formation of GNPs was confirmed by visual color change from colorless to wine red and UV-Visible
spectrophotometry. Particle size was found to be in the range of 72–85 nm. There was no significant difference
in the size and shape of GNPs prepared by different conditions; however, difference in zeta potential
suggested difference in stability. GNPs prepared by heating (40°C) were comparatively more stable than GNPs
synthesized at different conditions. Fourier-transform infrared spectroscopy suggests the presence of
flavonoids and polyphenols. X-ray diffraction studies revealed the crystalline nature of GNPs, while
transmission electron microscopy studies suggested mixed morphology of GNPs. In vitro stability studies
revealed that GNPs were stable in all conditions except at lower pH and 5% NaCl solution. Synthesized GNPs
were found biocompatible in nature. This ecofriendly method for the synthesis of GNPs is rapid and easy which
yields stable and biocompatible GNPs which could be used for many biomedical applications.

Biocompatibility; gold
nanoparticles; green
synthesis; heating;
Pterocarpus marsupium

Introduction
Synthesis of gold nanoparticles (GNPs) has emerged as
an important area of research owing to their widespread
biomedical applications. GNPs exhibit unique chemical and
physical properties for loading and acting as a carrier for
transporting the pharmaceuticals to targeted sites. GNPs are
chemically inert, nontoxic in nature, and easily synthesized
and have functional or charged surface, which make them
useful for many biomedical applications like tissue or tumor
imaging and photothermal therapy. Moreover, GNPs are
biocompatible and bind readily with large biomolecules
such as proteins, enzymes, DNA, amino acids, etc. which is
helpful for drug targeting and delivery (Leonard et al. 2011,
Vijayakumar et al. 2011)
GNPs are prepared by treating gold salt with reducing
agents. Different methods described by Turkevic, Brust, and
Perrault used synthetic reducing agents for the preparation
of GNPs, but most of these methods are extremely expensive
and also involve the use of toxic, hazardous chemicals, which
may pose potential biological and environmental risks as they
generate a large amount of hazardous byproducts (Aromal,
Vidhu, and Philip 2012, Mafune et al. 2002, Wang, Cai, and
Zhang 2008). Hence, there is an increasing need to develop
high-yielding, cost-effective, nontoxic, and environmental
friendly process for preparation of GNPs. Thus, “Green
Chemistry” that uses plant extracts could be an alternative to
synthetic method for the production of GNPs. Literature
reveals that the extracts of coriander leaves (Narayanan and
Sakthivel 2008), guava leaves (Raghunandan et al. 2009),

mango leaves (Philip 2010), beet pulp (Castro et al. 2010),
olive leaves (Khalil, Ismail, and El-Magdoub 2012), neem
leaves (Shankar et al. 2004), tamarind leaves (Ankamwar,
Chaudhary, and Sastry 2005), etc. have been successfully used
for preparation of GNPs.
Pterocarpus marsupium (PM), commonly known as Indian
kino tree, is widely available through India, Sri Lanka, and
Nepal. In India, it is widely distributed along the Western
Ghats in Karnataka–Kerala region, in the states of Gujarat,
Orissa, Madhya Pradesh, and Bihar. It is widely used as an
antidiabetic, hepatoprotective, anti-inflammatory, antiulcer,
antimicrobial, cardio tonic, and antioxidant. These widespread
uses of PM are because of the presence of phytochemicals like
flavonoids, tannins, carbohydrates, polyphenols, and proteins
(Gairola et al. 2010). These chemical constituents act as powerful antioxidants and can be used as a green source for largescale, easy, and ecofriendly production of GNPs.
Literature suggests that the synthesis of GNPs from different plant extracts yields GNPs having different morphology
and stability characteristics. However, there are no reports of
synthesis of GNPs using the extract of heartwood of PM.
Hence, in the present study, we aim to prepare GNPs from
the extract of PM and study the effect of various parameters
like stirring, pH, and temperature on morphology and stability
behavior of GNPs. The study was further extended to evaluate
the role of antioxidants like flavonoids and polyphenols in the
green synthesis of GNPs. Biocompatibility characteristics of
PM-mediated synthesized GNPs was evaluated by using
mouse fibroblasts cell lines.
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Materials and methods
PM heart wood was collected from Belgaum region of Western
Ghats and authenticated from Regional Medical Research
Centre, Indian Council of Medical Research, Belgaum-10,
Karnataka, India (Specimen number: RMRC-922). Gold (III)
chloride hydrate (99.99% metal basis) was purchased from
Sigma Aldrich, Pune, Maharashtra, India.
Synthesis of gold nanoparticles (GNPs)
Plant extract was prepared by boiling 10 g of dried plant
material with 100 ml of deionized water for 10 min and
filtered. GNPs were prepared by the addition of aqueous plant
extract to 0.5 mM gold chloride solution. Different volume
ratios of gold chloride to plant extracts like 10:1, 10:2, and
10:3 were screened for the synthesis of GNPs. Visual color
change followed by UV-Visible spectroscopy was used to confirm the synthesis of GNPs. Synthesized GNPs were separated
from the mixture using high-speed refrigerated centrifuge
(Kubota 6500, Japan) at 17,000 rpm, 4°C for 20 min. Settled
pellets (GNPs) were collected and resuspended in deionized
water and centrifuged again. The similar procedure was
repeated for three times to remove the unwanted extraneous
matter and excess of coating agent. UV-Visible spectrum of
synthesized GNPs and supernatant remaining after centrifuge
was recorded to confirm the purity of synthesized GNPs.
Effect of process parameters like stirring, heating, and different
pH conditions (acidic, neutral, and alkaline) was also studied
using gold chloride and plant extract (10:1) ratio.
Estimation of in vitro antioxidant activity
To determine the quantitative role of antioxidants in the
synthesis of GNPs, in vitro antioxidant assays were performed
by using total flavonoid content (TFC), total antioxidant
capacity (TAC), and total phenolic content (TPC). TAC
of the plant extracts was determined by phosphomolybdate
method and was expressed in terms of ascorbic acid equivalent
(ACE)/g of dry extract. TPC was determined by using Folin
Ciocalteu reagent. It was expressed in terms of gallic acid
equivalent (GAE)/g of dry extract (Singh, Negi, and Radha
2013). TFC was performed according to the aluminum
chloride colorimetric method described by Chang et al. with
minor modifications and expressed in terms of quercetin
equivalent (QE)/g of dry extract Moyo et al. (2012)
Characterization of GNPs
The GNPs synthesized by all three conditions were characterized
for its surface plasmon resonance (SPR), size, shape, and charge.
Dynamic light scattering (DLS) (Malvern zetasizer) was used to
study the particle size, particle size distribution, polydispersibility index (PDI), and zeta potential of colloidal dispersion of
GNPs. Fourier-transform infrared spectroscopy (FTIR) spectra
of lyophilized GNPs were recorded by using a KBr pellet method
using Shimadzu FTIR. X-ray diffraction (XRD) data of GNPs
were obtained by using Philips PRO expert diffractometer. Data
were recorded at room temperature using nickel-filtered Cu Kα
radiations which was operated at 40 kV voltage, 30 mA current,

and 7–70° range. For SEM-EDAX (scanning electron
microscopy–energy-dispersive X-ray spectroscopy) analyses,
samples were scanned using FEI SEM Quanta 200 equipped with
EDAX system. A drop of GNP colloidal dispersion was deposited
on carbon grid and dried under low vacuum (10–130 Pa)
and 20 Kev voltage. Initially, the sample was scanned at
magnification of 3000�. The spot was fixed and was analyzed
by the EDAX system to confirm the presence of gold. After
confirmation, scanning was done at a magnification of 6000�
and 12,000�. Atomic force microscopy (Nanosurf, Liestal,
Switzerland) images were collected under room temperature
condition using a scanning probe microscope in non-contact
mode with silicon nitride cantilevers. Morphology was finally
confirmed by using transmission electron microscopy (TEM)
Hitachi (H-7500) 120 kV equipped with CCD camera where
colloidal dispersion of GNPs was deposited on a carbon-coated
copper grid and scanned for obtaining images.
Biocompatibility studies
In vitro stability studies of GNPs
In vitro stability studies were performed by adding 1 ml of
GNP solutions to 0.5 ml each containing 0.2 M cysteine, 0.2 M
histidine, 2% bovine serum albumin (BSA), 2% human serum
albumin (HSA), 5% NaCl, phosphate buffer pH 2, 5, 7, 10, and
12. These solutions were incubated for 30 min at room temperature, and aliquots of samples were analyzed after 30 min and
then at 24 h using UV-Visible spectroscopy (Katti et al. 2012).
Cytotoxicity evaluation of GNPs
Mouse fibroblast (L929) cell lines were seeded in the 96-well
plates at the densities of 1 � 104 cells/well/0.1 mL medium and
allowed to adhere by incubating for a period of 24 h at 37°C.
The cell count was determined using a haemocytometer.
The medium was discarded and replaced with fresh medium
(0.1 mL) containing different concentrations of GNPs (100, 50,
25, and 12.5%) followed by incubation at 37°C. Cytotoxicity
was evaluated at predetermined time intervals of 2, 4, 12, and
24 h. The medium in each well was discarded and 50 µL
of MTT solution (5 mg/ml in phosphate buffer saline) was
added to each well, and the plate was incubated at 37°C. On completion of 4 h, Dimethylsulfoxide (DMSO) (100 µL) was added to
each well to dissolve formed formazan crystals and absorbance
was recorded at 492 nm filter using ELISA plate reader Ankamwar (2005). The percent cell viability was calculated by using
the following formula:
Percent cell viability ¼

Absorbance of treated cells
� 100
Absorbance of untreated cells

Results and discussion
Synthesis of GNPs
Preliminary phytochemical studies of plant extract confirm the
presence of antioxidant principles like flavonoids, polyphenols,
proteins, tannins, and carbohydrates, which was used as
a green source for reducing gold chloride to yield GNPs. With
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GNPs was in the order, room temperature (5 min) > stirring
at room temperature (4 min) > heating at 40°C (2 min)
(Aromal, Vidhu, and Philip 2012). In different pH conditions
like acidic (pH 2), neutral (pH 7), and alkaline (pH 10), GNPs
were formed at neutral pH; however, there was no formation
of GNPs at acidic and alkaline pH (Figure 4). Similar results
were obtained by Ghodake et al. (2010) at neutral and acidic
pH, but results at alkaline pH were contradictory. According
to Ghodake et al. (2010), the alkaline condition appeared to
be efficient and high yielding for the generation of gold
nanoplates, where the reason was attributed to the presence
of alkaline-responsive phytochemicals present in the pear extract.
Estimation of in vitro antioxidant activity
Figure 1. Color changes after the formation of GNPs. (A) Aqueous solution of
gold chloride, (B) aqueous solution of extract, (C) gold chloride and plant extract,
and (D) purified GNPs.

the addition of plant extract to gold chloride solution, there
was a visual color change from colorless to a wine red, indicating the formation of GNPs in 5 min (Figure 1). Different volume ratios of gold chloride to plant extract were used for the
synthesis of GNPs, but a volume ratio 10:1 was used for
further characterization. Formation of GNPs was confirmed
by UV-Visible spectroscopy, which showed a characteristic
peak at 538 nm (Figure 2). UV-Visible peak was observed
due to application of electromagnetic field on GNPs, resulting
in simultaneous oscillation of free electrons leading to generation of SPR (Kumar et al. 2012, Narayanan and Sakthivel
2010). The UV-Visible spectrum of purified GNPs and the
supernatant remained after centrifuge shown in Figure 3
clarifies that all undesirable peaks (due to impurities) were
absent except the characteristic peak of GNPs. EDAX spectrum (Figure 3) of these purified GNPs shows peaks at 2.10
and 9.50, confirming the presence of pure metallic gold.
Process parameters like stirring and heating reduced the
time of reaction significantly. The time of the formation of

In vitro antioxidant activity was performed for plant extract
and supernatant remained after centrifugation of nanoparticles. Results suggest that TFC (µg/ml QE/g of dry extract)
was reduced from 624.9 � 13.45 to 10.7 � 2.59, TAC (µg/ml
of GAE/g of dry extract) was reduced from 7530.1 � 22.18 to
16.6 � 2.4, and TPC (µg/ml of GAE/g of dry extract) was
reduced from 244.2 � 3.82 to 4.93 � 1.05. Results suggest
that antioxidant potential (flavonoids and polyphenols) from
plant extract was decreased after the formation of GNPs.
Decrease in the antioxidant activity confirms that flavonoids,
polyphenols, and other antioxidants present in the plant
extract are responsible for reducing gold salt (Raghunandan
et al. 2009, Zhan et al. 2011).
Characterization of GNPs
GNPs prepared by all conditions showed SPR at 538 nm,
suggesting the presence of predominantly spherical GNPs
(Aromal, Vidhu, and Philip (2012)), which was further
confirmed by TEM (Figure 5). It is observed that GNPs were
successfully synthesized in all conditions, but GNPs synthesized by heating were better (consisting of mainly spherical
GNPs) than those synthesized at room temperature and

Figure 2. (A) Overlay UV-Visible spectra of all optimized conditions before centrifuge, (B) overlay UV-Visible spectra of all optimized conditions after centrifuge where
RT is the room temperature, PM is the Pterocarpus marsupium, HT is heating (40°C), ST is stirring AC is after centrifuge and SU is supernatant remained after centrifuge.
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Figure 3. SEM-EDAX spectra of gold nanoparticles prepared at (A) room temperature, (B) by stirring, and (C) by heating.

stirring (Figure 3). Comparatively, narrow UV-Visible
spectrum of GNPs synthesized by heating (40°C) suggests
the presence of predominantly spherical particles. According
to Aromal, Vidhu, and Philip (2010), heating (100°C) of gold
colloids leads to broadening of SPR band, indicating an
increase in particle size. This increase in particle size may be
due to overheating of gold colloids which might have caused
removal of coating agent, leading to aggregation of GNPs.
Moreover, proteins (present in the plant extract) which act

as a stabilizing agent for GNPs might be denaturized on
heating at a higher temperature, thereby causing instability
of gold colloid (Satyanarayana and Chakrapani 2013, Shukla
et al. 2008).
FTIR spectra showed the presence of peaks at 3277, 2966,
1618, 1662, 1274, 1259, and 1078 cm 1 (Figure 6). Peak at
3277 cm 1 represents –OH stretching vibrations which confirmed the presence of hydroxyl groups (carbohydrates, flavonoids, and polyphenols) onto GNPs. These hydroxyl groups

Figure 4. UV-Visible spectra showing the effect of pH [pH 2, 7, and 12], where PM is Pterocarpus marsupium and NT is neutral.
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Figure 5. TEM image of GNPs prepared (A) at room temperature, (B) by stirring, and (C) by heating.

generate the negative charge onto GNPs which is evident by
the negative zeta potential are responsible for stability of
GNPs. The peak at 2966 cm 1 represents –C–H stretching,
due to the presence of methyl, methoxy, and methylene group.
A peak at 1662, 1618 cm 1 represents the presence of –C=O
group of ketone and carboxylic acid, respectively, which may
be due to the presence of flavonoids, tannins, and terpenoids.
The peaks at 1274 and 1259 cm 1 show amide band of polypeptide and proteins. The peak at 1078 cm 1 confirms the
presence of amide group. This clearly shows that the freely
water-soluble flavonoids, polyphenols, proteins, and tannins
present in the aqueous extract of the plant would have been
involved in the catalytic reduction of Au3þ ions to Au0 nanoparticles and are adsorbed onto the surface of GNPs leading to
its stabilization.
Sharp XRD peaks (Figure 7) revealed the crystalline nature
of GNPs. The peaks are according to the Bragg's reflection
from (111), (002), and (022) planes of face center cubic (fcc)
crystal structure corresponding to the 2θ value of 38.18,

44.38, and 64.70. These are in line with the standard values
of JCPDS No.: 04-0784 for gold. The most intense peak
at (111) suggests the predominant orientation of GNPs
in that plane, which was confirmed by TEM (Vijayakumar
et al. 2011). Determination of particle size of GNPs is
the most important parameter as it determines its biomedical
application. Particle size can be determined by DLS, TEM,
scanning electron microscopy (SEM), and AFM.
DLS was used to estimate the size (hydrodynamic diameter)
of GNPs coated with the phytochemicals of PM. Coating
of these phytochemicals onto GNPs is expected to cause
substantial changes in the hydrodynamic diameter of synthesized GNPs. Hydrodynamic diameter of GNPs synthesized
at room temperature, heating, and stirring is as shown in
Table 1.
Zeta potential (measurement of charge) is an important
parameter which gives an estimate about the stability of colloidal dispersion. Stability of GNPs can be estimated by the
magnitude of zeta potential. This magnitude is the indicative
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Figure 6. FTIR spectra of GNPs prepared (A) at room temperature, (B) by stirring, and (C) by heating.

of the balance between the repulsive and attractive forces
between GNPs. Stability is directly proportional to the magnitude of repulsive forces and inversely proportional to the
attractive forces between GNPs. The negative zeta potential
of GNPs prepared at room temperature, stirring, and heating
is 19.13 � 0.2, 11.7 � 0.57, and 27.8 � 1.23, respectively,

which indicates that repulsive forces are present between
GNPs indicating the absence of aggregation.
SEM, TEM, and AFM were used to study the surface
morphology of GNPs—images are shown in Figures 3, 5,
and 8, respectively. From the figures, it can be seen that the
GNPs synthesized by heating are well dispersed when compared
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Figure 7. XRD spectra of gold nanoparticles prepared at different conditions.

Table 1. Comparative data for the synthesis of GNPs at different conditions.
Synthesis of GNPs using Pterocarpus marsupium
Conditions →
Room temperature
Characteristics ↓
Solvent used
Reaction temperature
Reaction time (in min)
Stability
Reproducibility
Biocompatibility
Ecocompatability
Hydrodynamic particle size (nm)
Poly dispersity index
Zeta potential

Deionized water
Room temperature
5.3 � 1.5
Stable
Reproducible
Suitable for in vivo experiments
No chemicals used
74.7 � 2.47
0.241 � 0.03
19.13 � 0.2

Stirring

Heating

Deionized water
Room temperature
4�1
Less stable
Reproducible
Not suitable for in vivo experiments
No chemicals used
86 � 1.9
0.291 � 0.05
11.7 � 0.57

Deionized water
40°c
2�1
Stable
Reproducible
Suitable for in vivo experiments
No chemicals used
71.2 � 1.82
0.293 � 0.09
27.8 � 1.23

Result values are expressed as mean � SD.

to the GNPs formed at room temperature and stirring. TEM
images of GNPs showed the predominance of spherical
morphology along with triangular, rhombic, hexagonal, and
decahedral GNPs (Figure 6).
Biocompatibility studies
In vitro stability studies of GNPs
In vitro stability studies indicate the capacity of GNPs to resist
any fluctuations in stability on exposure to any diluents or
blood components. Instability is indicated by the aggregation
of GNPs, leading to sedimentation. These stability studies will
be helpful in understanding the conditions in which GNPs can

be kept for long-term storage. Further, exposing the GNPs to
some of the blood components which mimic the in vivo conditions will give an idea about the use of GNPs for intravenous
administration. Therefore, GNPs prepared at room temperature, stirring, and heating were tested against 0.2 M cysteine,
0.2 M histidine, 2% BSA, 2% HSA, 5% NaCl, and phosphate
buffer pH 2, 5, 7, 10, and 12. It was observed from the SPR studies that the GNPs were stable in all conditions till 24 h except
in 5% NaCl solution (electrolytes) and acidic pH (2 and 5).
Generally, most of the intravenous drugs are administered
along with saline, but this stability studies suggest that saline
is not a good diluent for GNPs. Aggregation was also found
at pH 2 and pH 5, which suggested GNPs are unstable at acidic

Figure 8. AFM analysis showing three-dimensional images of GNPs prepared at (A) room temperature, (B) by stirring, and (C) by heating.
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Figure 9. Photograph of GNPs in stability studies and UV-Visible spectra showing stability studies of GNPs prepared by heating, where HT is heating, PM is
Pterocarpus marsupium, CYS is cysteine, BSA is bovine serum albumin, HIS is histidine, and HSA is human serum albumin.

pH; inversely, the GNPs were highly stable in alkaline pH
(Figure 9) Liu et al. (2006). UV-Visible spectrum of stability
studies shows that peaks obtained in stirring and at room temperature conditions were broad (results not shown), whereas
sharp and narrow peaks are observed for the GNPs prepared
by heating. This indicates that the GNPs prepared by heating
are more stable and uniformly dispersed with a predominantly
spherical morphology. These results were further supported by
the results of zeta potential (Table 1). The higher the magnitude of zeta potential for GNPs prepared by heating suggests
better stability, whereas lower magnitude of zeta potential
for GNPs prepared by stirring shows that the particles are less
stable having different morphologies. The lesser magnitude of
zeta potential prepared by stirring and poor in vitro stability
could be due to excess of stirring which might have removed
the coating material from GNPs, resulting in aggregation and
higher particle size.
Cytotoxicity evaluation of GNPs
The effect of the GNPs on cellular viability of mouse fibroblasts (L929 cell lines) was evaluated using MTT (methyl thiazolyl tetrazolium) assay. A cytotoxicity study of synthesized
GNPs was performed and evaluated after 2, 4, 8, 12, and
24 h. The cytotoxicity of samples was compared with control
(untreated) cells that were considered as 100% viable. It was
found that green synthesized GNPs were biocompatible and
non-cytotoxic even at higher concentrations.

Conclusion
Fastest, easy, and ecofriendly method for synthesis of GNPs
using PM was successfully developed. The effect of various
parameters like temperature, stirring, and pH was studied,
suggesting that GNPs synthesized by heating at 40°C yields
better GNPs with respect to size, shape, and stability. Contradictory to the reports of many researchers where higher temperatures have been used for synthesis of GNPs, we can
conclude that heating at lower temperature could serve as a

very good alternative for fastest synthesis of stabilized GNPs.
Further, quantitative in vitro antioxidants assays confirm
the main role of phytochemicals involved in green synthesis
of GNPs. These functionalized (charged), biostable,
biocompatible, and inert GNPs can be manipulated
efficiently for its targeting and diagnostics properties in
cancer therapeutics.
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Abstract
The aim of the present study was to develop
thermosensitive emulsomal in situ gel for ocular delivery of
sparfloxacin, an antibacterial drug. The study was conducted in
two steps. In the first step, sparfloxacin emulsomes were prepared by thin film hydration technique and characterized.
Compritol 888 ATO (CA) was used as lipid core and Phospholipon 90G (PC) as stabilizer. The optimized emulsomal
formulation (E3) showed mean particle size of 217 ± 3.78 nm,
with 72.83 ± 2.56 % drug entrapment efficiency, and showed
a slow and consistent release of the drug over period of 24 h in
simulated tear fluid (STF) pH 7.4. In the second step, the drugloaded emulsomal suspension was dispersed in Pluronic (PF

127 and PF 68) solution yielding the emulsomal in situ gel. The
optimized gel formulation GF1 gelled at around 35 °C. Drug
content was found to be 92.42 ± 2.08 %. The viscosity of the
formulation at 25 ± 1 and 37 ± 1 °C was 107.46 ± 6.74 and
1669 ± 13.89 cps, respectively. The in vitro drug release
revealed a sustained profile over a period of 12 h. The formulation was non-irritant and showed promising in vitro and
in vivo antimicrobial activity. Stability studies indicated that
4 ± 1 °C is appropriate storage condition for the formulation.
The findings suggested that the novel emulsomal in situ gelling
system could be a viable alternative to conventional eye drops.
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Abbreviations
CA
Compritol 888 ATO
PC
Phospholipon 90G
PF68
Pluronic F 68
PF127 Pluronic F127
STF
Simulated tear fluid
PBS
Phosphate-buffered saline
BCS
Biopharmaceutical classification scheme
TEM
Transmission electron microscope

1 Introduction
Pharmacotherapeutics aims at the attainment of effective
drug concentration at the intended site of action for a
sufficient period of time to elicit a response. Though the
conventional ophthalmic delivery systems like eye drops
and suspensions offer an advantage of easy instillation,
they suffer with the inherent drawback of poor bioavailability which may be attributed to the pre-corneal loss
factors which include tear dynamics, nonproductive
absorption, brief residence time in the cul de sac and
impermeability of corneal epithelium [1]. Most of the
conventional dosage forms have very poor residence time
in the ocular environment (5–25 min) as they are easily
washed off from the eye by lacrimation, tear dilution, etc.
As a result, only 1–10 % of topically applied drug is
absorbed. A major part of drug may also be absorbed
systemically resulting in systemic side effects. Therefore,
frequent dosing at an extremely high concentration is
required which may cause damage to the ocular tissues [2].
To improve the ocular bioavailability of the drugs, newer
delivery systems are being explored. Though the novel drug
delivery systems offer many advantages over conventional
dosage forms, they are not devoid of disadvantages, for
instance, poor patient compliance and difficulty of insertion
as in ocular inserts, tissue irritation and damage caused by
penetration enhancers and collagen shields. The corneal and
conjunctival epithelial barriers of the eye limit the ocular
drug absorption even from the modified formulations [3]. In
order to overcome these problems, the researchers have
come up with the concept of vesicular drug delivery systems
as applied to corneal delivery.
Vesicles are unilamellar or multilamellar spheroid
structures composed of lipid molecules assembled into
bilayers. Vesicular delivery systems have a great potential
to carry a number of drugs and hence are widely investigated for their relevance in pharmaceutics such as drug
delivery, drug targeting, controlled release or increasing
solubility [4]. Prolonged and controlled delivery at the
corneal surface can be achieved through vesicular delivery
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of drugs. Drug enclosed in the vesicles allows for improved
transport through the corneal membrane and prevents the
metabolism of the drug from the enzymes present at the
tear/corneal epithelial surface. Vesicular systems also
localize and maintain drug activity at its site of action.
Vesicular drug delivery systems used in ophthalmic drug
delivery broadly include liposomes and noisomes. Even
though the liposomes offer many advantages for ocular
delivery, they are not very popular because of their short
shelf life, limited drug capacity and problems in sterilization [1].
Emulsomes are a novel lipoidal vesicular system consisting of microscopic lipid assembly with a lipid core,
stabilized by phospholipid bilayers. Emulsomes are more
stable when compared with liposomes. The stability
problems associated with conventional liposomes or other
vesicular delivery systems such as aggregation, susceptibility to hydrolysis, and oxidation may be avoided by using
emulsomes. They do not require any surface active agent or
co-solvent in their formulation and can act as vehicle for
poorly soluble drugs [5].
Extensive investigations have been dictated to the
development of newer drug delivery systems based on the
concept of in situ gel-forming polymers that exhibit phase
transition due to physiochemical changes in their environment which help to attain medications with prolonged
retention time, minimized dose frequency and improved
transcorneal penetration of drugs [6]. Thermosensitive
in situ gels are conveniently dropped as a solution into the
conjunctival sac, where they undergo a phase transition
into a gel at the ocular temperature, thus combining the
advantage of a solution (easy and accurate administration)
and gels (prolong residence time) for improving ocular
bioavailability [7].
Sparfloxacin belongs to biopharmaceutical classification
scheme class II (BCS CLASS II) as it is poorly soluble in
aqueous media. The performance of such drugs is dissolution rate-limited. It is a third-generation fluoroquinolones
derivative, used in external infections of the eye such as
conjunctivitis and bacterial keratitis and has in vitro
activity against a wide range of gram-negative and grampositive microorganisms. Sparfloxacin is available as
0.3 % (w/v) ophthalmic solution; its dose is one to two
drops every 4 h or hourly in case of severe infection [8, 9].
Fabricated sparfloxacin emulsomes can be dispersed in
an in situ gelling vehicle, which, at least theoretically, is
likely to provide benefits of these components in modulating drug release at the ocular surface. The physical
barrier provided by the lipid bilayer and the slower diffusion of the emulsomes in the hydrogel will ensure steady,
prolonged release and higher transcorneal permeation of
sparfloxacin and thus is likely to correct the high need for
frequent dosing as in the case of conventional formulation.
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In the present study, attempts are made to increase the
therapeutic efficacy of sparfloxacin and to overcome the
inherent drawbacks associated with conventional sparfloxacin ophthalmic formulation such as short residence
time, drug drainage and frequent instillation by formulating
it into novel emulsomal in situ gelling system, thus providing for improved patient compliance.

2 Materials and methods
2.1 Materials
Sparfloxacin and Compritol (CA) were kindly supplied as a
gift from FDC (Goa, India) and Gattefosse (India),
respectively, and were used without further purification.
Phospholipon 90G (PC) was provided as a kind gift sample
from Lipoid (Germany). Pluronic F 68 (PF68) and Pluronic
F127 (PF127) were obtained from Ozone International
(Mumbai, India) and Sigma-Aldrich (USA), respectively,
and simulated tear fluid (STF, pH 7.4) and phosphatebuffered saline (PBS pH 7.4) were prepared according to
the official methods of US Pharmacopoeia. All other
chemicals and reagents were of analytical grade if not
specified.
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centrifuged (Plasto Crafts Ind., Mumbai) at 12,000 rpm for
1 h. The supernatant was separated, and the pellet formed
at the bottom of the Eppendorf tube was mixed with 1 mL
0.1 N NaOH to dissolve the free drug adhering to the
surface of the vesicles. It was again centrifuged at
12,000 rpm for 30 min. The supernatant was added to the
previous collection, and the concentration of sparfloxacin
in the collective supernatant was determined by UV–visible spectrophotometer (Shimadzu UV-1700, Japan) at
289 nm after suitable dilution with PBS pH 7.4 using the
same as blank.
The entrapment efficiency was determined by the
formula,
% Entrapment efficiency ¼

Td  Tu
 100
Td

where Td is the total drug content and Tu is the amount of
unentrapped drug detected in the supernatant.
2.2.4 Morphology
Prepared emulsomes were characterized for morphology by
transmission electron microscope (TEM) installed at Central Instrumentation Laboratory, Punjab University
(Chandigarh, India).

2.2 Methods

2.2.5 Drug content

2.2.1 Preparation of emulsomes

For determination of drug content, 1 mL of emulsomal
dispersion was dissolved in 3–4 mL of methanol in a
volumetric flask with vigorous shaking to dissolve the
contents fully. The volume was then made up to 100 mL
using PBS pH 7.4. Appropriate dilutions were made using
PBS pH 7.4, and the concentration of sparfloxacin was
determined by UV–visible spectrophotometer at 289 nm
against PBS pH 7.4 as blank (100 % drug content = 2 mg/
mL).

Emulsomes of sparfloxacin were prepared by thin film
hydration technique. Accurately weighed quantities of
drug, PC and CA, were dissolved in a minimum quantity of
chloroform/methanol mixture (2:1) placed in a round-bottom flask. The organic solvent was evaporated till complete
dryness under reduced pressure using a rotary evaporator
(RV10DS96, IKA, UK) to form a thin film on the walls of
the round-bottom flask. The dried film was desiccated
overnight to remove any traces of solvent. Following desiccation, the film was hydrated with PBS pH 7.4. The
resulting dispersion was sonicated for 15 min using a probe
sonicator (Rivotek, Mumbai) [10, 11].
2.2.2 Particle size analysis
The size distributions along the volume mean diameter of
the nanoparticle were measured by dynamic light scattering
particle size analyzer (Microtrac Nanotrac A150, Korea).
2.2.3 Entrapment efficiency
Entrapment efficiency was determined by taking 2 mL of
emulsomal formulation in an Eppendorf tube and
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2.2.6 In vitro drug release of emulsomes
In vitro release studies of sparfloxacin-loaded emulsomes
were performed using dialysis method with cellophane
membrane (Hi-Media, Mumbai, India) with molecular
weight cutoff 12,000–14,000 dalton. The formulation
(equivalent to 10 mg sparfloxacin) was placed in the donor
compartment, and the receiver compartment was filled with
50 mL dialysis medium (STF pH 7.4) stirred continuously
at 100 rpm using magnetic stirrer (Remi, India) at
37 ± 1 °C. After regular time intervals, samples (1 mL)
were withdrawn from receiver compartment. After each
withdrawal of sampling, equal volume of dialysis medium
was added in the receiver compartment so as to maintain
equal volume level each time. All samples were withdrawn
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in triplicate. Samples were analyzed for amount of sparfloxacin released with UV–visible spectrophotometer at
289 nm against STF pH 7.4 as blank [10].
2.2.7 Preparation of in situ emulsomal gel
In situ gels were prepared by modified cold method.
Briefly, accurately weighed amount of the polymers (PF
127 and PF 68) were dissolved separately in little amount
of cold (4 °C) distilled water and stirred on magnetic stirrer
for a period of 1 h at 200–300 rpm. Low speed was
employed to ensure the absence of froth formation. The
partially dissolved polymer solutions were sealed with
aluminum foil and refrigerated overnight at 4–5 °C. Both
the solutions were then mixed by continuous stirring for
1 h at 200–300 rpm and were refrigerated overnight at
4–5 °C. Required amount of emulsomal suspension was
dispersed in the polymer solution by stirring at 300 rpm for
45 min. Required quantity of benzalkonium chloride, pure
drug as loading dose and sodium chloride were dispersed in
little amount of distilled water, added to the polymer
solution and further stirred until uniformly mixed. All the
sample solutions were adjusted to pH 7.4 by 0.1 N NaOH
solution and then stored in a refrigerator [12].
2.2.8 Determination of pH of in situ emulsomal gel
The developed formulations were evaluated for pH by
using digital pH meter. The instrument is to be calibrated
before each use with standard buffers.
2.2.9 Drug content of in situ emulsomal gel
Drug content was determined by mixing 1 mL of formulation with 5 mL methanol in a 100-mL volumetric flask.
The flask was subjected to vigorous shaking to mix the
contents. The volume was made up to 100 mL with STF
pH 7.4. The solution was filtered, and appropriate dilutions
were made with STF. Blank was prepared in the same way
using emulsomal in situ gel containing no drug. Absorbance was measured at 289 nm against the prepared blank
solution (100 % drug content = 3 mg/mL).
2.2.10 Measurement of gelation temperature
For measurement of gelation temperature, 10 mL of the
sample solution and a magnetic bead were put into a beaker
that was placed in a low-temperature water bath. A thermometer was immersed in the sample solution. The temperature was increased gradually with continuous stirring
at 100–200 rpm. The temperature was determined as GT,
at which the magnetic bead stopped moving due to gelation. Each sample was measured at least in triplicate [12].
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2.2.11 Effect of dilution on gelation temperature
The sol–gel transition temperature was determined as
described above after dilution with STF pH 7.4. The temperature was increased gradually. The measurements were
taken at 15–37 °C, the temperature in the conjunctival sac
of the eye. To mimic the properties in the eye, if all applied
polymer solution (40 lL) was immediately mixed with the
available tear fluid (7 lL), which would be the worst-case
scenario, the polymer solution was mixed with simulated
tear fluid in a ratio of 40:7 [12].
2.2.12 In vitro gelation studies (gelling capacity)
All temperature-sensitive gelling formulations were evaluated for gelling capacity to identify the compositions
suitable for use. The gelling capacity was determined by
placing a drop of the system in a test tube containing 2 mL
of STF freshly prepared and equilibrated at 37 °C and
visually assessing the gel formation and noting the time for
gelation and the time taken for the gel formed to dissolve
[13].
2.2.13 Rheological studies
The viscosity studies of all the formulations were carried
out by using Brookfield digital viscometer (Brookfield DV
III?, USA) with spindle number 21 at 5 rpm using a
thermostated water jacket. The viscosity was measured
before dilution with STF at 25 ± 1 and at 37 ± 1 °C after
allowing the formulations to gel in the STF.
2.2.14 In vitro release studies of in situ emulsomal gel
In vitro release studies of the formulations were performed
using dialysis method with cellophane membrane (HiMedia, Mumbai, India) with molecular weight cutoff
12,000–14,000 dalton. The formulation (equivalent to
10 mg sparfloxacin) was placed in the donor compartment,
and the receiver compartment was filled with 50 mL dialysis medium (STF pH 7.4) stirred continuously at 100 rpm
using magnetic stirrer (Remi, India) at 37 ± 1 °C. After
regular time intervals, samples (1 mL) were withdrawn
from receiver compartment. After each withdrawal of
sampling, equal volume of dialysis medium was added in
the receiver compartment so as to maintain equal volume
level each time. All samples were withdrawn in triplicate.
Samples were analyzed for amount of sparfloxacin released
with UV–visible spectrophotometer at 289 nm against STF
pH 7.4 as blank. The data obtained were fitted into zeroorder, first-order, Higuchi matrix and Korsmeyer–Peppas
model, and the best fit model was selected [12].
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2.2.15 Antimicrobial efficacy
The microbiological studies were carried out to ascertain
the biological activity of best sol–gel system and compared
with pure drug solution against microorganisms. This was
determined in the agar diffusion medium employing ‘‘cup
plate technique.’’ Sterile solution of pure drug sparfloxacin
was used as standard. Nutrient agar medium was prepared
by suspending 28 gm of nutrient agar in 1000 mL distilled
water and boiling it to dissolve the medium completely. It
was then sterilized by autoclaving at 15 lbs pressure
(121 °C) for 15 min. The medium was allowed to cool and
then was seeded with organism (S. aureous). Four sterile
petri plates were taken and labeled as test, standard, positive control and negative control. In each petri plate, except
negative control plate, 40 mL of seeded media was poured
and allowed to solidify. In negative control petri plate, only
sterile medium without organism was poured and allowed
to solidify. A well was made aseptically in each plate with
the help of stainless steel borer (6 mm). In each of the
standard and test plates, 100 lL of pure drug solution and
100 lL of test formulation were placed and drug was
allowed to diffuse for 2–4 h into the medium. Positive and
negative control plates were devoid of any formulation. All
the petri plates were incubated for 24 h at 37 °C. Except
incubation, every work has been done in laminar air flow
unit. After completion of incubation period, zone of inhibition was measured [12, 14].
2.2.16 Isotonicity study
Isotonicity has to be maintained to check tissue damage.
Solutions of NaCl of three different concentrations were
prepared to obtain hypertonic (3 % w/v), hypotonic (0.2 %
w/v) and isotonic (0.9 % w/v) concentrations. Four clean
slides were taken. They were labeled as hypertonic (HT),
hypotonic (HP), isotonic (IS) and test (T). A small drop of
blood was applied to the center of each slide along with a
drop of heparin solution (1 % w/v) to prevent coagulation
of blood. A drop of each test solution was placed on the
respective slides. A drop of optimized formulation was
placed on the slide labeled as test (T). Using the edge of the
cover slip, the contents were mixed and observed under
microscope at 459 magnification to observe the morphology of RBCs [15].
2.2.17 Ex vivo corneal permeation studies
Isolated goat cornea was used to study the permeation
across the corneal membrane. Whole eyeballs of goat were
procured from a slaughter house and transported to laboratory in cold condition in normal saline maintained at
4 °C. The cornea was carefully removed along with a
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5–6 mm of surrounding scleral tissue and washed with cold
saline. The washed corneas were kept in cold freshly prepared solution of tear buffer of pH 7.4. The study was
carried out by using Franz diffusion cell in such a way that
corneal side is continuously remained in an intimate contact with formulation in the donor compartment. The
receptor compartment was filled with STF pH 7.4 at
34 ± 0.5 °C. The receptor medium was stirred on a magnetic stirred. The samples were withdrawn at different time
intervals and analyzed for drug content. Receptor phase
was replenished with an equal volume of STF (pH 7.4) at
each time interval. The percent drug released was plotted
against time to get dissolution rate curves [16, 17].
2.2.18 In vivo ocular irritation studies
Ocular irritation studies were performed on male albino
rabbits weighing 1–2 kg. The modified Draize technique
was designed for the ocular irritation potential of the
ophthalmic product. Approval of the Institutional Animal
Ethic Committee was obtained prior to the commencement
of the study. Three groups of six male Albino rabbits each
were made and were marked as test, positive control and
negative control, respectively. They were housed and
maintained in the animal house at room temperature during
the period of the study and were fed with standard diet and
water throughout the experiment. The negative control
group received 0.9 % NaCl, the test group received sterile
best formulation, and positive control group received
dioctyl sodium sulfosuccinate. Two to three drops of test
solution were normally placed in the lower cul de sac once
a day for a period of 7 days, and irritancy was tested at the
time interval of 1, 24, 72 h and 1 week after administration. The rabbits were observed periodically for redness,
swelling and watering of the eye [18].
2.2.19 Efficacy against induced bacterial conjunctivitis
Bacterial conjunctivitis was induced by instilling bacterial
strains of Staphylococcus aureus in rabbit’s eyes. Treatment was initiated 24 h later. Eighteen rabbits were
selected for the study and divided into three groups of six
rabbits each (test, standard and control). Bacterial conjunctivitis was induced for test and standard group animals.
Disease was not induced for control group animals. Test
group was treated with best sol-to-gel system, and standard
group was treated with pure drug solution. One to two
drops of respective test solutions were instilled into the
eyes, once a day for 5 days. Eyes of each animal were
observed every day for the duration of the study for redness, watering and mucoid discharge and swelling of eyelids [19].
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2.2.20 Short-term stability studies

3.4 Particle size of emulsomes

Samples were stored in glass containers for 2 months at
4 °C and at room temperature (25 ± 2 °C). Samples were
withdrawn after 30 and 60 days and were evaluated for pH,
drug content, gelling capacity and in vitro drug release
[20].

The particle size of the formulations ranged from
217 ± 3.78 to 707 ± 4.16 nm (Table 3). With increasing
levels of CA, there was a general increase in the particle
size of emulsomes. However, opposite trend was observed
with increasing amounts of PC. The particle size of the
emulsomes was observed to decrease with increasing levels
of PC from 36 to 50 % of total lipid content, whereafter a
slight increase in the particle size was noticeable (formulations E6–E9). This might be due to possible formation of
liposome in excessive concentration of PC [10]. Phospholipids are known for their emulsification properties to form
nanoparticles in a concentration-dependent manner [11].
Accordingly, the minimum size range was obtained at both
the lower levels of CA and the highest levels of PC, supporting the hypothesis (E3; 217 ± 3.78 nm). The polydispersity index of the formulations ranged from
0.211 ± 0.15 to 0.567 ± 0.23, indicating mid-range polydispersity of the formulations.

3 Results and discussion
3.1 Preparation of emulsomes
Emulsome formulations, based on PC and CA as the constitutive lipids, were prepared (Table 1). The drug sparfloxacin was incorporated into the emulsomes using thin
film hydration technique. All the formulations were odorless pale yellow colored milky dispersions.
3.2 Drug content of emulsomes
The drug content of the emulsomal formulations ranged
from 96.51 ± 0.95 to 98.92 ± 0.51 % (Table 3). Highest
drug content was obtained for formulation E3
(98.92 ± 0.51 %).
3.3 Entrapment efficiency of emulsomes
PC and CA seem to have profound effect on the entrapment
of sparfloxacin within the emulsomes. Sparfloxacin showed
higher entrapment within the emulsomes with the
increasing amounts of both the lipids, which can be
assigned to the lipophilic nature of the drug (Table 3).
Also, the effect of increasing amounts of CA was relatively
much more pronounced than that of PC [10, 11]. Hence, the
highest entrapment of the drug in the emulsomal system
was achieved for formulation E9 (81.92 ± 0.96 %) with a
lipid–matrix composition having around 56 % of CA and
43 % of PC.
Table 1 Composition of
emulsome formulations

3.5 Morphology of emulsomes
All formulations were characterized for morphology by
TEM (Fig. 1) which shows photomicrograph of formulation E3. As seen from the photomicrograph, spherical to
ellipsoidal emulsomes can be seen.
3.6 In vitro drug release of emulsomes
The in vitro drug release study of sparfloxacin emulsomes
was carried out for 24 h in STF pH 7.4 (Figs. 2, 3 and 4).
The release of sparfloxacin in STF from emulsomes was
slow and steady and ranged from 18.958 ± 1.25 to
61.635 ± 1.25 %. Among formulations E1, E2 and E3
(Fig. 2), highest percentage of drug release after 24 h was
obtained for formulation E3 (61.635 ± 1.25 %). In formulations E4, E5 and E6 (Fig. 3), formulation E5 showed
the highest release (26.619 ± 1.42 %). Among

Formulation code

CA (mg)

PC (mg)

Drug (mg)

PBS pH 7.4 (mL)

E1

35

20

20

10

E2

35

35

20

10

E3

35

50

20

10

E4

50

20

20

10

E5

50

35

20

10

E6

50

50

20

10

E7

65

20

20

10

E8

65

35

20

10

E9

65

50

20

10
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Fig. 1 Transmission electron
microscopic image

Fig. 4 Comparative drug release profile of emulsomal formulations
E7–E9
Fig. 2 Comparative drug release profile of emulsomal formulations
E1–E3

formulations E7, E8 and E9 (Fig. 4), highest percentage of
drug release after 24 h was obtained for formulation E9
(47.494 ± 0.35 %). Out of all the formulations, E3 showed
the highest percentage drug release in the medium. No
burst release was observed in any of the formulations.
Based on the size, entrapment efficiency and in vitro
drug release properties, formulation E3 was selected as the
optimized formulation and was further incorporated into
in situ gel base.
3.7 Preparation of in situ emulsomal gel

Fig. 3 Comparative drug release profile of emulsomal formulations
E4–E6
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Five formulations containing polymers PF127 and PF68
were prepared by varying the concentration of PF 68 from
1 to 5 % (Table 2). The use of PF127 in temperaturesensitive hydrogel is substantiated by the property of its
aqueous solutions to transform into stiff gels when the
temperature is changed from room temperature to 37 °C.
The sol–gel formulations were prepared by cold method
(Table 3).

J Sol-Gel Sci Technol (2016) 77:654–665
Table 2 Composition of
emulsomal in situ gel
formulations
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Formulation ingredient

Formulation code
GF1

Table 3 Size, polydispersity
index, entrapment efficiency
and drug content of emulsomes

GF2

GF3

GF4

GF5

Sparfloxacin (% w/v) (emulsomal dispersion ? loading dose)

0.3

0.3

0.3

0.3

0.3

PF 127 (% w/v)

17

17

17

17

17

PF 68 (% w/v)

1

2

3

4

5

Sodium chloride (% w/v)

0.9

0.9

0.9

0.9

0.9

Benzalkonium chloride (% w/v)

0.01

0.01

0.01

0.01

0.01

Sodium hydroxide

q.s

q.s

q.s

q.s

q.s

Distilled water (q.s to mL)

100

100

100

100

100

Formulation code

Size (nm)

Polydispersity index

Entrapment efficiency (%)

Drug content (%)a

E1

375 ± 9.07

0.234 ± 0.02

53.26 ± 1.95

98.33 ± 1.15

E2

329 ± 2.64

0.312 ± 0.03

56.43 ± 3.06

96.66 ± 0.57

E3

217 ± 3.78

0.432 ± 0.12

72.83 ± 2.56

98.92 ± 0.51

E4

571 ± 7.63

0.567 ± 0.23

56.81 ± 2.88

97.89 ± 0.31

E5

472 ± 5.51

0.336 ± 0.14

77.71 ± 2.35

98.71 ± 1.31

E6

247 ± 2.51

0.465 ± 0.31

78.76 ± 0.72

97.21 ± 0.85

E7

580 ± 2.08

0.211 ± 0.15

74.11 ± 2.10

97.73 ± 0.25

E8

670 ± 14.74

0.376 ± 0.17

77.36 ± 1.38

96.51 ± 0.95

E9

707 ± 4.16

0.235 ± 0.31

81.92 ± 0.96

97.46 ± 0.56

All values are expressed as mean ± SD (n = 3)
a

100 % drug content = (2 mg/mL)

3.8 Appearance and pH

3.9 Drug content of in situ emulsomal gel

All the prepared formulations were odorless, yellowish,
free flowing liquids, translucent at room temperature. The
physiologic pH of tears is approximately 7.4. The pH of all
gel formulation was found to be in a range of 7.2–7.4
which is similar to the ocular pH (Table 4). The pH is
within acceptable range and hence would not cause any
irritation upon administration.

All formulations were found to have drug content in the
range of 92.45 ± 1.51–91.79 ± 1.66 %, thus showing
uniform distribution of drug in the ophthalmic formulations
(Table 4).

Table 4 pH, drug content and gelling capacity of in situ emulsomal
gel
Formulation code

pH

Drug contenta,b

Gelling capacity

GF1

7.4

92.42 ± 2.08

???

GF2

7.2

91.9 ± 1.05

??

GF3

7.3

91.79 ± 1.66

??

GF4

7.2

92.42 ± 1.59

???

GF5

7.4

92.45 ± 1.51

???

? Gels after a few minutes, dissolves rapidly
?? Gelation immediate remains for few hours
??? Gelation immediate remains for extended period
a

Data expressed as mean ± SD (n = 3)

b

100 % drug content = 3 mg/mL

3.10 In vitro gelation studies (gelling capacity)
All the formulations showed instantaneous gelation when
contacted with simulated tear fluid (STF). Formulations
GF2 and GF4 showed immediate gelation (within 2–3 s)
and remained for few hours(\2 h), whereas the formulations GF1, GF3 and GF5 showed immediate gelation
(within 2–3 s) and remained for extended period (more
than 2 h) when maintained at the 37 °C.(Table 4).
3.11 Gelation temperature
An ideal thermosensitive ophthalmic system should exhibit
a sol–gel transition temperature higher than room temperature (25 °C), preferably (30 °C), and form gel at precorneal temperature (37 °C) even though diluted by small
volume of tear fluid. If gelation occurs at temperature
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Fig. 5 Gelation temperature of in situ emulsomal gel formulations
GF1–GF5

Fig. 6 Viscosity of in situ emulsomal gel formulations GF1–GF5 at
5 rpm

below 30 °C, that would be difficult in instillation to eye as
the system would already be gelled. If gelation occurs at
temperature higher than 37 °C, the formulation would be
drained by lachrymal secretions without serving the purpose. Hence, an ideal ophthalmic preparation should possess a gelation temperature between 30 and 37 °C. Figure 5
shows the gelation temperature of the in situ gel formulations. All the formulations showed gelation temperature in
the range of 39.36 ± 0.15–35.5 ± 0.1 °C. With increase in
PF-68 concentration, there was an increase in the gelling
temperature. Thus, by varying the concentration of polymers, the gelling temperature can be adjusted to the
required range.

confirmed sol-to-gel phase transition at body temperature.
It was observed that with increase in temperature from 25
to 37 ± 2 °C, there was drastic increase in viscosity. No
significant change in the viscosity of the formulations after
dilution with STF was seen as compared to the viscosity
values determined at the same temperature without dilution
with STF, thus showing the efficacy of formulation to
remain in gel form even when diluted with tear fluid. Also,
the increase in viscosity of the formulations was directly
proportional to polymer concentration. With increase in the
concentration of PF 68, there is a general increase in viscosity of the formulations. This effect may be due to the
interaction of PF 68 polymer with the micellar entanglement of PF 127 leading to the formation of a stronger bond.

3.12 Effect of dilution on gelation temperature
No significant change was observed in gelation temperature when diluted with STF showing the efficacy of formulation to remain in gel form even when diluted with tear
fluid. The slight increase that can be seen in the gelation
temperature after dilution may be because of any change in
the viscosity of the formulation by dilution (Fig. 5).
3.13 Rheological studies
An ophthalmic formulation must have an optimum viscosity that will allow easy instillation into the eye as liquid
drops and which would undergo rapid sol–gel transition
upon instillation in the eye. Viscosity of the formulations
was measured at room temperature and at physiologic
temperature (37 ± 2 °C). Viscosity of the formulations
was also checked after dilution with STF at 37 ± 2 °C
(Fig. 6). The measurement of viscosity at 25 and 37 °C
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3.14 In vitro drug release of in situ emulsomal gel
formulations
The in vitro release studies were carried out for all formulations using STF as the dissolution medium. A significant
decrease in the rate and extent of drug release was observed
with increase in viscosity of formulations which can be
attributed to increase in concentration of PF-68. The release
of drug from the gels was characterized by an initial phase of
high release (burst effect). However, as gelation proceeds,
the remaining drug was released at a slower rate (second
phase of moderate release). The initial burst release may be
attributed to the release of the drug that occurs before the gel
is actually formed. Also, the loading dose of the drug that is
added to the formulation may be responsible for the initial
burst effect. In the later phase, the drug is slowly released
from the emulsomes in the formulation, thus providing for
extended release up to 12 h. The cumulative % drug release
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3.14.2 Comparison of in vitro release profile of GF1
with pure drug and optimized emulsomal
formulation E3

Fig. 7 Comparative drug release profile of in situ emulsomal gel
formulations GF1–GF2

from the formulations ranged from 52.097 ± 0.42 to
75.274 ± 0.17 % (Fig. 7). Formulation GF1 showed highest release of 75.274 ± 0.17 % at the end of 12 h as it
contains least polymer concentration (1 % PF 68), whereas
formulation GF5 showed the lowest release of 52.097 ±
0.42 % as it contains higher polymer concentration (5 % PF
68). All the formulations in the study were best expressed by
Korsmeyer–Peppas equation, indicating that more than one
type of release phenomena could be involved in the release
process. The diffusion exponent (n) values for all formulations were \0.5, indicating Fickian mechanism of drug
release.
3.14.1 Comparison with in vitro release profile of pure
drug dispersed in gel base
The in vitro drug release profiles of all the in situ gel
formulations (GF1–GF5) were compared with the drug
release profile of pure drug dispersed in in situ gel base
(Fig. 7). Almost 90 % of the drug was released in only 6 h
from the gel containing pure drug. However, the release of
drug was more sustained from the emulsomal gel formulations ([12 h). This is mainly because of the sustaining
action of emulsomes. The drug is slowly released in the
ocular environment as it is enclosed in the lipid bilayers,
thus sustaining the release. Results indicated that the drug
release was significantly prolonged by using an emulsomal
in situ gelling system as compared to the pure drug dispersed in gel base.
Based on drug content, gelling temperature, gelling
capacity and in vitro drug release profile, GF1 was selected
as the optimized formulation and was further evaluated for
ex vivo corneal permeation studies, antimicrobial activity,
isotonicity studies and animal studies.

The in vitro release profile of GF1 was compared with that
of pure drug dispersed in in situ gel base and optimized
emulsomal formulation E3 as shown in Fig. 8. High burst
release was seen in case of pure drug and optimized GF1
formulation. However, in case of emulsomal formulation
E3, no burst release was observed. Where almost 90 % of
the drug was released from the gel containing pure drug
within 6 h, the release was sustained for more than 12 h in
case of emulsomal gel formulation GF1 as well as emulsomal formulation E1. The initial burst release obtained in
case of GF1 helps to attain the initial therapeutic concentration to achieve the desired therapeutic effect. Results
indicated that the drug release was significantly prolonged
by using an emulsomal in situ gelling system.
3.15 Ex vivo corneal permeation studies
The permeation of the optimized formulation GF1 from
goat cornea was 66.203 ± 2.39 %. The cumulative percentage drug release through the corneal membrane was
little less as compared to that with dialysis membrane
(Fig. 9). These may be because the cornea is made up of
epithelium (lipophilic), stroma (hydrophilic) and endothelium (less lipophilic than epithelium) which act as lipophilic–hydrophilic barrier for corneal penetration, while
dialysis membrane acts as a mechanical barrier [21].
3.16 Isotonicity studies
Isotonic nature of the formulation is important to maintain
the normal functioning of the cells or tissues at the site of

Fig. 8 Comparative drug release profile of optimized in situ emulsomal gel formulation (GF1) with optimized emulsomal formulation
(E3) and pure drug dispersed in in situ gel base
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3.20 Short-term stability studies
The physical appearance of the formulation GF1 stored at
room temperature changed slightly. The viscosity was
found to increase when stored at room temperature but not
in significant amount. The drug content of the formulation
stored at 4 °C showed slight variations compared with the
formulation stored at room temperature. This variation in
the drug content can be attributed to the dehydration of gel
formulation. The pH of formulations did not vary much
over the period of 60 days at either temperature conditions.
Same was true for gelation temperature. Thus, it can be
interpreted that the prepared sol–gel GF1 can be best stored
at 4 ± 1 °C.
Fig. 9 Comparative drug release profile of optimized in situ gel
formulation (GF1): in vitro (using cellophane membrane) and ex vivo
(using goat corneal membrane)

instillation. Hypo/hypertonic preparations tend to irritate
sensitive tissues like eyes and cause pain when applied to
mucus membrane of eye. The degree of irritation is related
to level of divergence from isotonicity. If a preparation is
isotonic, the tone of the cell will not be disturbed by either
ingress of water from the instilled solution (hypotonic) or
egress of water of the cell (hypertonic) [22]. The optimized
formulation GF1 did not show any change in the morphology (swelling or shrinkage) of blood cells.
3.17 Antimicrobial efficacy studies
Sparfloxacin retained its antimicrobial activity after being
formulated into an emulsomal in situ gel. The drug was
active against the selected S. aureus organism as indicated
by zone of inhibition. The zone of inhibition as obtained
for the optimized emulsomal gel formulation GF1 was
30 mm which was almost same as that obtained for the
solution of the pure drug (32 mm).
3.18 In vivo ocular irritation studies
The formulation GF5 was non-irritating and showed no
ocular damage. There were no signs of redness, mucous
formation or inflammation.
3.19 Efficacy against bacterial conjunctivitis
During the treatment, the rabbit eyes were observed for the
redness, lacrimal secretion, mucoid discharge and swelling
of eyelid. Symptoms associated with conjunctivitis were
reduced faster with sol–gel formulation as compared to
pure drug solution. With the optimized emulsomal gel
formulation GF1, the infection got cleared within
4–5 days.

123

4 Conclusions
The thermosensitive emulsomal in situ ophthalmic gel of
sparfloxacin was successfully formulated. The results of
short-term stability studies indicated that the most suitable storage condition for in situ gel was 4 ± 1 °C. The
in vitro and in vivo results of sparfloxacin emulsomal
in situ gel showed promising antimicrobial activity, suggesting its potential for an effective ocular delivery. Thus,
it can be concluded that thermosensitive in situ emulsomal
gel can be a viable alternative to conventional eye drops.
The novel approach could be further exploited for delivery
of both water-soluble and water-insoluble drugs.
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neurological disorders. In the present study, pretreatment effect of methanolic extract of Ipomoea reniformis on epilepsy
and psychosis was evaluated in rodents using standard procedures. Besides evaluating epileptic and behavioral parameters,
neurotransmitters such as Gamma-Amino Butyric Acid (GABA) in epilepsy and in psychosis dopamine, noradrenaline and
serotonin contents in the rodent brain were estimated. The extract pretreatment reduced maximal electro shock; Isoniazid
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their traditional claims. In the present study ethanolic extract of Borassus flabellifer flowers was screened for its anti-

diabetic potential against alloxan induced diabetic rats. Oral Glucose Tolerance Test (OGTT), blood glucose level, serum
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lipid profile and histological study of pancreas were performed. The free radical scavenging effect was studied by using
DPPH method. After administration of the ethanolic extract, there was a significant reduction in fasting blood glucose
levels from 60 min (OGTT) acute study reveals blood glucose lowering potential of 20 % at 6 hr whereas sub-acute study
diseases [3]. The powder of leaves is used as a snuff
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pancreatic β cells or resistance to insulin. Another major
contributing factor is believed to be the oxidative stress
in the pathogenesis of diabetes. Glucose oxidation as
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well as nonenzymatic protein glycosylation in diabetes
itself leads to the increased production of Reactive
Oxygen Species (ROS)2. Vascular abnormalities such
as constriction and dilation of blood vessels were
observed in diabetic patients. These complications
further lead alterations in blood flow and peripheral
vascular resistance resulting in cardiovascular disease,
diabetic retinopathy, nephropathy, neuropathy
and hypertension3. Nitric oxide (NO) is a potent
vasodilator plays a major role in controlling of vascular
homeostatis, among various other biologically active
molecules. End point of diabetes in hyperglycemia,
which is responsible for increased production of ROS
such as DPPH and superoxide anion. These free radicals
in turn deceases the bioavailability of nitric oxide4.
Antioxidants have shown to prevent the destruction of
ß- cells by inhibiting the peroxidation chain reaction
and it may provide protection against the development
of diabetes5.
Herbal drugs believed to increase insulin secretion,
enhance glucose uptake by adipose or muscle tissues and
inhibit absorption as well as production of glucose from
intestinal mucosa and liver respectively6. Several plant
species are recommended for the effective management
of diabetes in traditional system of medicines. A
scientific rational approach with the standardization of
these plants and plant sources is the need of the hour for
development and validation of more effective therapeutic
agents.
Borassus flabellifer L (Family-Arecaceae) is a tall and
erect palm, with large, fan-shaped leaves7, commonly
known as Palmyra palm or Asian toddy palm8. Different
plant parts are used in the treatment of syphilis, heart
burns, liver and spleen enlargement etc7. The flowers
exert anti-inflammatory activity whereas bloom on
base of leaves used as styptic for external wounds.
Juice from flowering stalk of the plant is used in the
management of diabetes. The plant has also been used
for treatment of gonorrhea and respiratory ailments,
leaf juice used for hiccups, gastric ailments, ulcers and
abscesses8. Fresh pulp is reportedly rich in vitamins A
and C whereas fresh sap is a good source of vitamin
B-complex9.
Phytochemical investigation revealed the presence
of gums, albuminoids, fats, saponins, carbohydrates
like sucrose. Methanolic extract of roots and leaves
Journal of Natural Remedies | ISSN: 2320-3358
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shows the presence of flavonoids, saponins, tannins and
phenolic compounds. The ethanolic extract of roots and
leaves shows antioxidant activity7 whereas a significant
antibacterial activity10 was observed in methanolic
extract of seed coat. Ethanolic extract of flower showed
dose dependent and significant anti-inflammatory
activity11. In case of management of diabetes the fresh
juice of flowering stalks is preferred12. The data reported
suggests that the plant contains the chemical constituents
which have shown anti-diabetic and antioxidant activity.
Also the antioxidant activity supports it use in the
management of diabetes. The present study intends to
screen the ethanolic extract of Borassus flabellifer flower
for anti-diabetic and antioxidant activity. This may
further yield some more useful information to validate
the claims made, as well as for the effective treatment of
diabetes.

2. Materials and Methods
2.1 Animals
Swiss albino mice of either sex (20-25 gm weight), and
healthy adult male Wister albino rats (170-200 gm) were
used for acute toxicity study and anti-diabetic activity
respectively. The animals were randomly divided in four
groups (n = 6) and kept in clean cages. The animals were
having free access to commercial rat chaw and water ad
libitum. Temperature was maintained at 25°C ± 2°Cwith
12 hr day and night cycle. For the study institutional
ethical clearance was obtained by Institutional Animal
Ethics Committee (Vide: JNMC/IAEC/Res-2/9/2008
dated 19th December 2008).

2.2 Chemicals
Glibenclamide was procured from Hoechst India Ltd.
All chemicals and solvents used were of analytical grade.

2.3 Collection of Plant Material
The flowers of Borassus flabellifer were collected from
surrounding areas of Belagavi districts, Karnataka, India.
The specimen was authenticated from Prof. R. S. Goudar,
Dept. of Botany, KLES’s R. L. Science Institute, Belagavi,
Karnataka, India. The herbaria are prepared and stored
at Department of Pharmacognosy, K.L.E.University
College of Pharmacy, Belagavi, (Karnataka) India.
www.informaticsjournals.org/index.php/jnr | Vol 16 (1) | Jan 2016
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2.4 Preparation of Plant Extract
Flowers of Borassus flabellifer were shade dried at room
temperature. The complete shed dried flowers were
ground to coarse powder and passed through sieve no.40.
This facilitates more effective extraction. Thus prepared
powder was stored in a well closed glass jar for further
studies. Cold maceration and continuous hot extraction
(Soxhlet apparatus) method was adopted for extraction
using 95% ethanol. The extracts were concentrated under
reduced pressure using rotary evaporator (IKA 10) at 40°
C to yield a syrupy mass. For further investigations and
evaluations the syrupy mass was stored in amber colored
glass jar in refrigerator at 2-8°C.

2.5 Preliminary Phytochemical
Investigations
Preliminary phytochemical investigation revealed the
presence of carbohydrates, steroids flavonoids and
triterpenoids.

2.6 Experimental Design
Screening of Borassus flabellifer flower ethanol extract for
anti-diabetic effect was screened in rats by conducting
Glucose Tolerance Test (GTT) study and evaluating
their effects (Single dose and Multidose treatment
study) on blood glucose level, serum lipid profiles and
histopathology of pancreas in alloxan induced diabetic
rats.

2.7 Acute Toxicity Study
Determination of LD50 was done as per OECD-423
guidelines for fixing the therapeutic dose for screening
purpose. The animals were fasted overnight prior to the
experiment and maintained under standard conditions.
2000 mg/kg b. w. was taken as starting dose; LD50 was
determined and1/10 of LD50was taken as therapeutic
dose for anti-diabetic activity i. e. 200 mg/kg b. w.13.

2.8 Oral Glucose Tolerance Test (OGTT)
Fasting blood glucose level of each rat was determined
at zero time after overnight fasting with free access
to water only. Rats were divided into three groups
containing six rats in each. Group-I (Control group)
received 1 ml of 1% gum acacia suspension, GroupII (standard drug) received Glibenclamide (2.5 mg/
Journal of Natural Remedies | ISSN: 2320-3358

kg- standard) and Group–III received Borassus flabellifer
flower ethanol extract (200 mg/kg), by oral route using
an orogastric tube respectively. Glucose (2 gm/kg) was
orally administered 30 min after the administration of
gum acacia, glibenclamide and extract. Blood samples
were collected from the tail vein under ether anesthesia
just prior to and 30, 60, 120 and 240 min after glucose
loading. Glucose levels were estimated using glucoseoxidase-peroxidase reactive strips and a glucometer
(Sugar-check, Wockhardt Ltd, Mumbai, India)14.

2.9 Effect of Borassus flabellifer Flower
Ethanol Extract on Blood Glucose
Levels in Alloxan Induced Diabetic Rats
[Single Dose (Acute) Treatment]
A single intraperitoneal injection of 120 mg/kg of alloxan
monohydrate was employed to induce diabetes. After
72 hr, animals with blood glucose levels higher than
250 mg/dl were considered diabetic and were included
in the study. Animals were divided into four groups
containing six rats each. Group I: Normal control rats
administered 1 ml of 1% gum acacia suspension; Group
II: Diabetic control rats administered 1 ml of 1% gum
acacia suspension; Group III: Diabetic rats administered
Glibenclamide (2.5 mg/kg) and Group IV: Diabetic
rats administered Borassus flabellifer flower ethanol
extract(200 mg/kg) orally. Blood samples were collected
from the tail vein prior to and at 30, 60, 120, 240, and 360
min intervals after the administration of the extract and
blood glucose levels were estimated15.

2.10 Effect of Borassus flabellifer Flower
Ethanol Extract on Blood Glucose
Levels and Serum Lipid Profiles in
Alloxan Induced Diabetic Rats [Multi
Dose (Sub Acute) Treatment]
Diabetes was induced in overnight fasted rats by a
single intraperitoneal injection of 120 mg/kg of alloxan
monohydrate. After 72 hr, animals with blood glucose
levels higher than 250 mg/dl were considered diabetic
and were included in the study. Animals were divided
into four groups comprising of six rats each. Group I:
Normal control rats administered 1 ml of 1% gum acacia
suspension; Group II: Diabetic control rats administered
1 ml of 1% gum acacia suspension; Group III: Diabetic
www.informaticsjournals.org/index.php/jnr | Vol 16 (1) | Jan 2016
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rats administered Glibenclamide (2.5 mg/kg) and Group
IV: Diabetic rats administered Borassus flabellifer flowers
ethanol extract (200 mg/kg) orally. These rats were given
the same doses of the extract once daily for 15 days in
this study. Blood samples were collected from the tail
vein of nonfasted rats on days 0, 5, 10 and 15 of extract
administration and blood glucose levels were estimated
using glucometer. Serum lipid profiles on day 15 were
measured by semi autoanalyzer15.

2.11 Histopathological Studies
Pancreatic tissues from rats of all groups of multi dose
(sub-acute) treatment were subjected to histopathological
studies. The animals were sacrificed; the whole pancreas
from each animal was removed and stored in 10%
formalin solution. Sections of 5 µm thickness were cut
and stained by Hematoxylin and Eosin (H and E) for
histological examination16.

2.12 
In-vitro Antioxidant –DPPH Free
Radical Scavenging Activity
The free radical scavenging activity of Borassus flabellifer
flower ethanol extract was measured by 1, 1-diphenyl-2picryl-hydrazyl (DPPH). For DPPH assay, the method
of Blois was adopted. The capacity of Borassus flabellifer
flowers ethanol extract at different concentration was
allowed to react with DPPH. Thirty minutes later the
capacity to scavenge the lipid-soluble DPPH radical
was determined by measuring the absorbance at 517
nm. The percentage inhibition was calculated for each
concentration relative to a blank absorbance using the
UV spectrophotometer. The DPPH scavenging capacity
of the extracts is compared with that of BHT (Butylated
hydroxytolune). Lower absorbance of the reaction
mixture indicates higher free radical scavenging activity.
All determinations are carried out in triplicate. IC50 value
in the tested compound is, the concentration required to
scavenge 50% DPPH free radical. Percentage inhibition
was calculated as DPPH radical scavenging activity.
DPPH radical Scavenging effect (%)=
((Abs control–Abs sample))
((Abs control)) X 100
Where, Abs control is the absorbance of initial conc.
of DPPH radical;
Journal of Natural Remedies | ISSN: 2320-3358
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Abs sample is the absorbance of DPPH radical +
sample Extract /standard

2.13 Statistical Analysis
Values are recorded as mean ±S.E.M. Statistical difference
between treatments and the controls were tested by
one-way analysis of variance (ANOVA), followed by
Dunnett’s multiple comparison test using the Graph pad
Prism-5. A difference in the mean values of P<0.05 was
considered to be statistically significant.

3. Results
3.1 Acute Toxicity Study
Even at the highest dose (2000mg/kg), acute toxicity
study revealed no mortality or any toxic reactions with
oral administration of extract. It was considered safe to
use for the screening which was carried out at 1/10 doses
of LD50.14.

3.2 Oral Glucose Tolerance Test (OGTT)
Ethanol extract of flowers of Borassus flabellifer
significantly (P<0.05) improved the glucose tolerance
up to 4 hrs (Table 1 and Fig. 1). Ethanol extract of
Borassus flabellifer showing approximately 18, 22 and 14
% reduction in blood glucose level from control values
at the 1hr, 2 hr and 4 hr respectively. The Glibenclamide
also improved the glucose tolerance test up to 4 hrs.

3.3 Effect of Borassus flabellifer Flowers
Ethanol Extract on Blood Glucose
Levels in Alloxan Induced Diabetic Rats
[Single Dose (Acute) Treatment]
Administration of Borassus flabellifer flower ethanol
extract was found to reduce the blood glucose level
significantly (P<0.05) in alloxan induced diabetic rats.
The anti-hyperglycemic effect from 1 hr after oral
administration lasts up to 6 hrs when compared with
normal rats and diabetic control rats. Blood glucose
lowering potential percentage of Borassus flabellifer
was 15 % and 20 % at the end of 4 hr and 6hr, while
the standard drug Glibenclamide (2.5mg/kg) caused
16 % and 19 % reduction of blood glucose at the same
time interval when compared with diabetic control rats
(Table 2 and Fig. 2).
www.informaticsjournals.org/index.php/jnr | Vol 16 (1) | Jan 2016
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Table 1: Effect of Borassus flabellifer flower ethanol extract on the blood glucose levels in
glucose loaded rats
Exp. Group

Treatment

(n= 6)

Blood glucose concentration (mg/dl) (mean ± S.E.M.)
In fasting

30 min

60 min

120 min

240 min

I

Normal control
(1% Gum Acacia)

92.8 ± 2.9

161.6 ± 4.1

162.7 ±2.6

161.2 ± 3.5

132.3 ± 3.2

II

Glibenclamide
(2.5 mg/kg)

96.0 ± 2.4

143.0 ±2.4 *

145.8 ±1.2 *

137.0 ±2.2 *

98.9 ± 1.2 *

III

Borassus flabellifer
flower ethanol
extract (200 mg/kg)

97.6± 3.9

131.0 ±3.0 *

132.7 ±3.2 *

125.7 ±2.9 * 114.0 ± 1.4 *

Significant, compared to control: *P< 0.01
n= no of animals in each group

Fig. 1. Effect of Borassus flabellifer flower ethanol extract on the blood glucose concentration in glucose loaded rats.

Table 2: Effect of Borassus flabellifer flower ethanol extract on the blood glucose levels in diabetic rats (Single
dose treatment /acute study)
Exp. Group
(n= 6)

Treatment

Blood glucose concentration (mg/dl) (mean ± S.E.M.)
0 hour

30 min

60 min
##

I

Normal control
(1% gum acacia)

87.2 ±2.4

88.4 ±2.1

II

Diabetic control

288.8 ±5.0

296.4 ±5.1*

III

Glibenclamide
(2.5 mg/kg)

IV

Borassus flabellifer
flower ethanol
extract (200mg/kg)

298.3 ±6.2

285.1 ±7.0*

90.50 ±2.3

120 min
##

297.1 ±5.2*
271.3 ±9.3*

290.5 ±6.7 278.2 ±6.1* # 269.6 ±4.2*# #

90.86 ±1.8

240 min
##

291.3 ±4.1*
259.0 ±11.9*

94.4 ± 2.2

360 min

##

293.5 ±3.5*
#

258.2 ±5.4*

253.8 ±12.1*

##

250.8 ±5.1* # #

95.76 ±3.1# #
294.0 ±4.1*
236.9 ±11.8* # #
234.2 ±6.2* # #

*P< 0.01 Significant, compared to normal, #P< 0.05 &# #P< 0.01 Significant, compared to diabetic control.
n= no of animals in each group
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Fig. 2. Effect of Borassus flabellifer flower ethanol extract on the blood glucose concentration in diabetic rats (Single
dose treatment / acute study).

3.4 Effect of Borassus flabellifer Flower
Ethanol Extract on Blood Glucose in
Alloxan Induced Diabetic Rats [Multi
Dose (Sub-Acute) Treatment]
In sub-acute treatment, Borassus flabellifer flower ethanol
extract was administered for consecutive 15 days. After
administration of test samples the blood glucose level
of each animal was monitored on 0th, 5th, 10th and 15th
day. The initial anti-diabetic activity was observed on
5th day and continued to increase in all groups during
the experimental period (Table 3 and Fig. 3). During
the Multidose treatment, administration of ethanolic
extract (200mg/kg/day) causes a significant decrease of
21%,32% and 35% in blood glucose levels on 5th, 10th
and 15th day, respectively, when compared with diabetic
control group.

3.5 Effect of Borassus flabellifer Flower
Ethanol Extract on Serum Lipid Profiles
in Alloxan Induced Diabetic Rats [Multi
Dose (Sub-Acute) Treatment]
Hyperlipidemia is a common complication of alloxaninduced diabetes mellitus in experimental animals.
Serum lipid profiles study on day 15, reveals significant
Journal of Natural Remedies | ISSN: 2320-3358

changes in levels of serum cholesterol, triglyceride, LDL,
VLDL, and HDL. When compared to normal control
(Group I), serum Total Cholesterol (TC), Triglyceride
(TG), Low Density Lipoprotein (LDL) and Very LowDensity Lipoprotein (VLDL) increased and High Density
Lipoprotein Cholesterol (HDL) decreased diabetic
group animals (Group II). Treatment with ethanolic
extract of flower of Borassus flabellifer (200 mg/kg) and
Glibenclamide in hyperlipidemic rats for 15 consecutive
days, there was a significant decrease in serum lipids
(TC, TG, LDL and VLDL), while there was an marked
increase in HDL (Table 4).

3.6 Histopathological Studies
Histopathological examination of pancreas showed
(Fig. 4) comparable regeneration of Islets of Langerhans
and β cells by ethanolic extracts of Borassus flabellifer
flower and Glibenclamide, which were earlier, under
necroses due to alloxan. Fig. 5 (A-D) depicts the islets
of pancreas of rats in different groups. Photomicrographs
(A) of the normal control animals (Group I) showed
normal acini and normal cellular population of the
islets of langerhans. In diabetic animals (Group II)
there was extensive damage of the islets of langerhans
and they appeared to be irregular (B). Treatment with
www.informaticsjournals.org/index.php/jnr | Vol 16 (1) | Jan 2016
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Table 3: Effect of Borassus flabellifer flower ethanol extract on the blood glucose levels in
diabetic rats (Multi-dose treatment /sub acute study)
Exp. Group
(n= 6)

Treatment

Fasting blood glucose concentration (mg/dl) (mean ± S.E.M.)
0th Day

5th Day

10th Day

15th Day

I

Normal control
(1% gum acacia)

87.35±2.2

87.75±2.8 # #

87.35±2.3 # #

88.35±1.8 # #

II

Diabetic control

288.2±5.2

277.6±7.1**

268.3±4.2**

256.8±4.1**

III

Glibenclamide
(2.5 mg/kg)

300.3±6.9

IV

Borassus flabellifer
flower ethanol extract
(200 mg/kg)

292.3±6.0

222.3±12.3**

##

218.0±5.2** #

190.3±12.8**

##

183.5±9.4**# #

172.3±14.3** # #
166.5±7.3*# #

*P< 0.05 & **P< 0.01 Significant, compared to normal, #P< 0.05 &# #P< 0.01 Significant, compared to diabetic control.
n= no of animals in each group

Fig. 3. Effect of Borassus flabellifer flower ethanol extract on the blood glucose levels in diabetic rats (Multi dose
treatment /sub acute study).

Table 4: Effect of Borassus flabellifer flower ethanol extract on the Serum lipid profiles in diabetic rats after 15
days of treatment
Exp. Group
(n= 6)

Treatment

TGL mg/dl

HDL mg/dl

VLDL mg/dl

LDL mg/dl

Total Cholesterol
mg/dl

I

Normal control (1% gum acacia)

76.83 ± 2.0

50.3 ± 2.1

21 ± 0.9

18 ± 1.2

53.3 ± 2.5

II

Diabetic control

123 ± 2.7

35.2 ± 0.9

38.3 ± 1.7

39.7 ± 1.9

88.2 ± 2.9

III

Glibenclamide (2.5 mg/kg)

87 ± 2.3

47 ± 1.8

22.5 ± 1.2

21.2 ± 2.2

59.5 ± 1.7

IV

Borassus flabellifer flower ethanol
extract (200 mg/kg)

98.3 ± 2.3

41 ± 1.9

26 ± 1.8

28.3 ± 1.2

75.5 ± 2.2

*P< 0.05 & **P< 0.01 Significant, compared to diabetic control.
n= no of animals in each group
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Fig. 4. Histology of rat pancreas after 15 days of treatment with ethanol extract of Borassus flabellifer flowers.
A. Normal control rats showed normal pancreatic tissue, while
B. Alloxan-induced diabetic rats had severe decrease in number of islets of Langerhans cells and β cells
C. Pancreatic tissue of diabetic rats treated with Glibenclamide (2.5 mg/kg) and
D.	Ethanol extract of Borassusflabelliferflowers (200 mg/kg) showed partial restoration of normal cellular
population and size of islet cells

glibenclamide showed moderate expansion of cellular
population and size of islet cells (C). However, ethanol
extract (200 mg/kg) treated-diabetic rats showed partial
restoration of normal cellular population and size of islet
cells (D).

3.7 In-vitro Antioxidant (DPPH Free Radical
Scavenging) Activity
Several concentrations ranging from 10-1000μg/ml of
ethanol extract of flowers of Borassus flabellifer tested
for their antioxidant activity by DPPH model. It has
been observed that free radicals were scavenged in a
concentration dependent manner in this DPPH assay
(Table 5) with an IC50 value of 460μg /ml when compared
with Standard BHT (Butylated hydroxytolune) IC50
value of 419μg /ml.
Journal of Natural Remedies | ISSN: 2320-3358

4. Discussion
For a diabetic person controlling the blood sugar level
is of prime concern. As age increases, the effect of oral
hypoglycemic drugs to keep the sugar levels in normal
range decreases leading to complications. Medicinal
plants or herbal dugs are recommended and used in
several countries for the management of DM. These are
believed to be non-toxic; economic with better patient
compliance. Oxidative stress is one of the contributory
factors in the pathogenesis of diabetes. Diabetes, by itself,
increases the production of tissue damaging Reactive
Oxygen Species (ROS) by glucose auto-oxidation and /
or no enzymatic protein glycosylation2 Complications
of diabetes seem to be mediated by oxidative stress.
Hyperglycemia is one of the main causes of oxidative
stress in type-II diabetes. In hyperglycemia, increased
www.informaticsjournals.org/index.php/jnr | Vol 16 (1) | Jan 2016
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Table 5: DPPH scavenging activity of ethanol extract of Borassus
flabellifer flower
Concentration
(µg /ml)

DPPH scavenging (% inhibition)
Borassus flabellifer
Flower ethanolic extract

BHT
(Butylated hydroxytolune)

10

3.19%

20.08

50

18.76%

38.17

100

22.95%

59.64

250

38.52%

90.26

500

54.29%

97.22

1000

64.47%

95.23

IC50

460µg / mL

419 µg / mL

blood level promotes protein glycation and Advanced
Glycation End Products (AGEs). Reactive oxygen
species (ROS) are formed in this process and trigger
tissue damage. Recently, the progressive deterioration of
β cell function in type-II diabetes has been accounted for
oxidative stress-induced tissue damage17.
Overall results show that ethanol extract of Borassus
flabellifer flower possesses marked anti-hyperglycemic
activity by improvement of glucose tolerance test and
by lowering the blood glucose levels in alloxan-induced
diabetic rats in single dose (acute) and multi dose
(sub-acute) treatment study. The ethanolic extract and
Glibenclamide exhibited remarkable blood glucose
lowering effect in glucose tolerance test. The hypoglycemic
effect comparable to Glibenclamide suggested that the
active fractions may act by regenerating the β cells in
alloxan-induced diabetes18. Alloxan causes diabetes
through its ability to destroy the insulin producing β cells
of the pancreas. In vitro studies have shown that alloxan
is selectively toxic to the pancreatic β cells, causing cell
necrosis. The cytotoxic action of alloxan is mediated by
reactive oxygen species, with a simultaneous massive
increase in cytosolic calcium concentration, leading to a
rapid destruction of β cells19.
In the present study, damage of pancreas was
observed in alloxan-treated diabetic rats (Fig. 4B). The
glibenclamide-treated group showed regeneration of β
cells (Fig. 4C). The comparable regeneration was also
shown by ethanol extracts of Borassus flabellifer flowers
(Fig. 4D). Photomicrographs reinforce healing of pancreas
by the ethanolic extracts as a plausible mechanism of
their anti-diabetic activity. The anti-diabetic activity of
Journal of Natural Remedies | ISSN: 2320-3358

extract may be due to the presence of flavonoids and
tri-terpenoids. It is reported that flavonoids constitute
the active biological principles of most medicinal plants
with hypoglycemic and anti-diabetic properties20.
After Borassus flabellifer treatment, blood glucose,
TC, TG, LDL and VLDL of all tested rats were
significantly decreased and at the same time HDL was
increased. This provided evidence in favor of the view
that Borassus flabellifer could play an important role
in treating diabetic/hyperlipidemic patients. Many
current oral hypoglycemic or hypolipidemic agents are
synthetic drugs with certain adverse side effects21. Our
study reveals the potential of Borassus flabellifer for use
as a natural oral agent with both hypoglycemic and
hypolipidemic effects.
For determining the antioxidant activity of several
natural compounds, DPPH (1, 1-diphenyl -2-picryl
hydrazyl) radical was widely used. Plants constitutes a
rich source of antioxidants, which include tochopherols,
Vitamin C, phenolic compounds, carotenoids, flavonoids,
terpenoids, anthraquinones, steroids, strychnine and
eugenol alkaloids22,23. From data obtained, it may be
postulated that ethanolic extract of Borassus flabellifer
flower significantly (IC50 460 µg/mL) reduces the radical to
corresponding hydrazine (BHT - IC50 419 µg/mL), when
it reacts with hydrogen donors in antioxidant principles,
thus it can be concluded that Borassus flabellifer flower
ethanol extract has potent in-vitro antioxidant potential
which is attributed due to the presence of flavonoids and
triterpenoids like constituents present.
In certain chronic disease states, it is evident that
poor free radical scavenging effect as well as increased
www.informaticsjournals.org/index.php/jnr | Vol 16 (1) | Jan 2016
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production of ROS plays a crucial role. The chemical
changes occurring in almost all cellular components
are believed to be due to hyperactivity of free radicals,
resulting in lipid peroxidation. The development of
diabetic complications is attributed to the elevated
production of free radicals and oxidative stress24.
The oxidative stress is at significantly elevated level in
diabetic patients as compared to normal population.
With the quantum of evidence and data reported, it
can be convincingly put forth the correlation between
the damaging consequences of oxidative stress and
pathophysiology of diabetes25. Reduced insulin synthesis
and decrease in b cell mass are believed to be causative
factors for development of diabetes. In a study, the
antioxidants are found to regulate glycemic control by
protecting beta cell functions. Also it was observed that
there was no change in glucose tolerance in non diabetic
animals. From this it can be inferred that, antioxidants
increases the b cell mass and preserves insulin content26
α Lipoic acid, a non enzymatic antioxidant produced
endogenously, protects the insulin receptors from
harmful effects of oxidative stress, there by improves
glucose uptake through insulin apparently by modulating
insulin sensitivity.
It is conceivable that antioxidant/ free radical
scavenging activity of Borassus flabellifer flowers ethanol
extract is one of the mechanism associated with antidiabetic effect. The other mechanism is regeneration
and moderate expansion of cellular population and size
of islet of Langerhans and β cells by ethanol extracts of
Borassus flabellifer flowers. However, ethanol extract (200
mg/kg) treated-diabetic rats showed partial restoration
of normal cellular population and size of islet cells. These
results seem to confirm the alleged anti-diabetic activity
by the traditional medicine. However the extract should
further be subjected to bioactivity-guided drug discovery
to isolate the lead compound responsible for anti-diabetic
activity and possible mechanisms(s) of action.
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Abstract The purpose of the present research work was
to formulate, evaluate, and optimize self-emulsifying
orlistat tablet to enhance drug release followed by
in vivo antiobesity activity in Wistar rats. Initially, the
solubility of orlistat was determined in different natural
oils, surfactant, and co-surfactants. Self-emulsifying
drug delivery system (SEDDS) was prepared by using
castor oil, Tween 80, and Capryol PGMC as components. Liquid SEDDS evaluated for globule size and
emulsification time. A 32 full factorial design was utilized for the optimization purpose. Formulation variables
such as quantity of oil (X1) and ratio of surfactant to
co-surfactant (X2) were investigated for their effect on
globule size and emulsification time. Optimized formulation with minimum globule size was freeze-dried
which further compressed into the tablet. Finally, optimized formulation evaluated for the in vitro drug release
study followed by weight losing potential in Wistar rats.
Globule size and emulsification time for the optimized
formulation were found to be 96.4 ± 8.5 nm and 26
± 4 s, respectively. Fourier transform infra red spectroscopy (FTIR) studies indicated that there was no interaction between drug and excipients. Differential scanning
calorimetry (DSC) and X-ray diffraction (XRD) study
revealed that there was the conversion of crystalline
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orlistat to the amorphous form. Orlistat release from
the self-emulsifying tablet formulation was faster with
higher weight reduction potential in Wistar rats than
the marketed formulation. Increased in vitro drug release with considerable in vivo weight loss by selfemulsifying tablet suggests that the SEDDS could serve
as potential formulation strategy for orlistat.
Keywords Orlistat . Self-emulsifying drug delivery system
(SEDDS) . Freeze-drying . Self-emulsifying tablet

Introduction
Recently, self-emulsifying drug delivery system
(SEDDS) attracted substantial attention of the researchers due to its inbuilt ability to carry drug candidate in dissolved form/state at the site of absorption or
action, which is pre-requisite for the drug candidate to
be absorbed by biological membrane. SEDDS is defined
as an isotropic mixture of the oil, surfactant, and cosurfactant/solvent of natural or synthetic origin, which
may be in solid or liquid form. These are anhydrous
liquid mixtures called as pre-concentrates. SEDDS
spreads easily in the gastrointestinal tract whereas intestinal motility provides agitation, which results into the
self-emulsification. SEDDS is thermodynamically highly
stable system, which is able to form a spontaneous
emulsion. Therefore, SEDDS has emerged as the effective drug delivery system, which helps to enhance solubility and bioavailability of water-insoluble active
pharmaceutical ingredients [1–3]. SEDDS is reported to
have less inter- and intra-subject variability in plasma
drug level on administration. Self-emulsifying drug delivery system is one of the popular formulation
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strategies, which not only enhances the rate and extent
of absorption but also provides consistency in plasma
levels [4–7]. Due to the usage of lipids or lipoidal vehicles, it helped in enhancing solubility, dissolution by
providing the high interfacial area to the drug in between the oil and aqueous phase, i.e., gastrointestinal
fluids [8, 9]. Formulation point of view SEDDS involves very simple step of preparation; a major part of
development is to determine best composition of surfactant co-surfactant and oil components, which gives minimum globule size with good dispersion ability for unit
dose of drug substances [10]. The success of any drug
delivery involves in its commercial viability for scale up
purpose. SEDDS requires simple manufacturing equipment like simple stirrer and bulk filling tanks, which
is economic [11]. Nowadays, the poor aqueous solubility of the new chemical entities is a major problem,
which is common hurdle faced by formulation scientist
to achieve therapeutic need. The executions of combinatorial chemistry along with in vitro high throughput
screening have given a large number of the potent but
water insoluble therapeutics. To date, more than 30 %
of the highest selling brands of drugs and more than
70 % of the new chemical entities, which are coming
through high-throughput screening, are water insoluble
[12]. As part of advancement into the SEDDS, the trend
is being shifted from liquid emulsions to the solid emulsions or dry emulsions. Solid SEDDS is considered to
have high stability, good transportability, and lower production cost. Currently, orlistat is widely used as an
anti-obesity agent which is isolated from the streptomyces toxytricini and acts locally in the lumen of stomach
and in the small intestine of the gastrointestinal tract
which inhibits pancreatic lipase and gastric lipase. It is
waxy in nature, low melting point (44 °C), requires
specific storage condition (2–8 °C), and poor water solubility limited its performance [13]. The amount of
dissolved/released orlistat at the site of the action that
needs to be increased by formulating simple drug delivery system such as self-emulsifying orlistat tablet.
Hence, the objective of the present study was to formulate and evaluate self-emulsifying orlistat tablet. Firstly,
liquid SEDDS was prepared and optimized by
implementing 32 full factorial design based on the globule size and emulsification time. Effects of the independent variables such as quantity of oil (X1) and ratio of
the surfactant to co-surfactant (X2) on dependent variables were investigated. An optimized formulation was
freeze-dried, which converted into the tablet to maintain
the unit dose of orlistat. Here, the main intention behind
the conversion of liquid SEDDS to the solid selfemulsifying tablet was to achieve stability, patient compliance, and production reproducibility [14].

Material and methods
Materials
Orlistat was a gift from Biocon Ltd., Banglore. Capryol
PGMC was received as a gift sample from Gattefosse,
France. Kollophore EL, PEG 600, Kollisolve PEG 400,
Kollisolve PEG 300, Acrysol EL 135, and Acrysol
K150 were obtained from BASF India Limited,
Mumbai and Corel Pharma Chem, Ahmedabad as gift
samples. Avicel PH 102, Aerosil 200, and Plasdone F
29 were obtained as gift samples from Colorcon Pvt.
Ltd. Goa India. Tween 80, polyethylene glycol, Span
80, and Tween 20 were purchased from Himedia Ltd.
Mumbai. All the chemicals/reagents used were of analytical grade.
Saturation Solubility Determination
The solubility of orlistat in various oils, surfactants, and
co-surfactants was determined by shake flask method.
The various oils screened were olive oil, sesame oil,
castor oil, cottonseed oil, soya oil, corn oil, and peanut
oil and surfactants and co-surfactants like 300, Acrysol
EL 135, and Acrysol K150 [15]. An excess amount of
drug added to each vial containing 5 ml of selected
vehicle. These vials were vortexed manually and kept
in orbital shaking incubator (SAKOVA, scientific co.)
for 72 h at 37 ± 1 °C. After this, samples were subjected
for centrifugation at 10,000 rpm for 15 min (Plasto
crafts, industries (P) Ltd., Mumbai-Superspin R-V/FA)
from which supernatant was collected, diluted, and filtered through cellulose acetate membrane filter
(0.45 μm), and drug content was estimated by validated
UV spectrophotometric method (Inkarp—Sican 2301).
Construction of the ternary phase diagram
The concentration of oil, surfactant, and co-surfactant in
SEDDS was determined by plotting ternary phase diagram, which was helpful to identify the self-emulsifying
region with minimum globule size on dilution with water followed by gentle agitation. Trial batches were prepared by using castor oil, Tween 80, and Capryol
PGMC. Preliminary trial batches were prepared by varying concentration of the oil, surfactant, and co-surfactant
mixture ratio (9:1 to 1:9). Only batches with minimum
globule size were taken into consideration for ternary
phase diagram. The isotropic mixture (50 μL) added
in 50 ml of distilled water, followed by gentle stirring
by a magnetic stirrer. Finally, the prepared emulsions
were subjected for the globule size analysis. Mixtures,
which were clear, or slight turbid with minimum
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Table 1 Design layout for 32 full factorial experimental design along
with translation of coded levels to actual quantities

Preparation of liquid SEDDS

Batch code Variable levels in coded form Translation of coded levels

Based on the ternary phase diagram study, selected components were taken to prepare liquid SEDDS. Different ratios of
castor oil, Tween 80, and Capryol PGMC were tried to produce emulsions upon mixing with distilled water by simple
stirring. While preparing liquid SEDDS, orlistat was mixed
with Capryol PGMC followed by addition of tween 80 and
castor oil to the system. Plasdone F-29 (0.2 % w/v) was used
as a precipitation inhibitor. All batches were prepared with the
60 % w/v drug concentration. Further, globule size was measured by diluting 50 μL of prepared isotropic mixture with
50 ml of distilled water.

X1

X2

X1

X2

SO-1

−1

−1

15

75 (35/40)

SO -2

0

−1

15

80 (30/50)

SO -3
SO -4

+1
−1

−1
0

15
20

85 (25/60)
75 (35/40)

SO -5
SO -6

0
+1

0
0

20
20

80 (30/50)
85 (25/60)

SO -7

−1

+1

25

75 (35/40)

SO -8
SO -9

0
+1

+1
+1

25
25

80 (30/50)
85 (25/60)

Preparation of the solid SEDDS by freeze-drying method

−1 = low level, 0 = intermediate level +1 = high level

globule size (≤300 nm) were selected to determine
emulsion region [6].

Formulation and optimization studies for self-emulsifying
drug delivery system (SEDDS) by 32 factorial design
To formulate and optimize the liquid SEDDS of orlistat, a 32
factorial design was implemented. The role of independent
variables was investigated for their effect on dependent variables like globule size and emulsification time. Coded and
actual levels for independent factors are as indicated in
Table 1. Composition with minimum globule size considered
for optimization followed by freeze-drying. All nine batches
SO-1 to SO-9 prepared in triplicate. The multiple regression
data subjected for 3-D response surface methodology in
Statgraphics XVII to determine the effect of the quantity of
oil and ratio of surfactant and co-surfactant (s/co-s) on the
selected dependent variables. A statistical model incorporating interactive and polynomial terms used to calculate the
responses.
Y ¼ β0 þ β1X1 þ β2X2 þ β12X1X2 þ β11X1X1
þ β22X2X2

ð1Þ

Whereas Y is the dependent variable, β0 is the arithmetic mean response of the nine trials, and βi (β1, β2,
β12, β11, and β22) is the estimated coefficients for the
corresponding factor Xi (X1, X2, X12, X11, and X22),
which represents the average result of changing one
factor at a time from its low to high value. Change in
the response with respect to change in the level of a
factor was indicated by interaction terms (X1 X2). The
polynomial terms (X1X1 and X2X2) were included to
investigate nonlinearity.

Solid SEDDS were prepared by freeze-drying of the liquid
SEDDS, which was having minimum globule size. Freezedrying was carried out by using Alpha 1–2 LD plus freeze
dryer (CHRIST®) at a processing temperature of −52 °C and
vacuum 0.084 mbar. During freeze-drying, lactose (5 %) was
used as a cryoprotectant. Drug content was determined in
freeze dried SEDDS which was used for the preparation of
tablet [16, 17].
Characterization of liquid SEDDS
Globule size measurement and size distribution
The globule size was determined by using dynamic light scattering technique using particle size analyzer (Nanotrac R- 150
ULTRA, Microtrac Inc.). Liquid SEDDS (50 μL) was diluted
with 50 ml of the distilled water in a beaker for globule size
analysis. The Polydispersity Index (PDI) was checked to ensure the particle size distribution.
Freeze thawing
Thermal stability of formulation was studied at different temperatures. One freeze-thaw cycle consists of exposing formulation at −20, 1–4, and 40 °C for 24, 48, and 72 h. After freeze
thawing cycle, formulations were visually inspected for phase
separation or any sign of instability.
Microscopic observation of SEDDS
Microscopic images were captured for confirmation of the
shape of globules by using light microscope at ×100 power
(Trinocular microscope, Metzer optical instrument Pvt. Ltd.).
One drop of diluted SEDDS was placed on a glass slide and
observed under the microscope.
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Emulsification time

Characterization of solid SEDDS

It is a time required to achieve homogenous mixture upon
dilution. A fixed amount (1 g) of the isotropic mixture was
diluted with 200 ml of 0.1 N HCl at 37 °C with gentle agitation using magnetic stirrer. The time required for the formation
of homogenous mixture was recorded [6].

Globule size and zeta potential measurement on reconstitution

Measurement of optical clarity at 545 nm
The optical clarity was determined in terms of the absorbance,
which is measured at the 545 nm by using UV–Vis spectrophotometer against distilled water as blank. It gives the idea
about emulsification ability of different batches as well as the
chance of instability.
Transmission electron microscopy
The shape of the globules was determined by transmission
electron microscopy (TEM) (JEM-1200EX, Jeol, Japan).
The optimized SO-5 formulation was subjected for TEM analysis. A small amount of the liquid SEDDS spreads on a 200mesh copper grid followed by staining with uranyl acetate
(0.5 %) and kept for 30 s. The grid was dried at room temperature and observed under transmission electron microscope.

The globule size of reconstituted liquid SEDDS and
solid SEDDS was determined by using dynamic light
scattering technique using particle size analyzer
(Nanotrac R-150 ULTRA, Microtrac Inc.). The samples
were prepared by adding freeze-dried powder with
50 ml of the distilled water in a beaker by using magnetic stirrer. Liquid SEDDS and solid SEDDS were
been compared for Zeta potential.
Fourier transform infra red spectroscopy
The Fourier transform infra red spectroscopy (FTIR) spectrum
was recorded by using FTIR spectrophotometer (Shimadzu)
between the wave number 4000 and 400 cm−1 to detect the
structural or chemical changes in orlistat formulation.
Powder X-ray diffraction studies (PXRD)
The powder X-ray diffraction patterns of orlistat and freezedried solid SEDDS were recorded separately (Philips X-ray
diffractometer, PW-3710, Holland) and evaluated for polymorphic or crystalline change.

Centrifugation test

Differential Scanning Calorimeter (DSC-60)

Liquid SEDDS was diluted 1000 times with distilled water.
Further, 2 ml of diluted SEDDS was filled in Eppendorf’s tube
and centrifuged at 5000 rpm for 30 min, which was observed
visually for phase separation [18].

A differential scanning calorimeter (Make, Shimadzu)
equipped with an intracooler and a refrigerated cooling
system was used to analyze the thermal behavior of
freeze-dried orlistat. The samples were kept into the
hermetically sealed flat aluminum crucibles, and analysis was performed at a temperature range between 0 and
100 °C. The blank crucible was used as blank. Nitrogen
was purged at 30 ml/min through cooling unit, and
peaks obtained were analyzed for thermal changes in
solid SEDDS on freeze-drying.

In vitro drug release study
The in vitro drug release study was carried out by using
USP type II dissolution test apparatus (Electrolab).
Dissolution media consisted of 3 % SLS and 0.5 %
sodium chloride with pH 6.0 at a paddle speed of
75 rpm and temperature 37 ± 0.5 °C. All the batches,
SO-1 to SO-9, were evaluated for drug release property
by dialysis technique. In this, one end of pre-soaked
dialysis membrane (3.5 cm in length) was tied with
thread, and isotropic mixture equivalent to 60 mg of
orlistat was diluted with 2 ml of the dissolution medium
was placed into dialysis bag. Another end of dialysis
tubing was also tied with thread and allowed to rotate
freely into the 900-ml dissolution medium. Aliquots of
5 ml were removed at different time intervals (10, 20,
30, 45, and 60 min) and diluted further with phosphate
buffer of pH 8. Samples were analyzed by UV–visible
spectrophotometer [19, 20].

Scanning Electron Microscopy (SEM)
The shape and surface texture analysis was performed by
using scanning electron microscope (Jeol, JSM 6360, Japan)
at an original magnification of ×500. The sample of orlistat
and freeze-dried SEDDS were coated with gold in an argon
atmosphere by an ion sputter coater (Jeol, JSM 1260, Japan)
(current: 20 mv and time: 120 s).
In vitro drug release and dissolution profile comparison
Optimized SEDDS formulation and marketed formulation, i.e., capsules (OrLean 60-Eris lifesciences Pvt.
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dissolution between the two curves. Similarity factor
and dissimilarity factor were calculated by the following
equation [21, 22]:
X
X
Rt−
Tt
f1 ¼
 100
ð2Þ
X
Rt
h

i−0:5
 . X
 100 ð3Þ
ðRt−T t Þ2
f 2 ¼ 50  log 1 þ 1 n
Whereas
=Dissolution rate of marketed formulation at time t
= Dissolution rate of test product at time t.
≥50 considered as the two products are equivalent.

High-fat diet-induced antiobesity activity in Wistar rats
Fig. 1 Ternary phase diagram showing the composition of the three
components

Ltd.), were evaluated for the drug release in media with
reduced concentration of the sodium lauryl sulphate.
Dissolution media was consisted of 3, 2, and 1 % sodium lauryl sulphate (SLS) and 0.5 % sodium chloride
at a paddle speed of 75 rpm and temperature 37
± 0.5 °C. Main intension was to screen suitable dissolution media, which shows the maximum drug release at
minimal concentration of surfactant. In this, dissimilarity
factor (f1) and similarity factor (f2) were calculated to
compare dissolution profiles. Here, similarity factor is
one, which calculates the similarity in percent

Fig. 2 Solubility of orlistat in
(mg/ml) in various natural oils,
surfactants and co-surfactants

Male Wistar rats weighing about (≥150 g) were selected
for the study. All rats were housed in plastic cages in
room with controlled temperature of 25 ± 2 °C, 12:12 h
light/dark cycle with free access to water. Animals were
divided in five groups containing six animals in each
group. All groups were served with normal pellet chow.
Animals were acclimatized for 1 week before starting the
experiments. Institutional animal ethical committee approval was obtained prior to the study. All groups except
normal group were fed with the high-fat diet (condensed
milk 40 g + bread 40 g) and (chocolate 15 g + biscuits
30 g + dried coconut 30 g). High-fat diet was provided
for period of 40 days. The rats of the groups I were kept
as normal control, whereas group II was treated as disease
control. Groups III and IV were given 5 mg/kg orlistat
orally which was just given before feeding by oral gavage.
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Fig. 3 Influence of the independent variables on the dependent variables (globule size and emulsification time), response surface plots, pareto charts,
and main effect plot for the a globule size b emulsification time

Here, group III was treated with marketed orlistat formulation whereas group IV treated with self-emulsifying
orlistat tablet. Method of administration was same for
marketed and developed formulation. The treatment was
continued for 40 days. Test parameters like body weight
and abdominal circumference were measured on day 1,
then after each 10 days, and afterwards for 40 days.
Lipase activity was measured in all groups after 40 days
[23, 24]. The statistical significance was determined by
one-way analysis of variance (ANOVA) followed by

Tukey’s multiple comparison test. P value (P < 0.05) was
considered statistically significant.

Results and discussion
Saturation solubility determination
Saturation solubility of orlistat was investigated in different natural oils and non-volatile solvents. Solubility
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Fig. 4 Emulsion droplet size
distribution for SO-5 (a),
transmission electron microscopy
(b), and microscopic image of
liquid-SEDDS at 100X
magnification (c)

of orlistat was found to be more in castor oil (108.33
± 6.2 mg/ml), Tween 80 (47.05 ± 5.2 mg/ml), and
Capryol PGMC (906 ± 89 mg/ml) than other solvents,
as shown in Fig. 1, so these were selected as components of the emulsion.
Construction of the ternary phase diagram
To optimize and select a self-emulsifying region with
minimum globule size (<300 nm), the concentration of
the oil, surfactant, and co-surfactant in the isotropic mixture was determined by constructing a ternary phase diagram. The self-emulsifying property was identified visually which confirmed with minimum globule size after
size analysis by Nanotrac. The different trial batches with
a composition of oil, surfactant, and co-surfactant were
prepared (Fig. 2) [4].

Table 2

Formulation and optimization studies for SEDDS by 32
factorial design
All nine batches were evaluated for the effect of selected independent variables (X1, X2) on dependent variables such as
globule size and the emulsification time (seconds). Globule
size and emulsification time were obtained in the range of
96.4 ± 8.5 to 248.6 ± 29.8 nm and 58 ± 4 to 26 ± 4 s, respectively. From the results, it was concluded that selected dependent variables exhibited wide variation, so to evaluate variability in results, multiple regression analysis was performed.
Effect of independent variable on globule size
When obtained data was subjected to the regression
analysis, significant positive effect (β1 = 8.63) of the
quantity of oil on the globule size was observed,

Data shown for globule size (nm), polydispersity index (PDI), optical density at 545 nm, and emulsification time (s) (n = 3)

Batch
code

Quantity of oil (ml)

s/co-s (ml)

Globule size (nm)

Polydispersity
index (PDI)

Optical
density
at 545 nm

Emulsification
time (s)

SO-1

15

75 (35/40)

181 ± 18.5

0.58 ± 0.04

0.34 ± 0.05

47 ± 5

SO-2
SO-3
SO-4
SO-5
SO-6
SO-7
SO-8
SO-9

15
15
20
20
20
25
25
25

80 (30/50)
85 (25/60)
75 (35/40)
80 (30/50)
85 (25/60)
75 (35/40)
80 (30/50)
85 (25/60)

192 ± 15.4
163.1 ± 14
146.8 ± 12.8
96.4 ± 8.5
114.2 ± 10.9
208.5 ± 21.3
130.7 ± 12.1
248.6 ± 29.8

0.44 ± 0.03
0.54 ± 0.05
0.92 ± 0.07
0.54 ± 0.03
0.85 ± 0.06
0.35 ± 0.03
0.48 ± 0.05
0.76 ± 0.08

0.21 ± 0.02
0.17 ± 0.01
0.36 ± 0.02
0.25 ± 0.05
0.20 ± 0.03
0.35 ± 0.03
0.38 ± 0.03
0.47 ± 0.04

48 ± 6
43 ± 4
40 ± 3
26 ± 4
30 ± 3
50 ± 5
37 ± 4
58 ± 4
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whereas predominant negative effect (β2 = −1.75) of the
ratio of s/co-s was observed on the globule size. No
significant effect of both factors was observed at
P > 0.05. From the response surface plot, it was observed that there was a strong effect of the quantity of
oil on globule size. Length of the each bar in pareto
chart proportional to the t-statistic calculated for the
corresponding response. Bar length beyond the vertical
line indicates the significance of levels selected for independent variables, which supported the regression
analysis data in terms of graphics. In main effect plot,
the curved line indicated the main effect, which has a
bigger impact on the globule size than the others
(Fig. 3).

Globule Size ¼ 94:25 þ 8:63X1−1:75X2 þ 68:16X1 X1
þ 14:52 X1 X2 þ 37:31 X2 X2

ð4Þ

Emulsification Time ¼ 26:88 þ 1:16X1−1:0 X2 þ 15:16X1 X1 ð5Þ
þ 3:0 X1X2 þ 7:66X2X2

Effect of the independent variables on emulsification time
On regression analysis, it was revealed that there was
predominant positive effect of quantity of oil on the
globule size (β1 = 1.16) whereas predominant negative
effect of the ratio of s/co-s was observed on the globule
size (β2 = −1.00). No significant effect of both factors
was observed at P > 0.05. From the response surface
plot, it was observed that, as the quantity of the oil
increased, the emulsification time increased. Length of
each bar in pareto chart proportional to the t-statistic
calculated for a corresponding response. Bar length beyond the vertical line indicates the significance of levels
selected for independent variables, which supported the
regression analysis data in terms of graphics. In main
effect plot, the curved line indicated the main effect,

which had the high impact on the emulsification time
than the others (Fig. 3).

Characterization of liquid self-emulsifying drug
delivery system
Globule size measurement and size distribution
The globule size of the emulsion produced plays very
important role in rate and extent of the drug release. All
the batches (SO-1 to SO-9) of the liquid-SEDDS
showed globule size below 300 nm with polydispersity
index 0.4 to 0.6, indicating that globules were homogeneously dispersed in the dispersion (Fig. 4). The minimum globule size was observed in SO-5 batch, which
constitutes oil and surfactant in ratio 20:80. A negative
sign to the zeta potential indicated that there was sufficient repulsion among the globules which maintained
system stable and uniform [18]. It was observed that
the selected factors affect the globule size. Batches with
the maximum amount of Capryol PGMC showed lower
globule size (Table 2).
Freeze thawing
The test was performed to study the thermal stability of
formulations at different temperature conditions. No
phase separation was observed in all formulations (SO1 to SO-9) after freeze thawing. Formulations were observed visually for the instability, and it was confirmed
that formulation could withstand for thermal fluctuations.
Overall, stability of the formulation was found to be
acceptable.
Microscopic observation of SEDDS and TEM analysis
The formulated SEDDS was observed through a light microscope at ×100, and photos were taken for confirmation of their
shape. From the image, it has been observed that the globules
are nearly round in shape and uniform in size. The shape of the
prepared liquid SEDDS was determined by transmission electron microscopy Optimized SO-5 formulation showed spherical shape with size range in 50–100 nm which was depicted
in Fig. 4.
Emulsification time

Fig. 5 % cumulative drug release of all nine batches of liquid SEDDS
(SO-1 to SO-9)

All the formulations exhibited the minimum emulsification
time in the range of 26 ± 4 to 58 ± 4 s for all batches. It indicated that the prepared emulsions showed rapid emulsification
ability. Batches containing a higher amount of the oil showed
more emulsification time than other batches (Table 2).
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Table 3 Data shown for globule size (nm), zeta potential (mV), and
polydispersity index (PDI) (n = 3)

Characterization of solid SEDDS

Parameter

Liquid SEDDS

Solid SEDDS on
reconstitution

Globule size and zeta potential measurement
on reconstitution

Globule size

96.4 ± 8.5 nm

110 nm ± 12 nm

Zeta potential

−32.15 mV

−29.4 mV

PDI

0.54 ± 0.03

0.261 ± 0.05

Measurement of optical density at 545 nm
and centrifugation test
It was observed that the concentration of oil showed positive effect on the absorbance, as the oil concentration
increased the absorbance was found to be increased.
Globule size and optical density are found to be related
to each other as the globule size decreased optical density
found to be decreased. It gives the idea about emulsification ability of different batches as well as a chance of
instability. All nine batches showed very low (0.17 ± 0.01
to 0.47 ± 0.04) absorbance values, which indicated that
system was considerably clear. No sign of the phase separation was observed in diluted SEDDS on centrifugation
(Table 2).
In vitro drug release study for liquid SEDDS
Percentage cumulative drug released at the initial time
point (10 min) was found to be higher in SO-5 than the
marketed formulation. The SO-5 formulation showed
87.37 ± 5.92 and 99.38 ± 0.42 % drug release after 10
and 60 min time point, respectively. From the above
study, it was confirmed that the increased drug release
observed in SO-5 formulation than other formulations.
Increased dissolution was observed due to the solubilization effect of orlistat in the isotropic system of
SEDDS (Fig. 5), which is due to minimum size of
globules produced in this batch.

The globule size was determined by using dynamic light
scattering technique using particle size analyzer
(Nanotrac R-150 ULTRA, Microtrac Inc.), and the samples were prepared by adding freeze dried powder/tablet
to 50 ml of the distilled water in a beaker by using
magnetic stirrer. The Polydispersity Index (PDI) of liquid SEDDS and self-emulsifying orlistat tablet was
found to be 0.54 ± 0.03 and 0.261 ± 0.05, respectively,
which indicated narrow size distribution [14]. Globule
size of freeze-dried SEDDS was found to be 110 ± 12 nm,
which was nearly the same on reconstitution. Zeta potential for the liquid SEDDS and self-emulsifying orlistat
tablet on reconstitution was found to be −32.15 and
−29.4 mV, respectively (Table 3).
FTIR
The infrared spectrum for pure orlistat and freeze-dried
orlistat-loaded SEDDS was recorded. All the major
characteristic peaks of the drug were found present in
the SEDDS system, viz N–H (3327), C–N (1199), C═O
(1840), C═C (1523), C–H (2920), etc. This confirmed
that there was no any chemical interaction that took
place between drug and components used in emulsion
(Fig. 6).
PXRD
X-ray diffraction patterns of pure orlistat showed several sharp
peaks 18.5, 19.5, and 22.31 ± 02° 2θ which confirmed that the
orlistat used was pure. XRD was evaluated for any polymorphic or crystalline change in freeze-dried SEDDS. The p-XRD
study revealed that there was a reduction in the crystallinity of
freeze-dried SEDDS after formulation. The p-XRD study

Fig. 6 Fourier transform infra red spectroscopy (FTIR) spectra for the pure orlistat (upper) and freeze dried (lower)
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Fig. 7 Powder X-ray diffraction
studies (PXRD) spectra of
freeze-dried orlistat (a) and
orlistat (b)

showed crystalline to amorphous conversion of orlistat in
freeze-dried state, as shown in Fig. 7.

form uniform system upon reconstitution or dilution, which is
due to easy penetration of wetting liquid through porous surface [18, 21].

Differential scanning calorimeter
Differential scanning calorimeter (DSC) thermogram showed
a sharp endothermic peak at 42.77 °C, which indicated the
melting point of orlistat. It signifies that orlistat used was pure
and crystalline in nature. However, in case of freeze-dried
SEDDS, no sharp endothermic peak was observed. Hence, it
can be concluded that the orlistat might be converted from
crystalline to amorphous state when formulated into freezedried SEDDS, also orlistat might be dissolved into the excipients matrix (Fig. 8).
SEM
Scanning electron micrographs of orlistat and the freeze-dried
SEDDS were shown in Fig. 9. Small minute crystals of orlistat
were observed in Fig. 9a, whereas loss of crystallinity was
observed in Fig. 9b with smooth texture than Fig. 9a. This
suggested that the orlistat was molecularly distributed and
absorbed into the excipients matrix, which helps to form the
emulsion. The porous surface of freeze-dried SEDDS helps to
Fig. 8 Differential scanning
calorimeter (DSC) thermogram of
orlistat and freeze-dried SEDDS

Evaluation of self-emulsifying orlistat tablet for hardness,
disintegration time, friability study
Hardness, disintegration time, and % friability were found to
be well within the limit (data not shown).
In vitro drug release study and dissolution profile
comparison
Percentage cumulative drug released at the initial time
point (10 min) was found to be higher in SO-5 than the
marketed formulation. Self-emulsifying orlistat tablet
showed 90 ± 2.76 % drug release after 10 min time
point whereas marketed formulation showed 55 %.
Further, the drug release was increased to 99.53 % after
1 h for SEDDS while the marketed formulation has
shown only 93 % release in same period. This could
be due to the conversion of crystalline state to amorphous state; it required less energy for solubilization,
which resulted into the increased dissolution rate.
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Fig. 9 Scanning electron
microscopy (SEM) photographs
of (a) pure orlistat at
magnification ×500 and (b) freeze
dried sample at ×500

Additionally, it is evident from SEM results, which
showed that orlistat was molecularly dispersed into the
excipients matrix. Increased dissolution was observed
due to the solubilization effect of the orlistat in the
isotropic system of SEDDS (Fig. 10).

time point (10 min). The dissolution media with 1 % of
SLS was sufficient to screen the drug release (Fig. 10).
Therefore, it was indicated that the developed formulation showed increased drug release than the marketed
formulation, which confirmed that results of the newly
developed formulation were benchmark against the
marketed formulation.

Comparison of dissolution rate
Similarity and dissimilarity factors
Self-emulsifying orlistat tablet was compared with the
marketed formulation to evaluate similarity and dissimilarity in their dissolution profiles. It was observed that
the dissolution profile of the self-emulsifying orlistat
tablet and the marketed formulation was different from
each other. In case of self-emulsifying orlistat, tablet
formulation and marketed formulation similarity factor
(f2) were found to be 34 and dissimilarity factor (f1)
was found to be 23. It indicates that dissolution profile
of the self-emulsifying orlistat tablet formulation and
marketed formulation was found to be different from
each other. In vitro drug release was tested in media
containing reduced surfactant concentration. It was observed that the developed self-emulsifying tablet showed
more than 85 % drug release in media containing 1, 2,
and 3 % sodium lauryl sulphate (SLS) containing media
at initial time point. Marketed formulation showed approximately 15, 41, and 55 % of drug release at initial
Fig. 10 The in vitro drug release
profile of self emulsifying orlistat
tablet (a) and marketed capsule
formulation (b) in dissolution
media containing 1, 2, 3 % of the
sodium lauryl sulphate (SLS)

High-fat diet-induced antiobesity activity in Wistar
rats
From the measurement of the body weight and abdominal circumference, it was found that group treated with
only high-fat diet without treatment showed significant
(p < 0.05) increase in body weight (326.7 ± 7.4 g) as
well as abdominal circumference when compared with
normal control group. The group treated with the
marketed formulation (277 ± 7.2 g) showed significant
increase in body weight when compared with the normal group. Lipase activity was found to be minimal in
the group, which was treated with the developed formulation when compared with disease group (Fig. 11). In
addition, the groups treated with the self-emulsifying
orlistat tablet were found to be significantly different
from the diseased group (p < 0.05). From the above
study, it has been revealed that developed formulation
was found to be effective than the marketed formulation
(Table 4).
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Evaluation of Antiurolithiatic Potentials of
Hydro-Alcoholic Extract of Cucumis sativus L.
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ABSTRACT
Introduction: Cucumis sativus fruits are claimed for their antiurolithiatic activity in
traditional system of medicine. Materials and Methods: Present study was undertaken
to evaluate lithotryptic effect using hydro-alcoholic extract of Cucumis sativus (HCS).
Ethylene glycol (0.75% v/v) was used to induce calculi in Wistar albino rats. Assessed
various parameters like, Biochemical, Histopathological and routine urine analysis. Results:
Treatment with preventive and curative doses of HCS was found to exert dose dependent
antiurolithiatic action. Increased urine volume in HCS treated groups as compared to
diseased group was indicative of diuretic property. Elevated calcium, phosphate and
oxalate levels in diseased group animal were found to be decreased in animals treated with
HCS. Increased levels of serum creatinine, BUN and uric acid were considerably brought
down towards normal values in proportion to HCS doses administered. Histopathology of
kidney reveals severe renal damage due toperformed crystals. Animals treated with HCS
showed remarkable recovery, suggestive of prevention of nucleation and aggregation of
stone forming components. Conclusion: It can be concluded that, results are supportive
to claims made. The exact mechanism of antiurolithiatic effect may further needs to be
studied.
Key words: Cucumis sativus, Antiurolithiatic, Ethylene glycol (0.75 % v/v), Diuretic,
Cystone, Kidney stone.

INTRODUCTION
Urolithiasis is a third prevalent disorder
which affects the mankind from ancient
times. There are several types of kidney
stones but the most common are calcium
oxalate which represents the 80% of analyzed stones.1 Being a largely recurrent disease, kidney stone formation is having a
relapse rate of 50% in 5-10 years which is
observed to be 75% in 20 years. At present, kidney stone affects more in industrialized countries due to the change in lifestyle.
Metabolic disorders such as diabetes mellitus and obesity have resulted in formation
of uroliths among female population also.
Age group 20 to 40 is more prone for stone
formation.2 Stone formation is a complex
process and involves several physicochemical events which start with crystal nucleation, super saturation, aggregation, and

ending with retention within the urinary
tract.3 Super saturation of urine depends
upon factors such as pH of urine, concentration of stone forming constituents,
ionic strength and complex formation of
the constituents. An individual’s ability to
promote or prevent urolithiasis depends
upon various substances present in the
body which have effect on one or more
of the above factors.4 No promising allopathic drugs are available in the market to
dissolve or to remove the kidney stones.
Treatment options such as extracorporeal
shock wave lithotripsy (ESWL), percutaneous nephrostolithotomy (PCNL) and surgical procedures exist but these are expensive,
recurrence is quite common and not affordable to the needy poor.5 Present days, the
standard drugs used to treat urolithiasis are
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not effective enough in all the patients, and in several
conditions their long-term use becomes a difficulty.
Also the synthetic drugs are not free from their adverse
effects. Natural resources have gained attention among
people due to their proven clinical efficacy and better
patient compliance. In ancient literature, various drugs
have been mentioned and used to treat urolithiasis under
the name ‘Pashanbheda’. Numerous plants have been
studied for their antiurolithiatic potential. Tribulus terrestris, Crataeva nurvala and Dolichos biflorus showed significant antiurolithiatic activity.6 In present study an attempt
has been made to explore the potent indigenous plant
and emphasis on its use in prevention and treatment of
urolithiasis. Cucumis sativus Linn. Fruits are reported to
be useful in the treatment of renal calculus.7 However,
no scientific data are available to establish the antiurolithiatic property of fruits of Cucumis sativus Linn. Hence
the objective of present study is to screen and validate
the antiurolithiatic activity of hydro-alcoholic extract of
Cucumis sativus (HCS).

Acute Toxicity Studies

The acute oral toxicity study was carried out as per
guidelines No. 425 set by Organization for Economic
Cooperation and Development (OECD). The dose
2000 mg/kg body weight was selected as a starting dose
of hydro-alcoholic extract. The animals were monitored after dosing for initial 48 hr for mortality. Also the
changes in skin, fur, eyes and mucous membrane were
observed along with the behavior pattern followed by
specific observation for tremors and convulsions.8
Experimental protocol

MATERIALS AND METHODS
Adult male albino rats of Wistar strain (150-200 g) were
procured from Shri Venkateshwara Enterprises Bangalore. The experimental animals were housed in clean,
transparent poly propylene cages maintained at 25±2o
C with 12/12 h light and dark cycle. The animals were
acclimatized to the laboratory conditions for a week followed by random division of animals in eight groups (n
= 6). Animals were fed with standard rat chow and water
ad libitum. Institutional Animal Ethical Committee
(IAEC) approval (Resolution number KLECOPAEC/
Res.16 dated 20/04/2013) was obtained and care of the
animals was taken as per guidelines of CPCSEA.
Chemicals

Cystone (Himalaya Health Care, India) was procured
from the local market. Urocolour 10 Test Strips for routine urine analysis were procured from (SD Bio Standard Diagnostics) and ethylene glycol was obtained
from Qualigen Fine Chemicals, Mumbai, India. All
other chemicals and reagents used were of analytical
grade.
Preparation of Plant Extract

Cucumis sativus Linn (fruits) were collected from local
areas of Belgaum district in Karnataka, and were
authenticated by Scientist B, Regional Medical Research
Center, ICMR, Belgaum, and Karnataka, India. The herbarium was prepared and deposited in the herbaria bearing voucher specimen number RMRC-916 for selected
medicinal plant. Fruits of Cucumis sativus L. were shade
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dried at room temperature. The dried fruits were subjected to size reduction and then sieved through sieve
no.40 to get a coarse powder. Extraction was carried
out by cold maceration method using ethanol (95%)
and water in ratio of (70:30) with occasional stirring for
seven days. Further the extracts were filtered, combined
and filtrate was concentrated under reduced pressure
using rotary evaporator at 40oC to yield a semisolid mass
which was used for further investigations.

Ethylene glycol (0.75% v/v) was used to induce urolithiasis in rats. Cystone (750 mg/kg) was used as reference
standard. Experimental animals were divided into eight
groups containing six animals each. Group I served as
normal and received regular rat food and drinking water
ad libitum. Ethylene glycol (0.75% v/v) in drinking
water was fed to groups II served as disease for 28 days
to induce kidney stone. Group III received standard
antiurolithiatic drug Cystone from 15th day served as
standard curative (750 mg/kg b.w.). Group IV received
standard antiurolithiatic drug Cystone from day 1 and
served as standard preventive (750 mg/kg b.w.). Group
V served as curative regimen (CR) and received HCS
400 mg/kg b.w from 15-28 days. Groups VII, VIII, and
XI received HCS 100 mg/kg, 200 mg/kg, and 400 mg/
kg body weight respectively from the 1st day till 28th
day and served as preventive regimen (PR). All HCS
and standard drug doses were given once daily by oral
route.1-9
ASSESSMENT OF ANTI-UROLITHIATIC ACTIVITY
Collection and analysis of urine

The urine samples were collected on 14th and 28th day by
keeping the animals in metabolic polypropylene cages
for confirmation of stone formation. Animals had
free accesses to drinking water during urine collection
period. The volume of urine from each group of animal was measured. Further microscopy of the urine was
performed at 100 X using light electron microscope. A
drop of concentrated hydrochloric acid was added to
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the collected urine and stored at 40C. The urine was analyzed for calcium, phosphate and oxalate.
Change in body weight

The change in body weight of various groups in individual animal were taken and calculated by using initial
weight minus final body weight.
Microscopic study of urine

On 28th day, the urine collected was observed under
electron microscope at 40X for the presence of calcium oxalate and phosphate crystals. Photographs were
taken using a digital camera (12 megapixels) fixed on the
microscope.
Serum analysis

On the 29th day, the animals were anesthetized with
anesthetic ether and blood was collected from the retroorbital plexus under mild anesthesia. Serum was separated by centrifugation at 15,000 rpm for 10 min and
analyzed for calcium, uric acid, BUN and creatinine.
Kidney Homogenate Analysis

A sample of 100 mg of the dried kidney was boiled in
10 ml of 1N hydrochloric acid for 30 min and homogenized. The homogenate was centrifuged at 2000 rpm for
10 min and the supernatant was separated. The calcium,
phosphate, uric acid, and oxalate content in the kidney
homogenate were determined.
Histopathology of Kidney

The abdomen was cut open to remove both kidneys
from each animal. Isolated kidneys were rinsed in an icecold physiological solution, after the extraneous tissues
were removed. The right kidney was fixed in 10% neutral buffered formalin, processed in a series of graded
alcohol and xylene, embedded in paraffin wax, sectioned
at 5 µm and stained with hematoxylin and eosin (H and
E) for histopathological examination. The slides were
examined under a light microscope to study the architecture of the kidney and calcium oxalate deposits.10
Statistical Analysis

Results were expressed as mean ± SEM. Differences
among data were determined using one way ANOVA
followed by Dunnett’s multiple comparison tests (Graph
pad prism). P < 0.05 was considered to be statistically
significant.
RESULTS
The preliminary phytochemical study showed the presence of various bioactive secondary metabolites such
as steroids, alkaloids, flavonoids, saponins, tannins, ter-

penoids and glycosides. Acute toxicity study showed no
mortality, as well as any other toxic effects with a dose
of 2000 mg / kg body weight. 1/10th of the LD50 dose
was taken as therapeutic dose for antiurolithiatic activity. Decreased (p<0.001) urine excretion was observed
in calculi induced (Gr. I) rats as compared with normal
control (Gr. II) animals whereas a remarkable increase
(p<0.001) in diuresis was observed in animal treated
with standard Cystone (Gr. III). There was a significant (p<0.001) increase in urine volume in the animals’
treated with HCS as compared with Gr. II. The increase
was found to be dose dependent (Gr.VI > Gr. VII >
Gr. VIII) whereas HCS curative dose (Gr. V) shows
improved urine excretion as compared with Gr. II.
(Table 1)
A consistent (p< 0.001) increase in body weight was
recorded in the normal control group (Gr. I) animals, in
contrary a significant decrease (p< 0.01) in body weight
was observed in diseased group (Gr. II) from day 0 to
day 28. The animals treated with standard Cystone (Gr.
III and IV) showed a progressive gain in body weight
both in curative and preventive dose regimen whereas
there was no significant change in body weight in animals (Gr. V, VI, VII, and VIII) treated with HCS. This
supports the induction of kidney stone and therapeutic
efficacy of the standard drug and HCS as well. (Table 2)
Urine microscopy (Figure 1) reveals the presence of
characteristic shapes of the uroliths performed by
administering 0.75% v/v ethylene glycol in rats. In nor-

Table1:Effect of hydro-alcoholic extracts of
Cucumis sativus on Urine Volume
Group

Day 14 (mL)

Day 28(mL)

Normal

10.5 ± 0.71

11.33 ± 0.21

Calculi Induced

3.83 ± 0.31***

3.16 ± 0.30***

Std. Curative

6.83 ± 0.30# # #

10.17 ± 0.31# # #

Std. Preventive

7.16 ± 0.31# # #

9.5 ± 0.71# # #

CS Curative

6.67 ± 0.49# # #

8 ± 0.51# # #

CSPreventive-I

6.16 ± 0.31#

7 ± 0.44# # #

CS Preventive-II

6.5 ± 0.71#

8.33 ± 0.33# # #

CS Preventive-III

6.83 ± 0.60# #

8.83 ± 0.31# # #

*Compared with Normal, #Compared with Calculi Induced
* = P < 0.05, ** = P < 0.01, *** = P < 0.001:Significant as compared with calculi
induced
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mal control (Gr. I) animals kidney stones were absent;
while in diseased group (II) showed rectangular large
CaOX crystals. Animals treated with standard Cystone
(Gr. III and IV) showed no or almost dissolved fine
crystals. HCS treated groups showed significant dose
dependent activity, although finer fragments’ of kidney
stones were present in lower and medium dose regimen.
This can be inferred as; HCS has considerable preventive as well as curative effect with dissolution of kidney
stones.
In routine urine analysis, there was a marked increase in
the concentration of stone forming components such
as calcium, phosphate and oxalate which was decreased
in the animals treated with standard drug Cyst one and
HCS. HCS exhibits a dose dependent effect on lowering
the concentrations of calcium, phosphates and oxalates.
Thereby, inhibits formation of kidney stones. (Table 3)
Serum analysis showed elevated levels of creatinine,
uric acid and BUN in calculi induced animals (Gr. II) as
compared to normal control animals (Gr. I). Increased
levels of BUN, creatinine and uric acid causes nephritic
damage and impaired kidney function. This was prevented in the animals treated with Cystone and HCS,
and found to be dose dependent.
A significant increase (p<0.001) in the levels of calcium,
phosphate and oxalate was recorded in kidney homogenate analysis of diseased group animals (Gr. II) as

compared with normal control rats (Gr. II). Treatment
with Cystone and HCS showed marked decrease in the
levels of these stone forming components. However,
low dose of HCS (Group VI) showed poor activity as
compared with high dose (Gr. VIII)
In other urine parameters as shown in Table 4, a substantial increase in pH (8.66) of diseased group (Gr.
II) urine was recorded; on the contrary it was gradually
decreased to normal value in the animals treated with
standard drug Cystone and HCS (both preventive and
curative). All the groups showed absence of glucose
in urine. Also, other findings such as ketone bodies,
urobilirubin, nitrites etc. were statistically insignificant.
However, proteinuria was noted which was suggestive
of severe nephritic damage in diseased group (Gr. II).
A promising improvement was observed in the animals
treated with both Cystone and HCS.
Histopathology of kidney showed absence of renal calculi as well as associated deformities’ in normal control
(Gr. I) rats. In diseased group (Gr. II), calcium oxalate
crystal deposits were observed. This crystal deposition results in glomerular and peritubular congestion.
Also, blood vessel congestion, epithelial desquamation and cell inflammation was noted (Figure 2). The
CaOx depositions and related abnormalities occurred
were significantly reduced on treatment with standard
Cystone and HCS, where dose was crucial factor.

Table 2: Effect of hydro-alcoholic extractsof
Cucumis sativus on body weight
Group

Day 0 (gm)

Day 14 (gm)

Day 28 (gm)

Normal

173.5 ± 3.25

190.8 ± 2.86ns

212 ± 3.22***

Calculi
Induced

190.7 ± 5.5

176.5 ± 4.74ns

162.8 ± 3.79**

Std. Curative

201.8 ± 2.72

184 ± 3.43ns

191.5 ± 2.32ns

Std.
Preventive

191.7 ± 9.71

205.3 ± 8.61

217.2 ±
8.53###

CS Curative

189.5 ± 7.27

179.5 ± 7.15ns

190.7 ± 7.4ns

CS
Preventive I

195.2 ± 8.64

183.8 ± 7.44ns

192.3 ± 7.77ns

CS
Preventive II

189.5 ± 7.27

179.5 ± 7.15

185.8 ± 9.52ns

CS
Preventive III

195.2 ± 5.74

182 ± 7.64

189.5 ± 5.35ns

# Compared with calculi induced
*Compared with day 0		
ns - Compared with day 0
* = P < 0.05, ** = P < 0.01, *** = P < 0.001:Significant as compared with calculi
induced
ns – Non significant
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Figure 1: Urine Microscopy
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Table 3: Effect of hydro-alcoholic extracts Cucumis sativus (CS) on urine and serum parameters in
experimental animals
Group I

Group II

Group III

Group IV

Group V

Group VI

Group VII

Group VIII

normal

Calculi
Induced

Std.
Curative

Std.
Preventive

CS
Curative

CS
Prev. I

CS
Prev. II

CS
Prev. III

Calcium

4.6 ±
0.12

8.25***a
± 0.50

4.91 ±
0.20

5.26
± 0.09

5.46
± 0.12

6.07
± 0.15

5.9
± 0.13

5.5***b
± 0.13

Phosphate

145.0
± 1.6

348.2***a
±1.9

186
± 2.06

187
± 3.4

202.8
± 0.90

219
± 5.1

206.2
± 1.3

190.3**b
± 3.9

Oxalate

1.8
± 0.05

4.96***a
±0.09

2.06
± 0.07

2.06
± 0.11

2.56
± 0.05

2.65
± 0.05

2.18
± 0.11

2.31***b
± 0.1

BUN

24.17
± 0.31

40.17***a
± 0.40

26.8
± 0.40

25.83
± 0.70

29.5***b
± 0.76

34.33ns b
± 0.61

29.6
± 1.1

26.2***b
± 0.54

Creatinine

0.56 ±
0.01

0.90***a
± 0.01

0.58
±0.01

0.57
± 0.013

0.61***b
± 0.01

0.77
± 0.02

0.66
± 0.02

0.61**b
± 0.02

Uric acid

1.78
± 0.06

5.96***a
± 0.08

1.85
± 0.04

2.03
± 0.08

2***b ±
0.06

3.58*
± 0.14

2.53 ±
0.14

2.15***b
± 0.07

Calcium

5.48
± 0.18

11.6***a
± 0.24

6.45
± 0.08

6.48±
0.10

6.83
± 0.1

7.1*b
± 0.1

6.4**b
± 0.19

6.63**b
± 0.17

Phosphate

1.50
± 0.1

5.51***a
± 0.16

1.7
± 0.05

1.83
± 0.02

2.06
± 0.06

2.50
± 0.22

2.06
± 0.07

1.86***b
± 0.07

Oxalate

2.73
± 0.09

7.93***a
± 0.26

3.48
± 0.08

3.4 ±
0.10

3.73
± 0.12

3.9
± 0.09

3.81 ±
0.11

3.78***b
± 0.12

Parameters
Normal

Urine

Serum

Kidney
Homogenate

* = P < 0.05, ** = P < 0.01, *** = P < 0.001:Significant as compared with calculi induced ns = Not statistically significant
a = Compared with normal group,
b = compared with calculi induced group

Figure 2: Histopathology of kidney.

DISCUSSION
Induction of uroliths can be achieved by using various
stone forming agents such as ethylene glycol, ammonium oxalate, glycolic acid; sodium oxalate etc.3 In the
present study, 0.75% v/v ethylene glycol was administered orally for 14 days and till 28th day to induce
urolithiasis in the curative and preventive study group

animals respectively. Ethylene glycol thus administered
was metabolized into glycolic acid, glycooxalic acid,
oxalic acid and glycolaldehyde; which results in hyperoxalurea; a major risk factor in urolithiasis.11
Remarkable decrease in body weight confirms the induction of calculi in diseased group than normal control
animals. The progressive increase in urine output in the
animals treated with HCS indicates promising diuretic
activity which results in minimizing the concentration
of stone forming components thereby reducing the
chances of precipitation and formation of uroliths.10
The characteristic crystals were observed in microscopic
examination of urine. Enhanced substrate availability by ethylene glycol, facilitates activation of glycolate
oxidase; an oxalate synthesizing enzyme, which results
in increased oxalate production.12 Also, increased level
of stone forming components such as calcium, phosphates and uric acid forms a conducive environment for
nephrolithiasis. A significant difference was observed in
the size and quantum of crystals in the groups treated
with HCS with different dosage levels. In group V (Std.
Curative) and VIII (high dose Preventive) the amount
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Table 4:Effect of hydro-alcoholic extracts of Cucumis sativus on urine parameters.
Group I

Group II

Group III

Group IV

Group V

Group VI

Group VII

Group VIII

Normal

Disease
(Calculi
Induced)

Standard
Curative
(Cystone)

Standard
Preventive
(Cystone)

C. sativus
Curative

C. sativus
Preventive I

C. sativus
Preventive II

C. sativus
Preventive III

Blood
(RBC/µL)

AB

150 ± 44.7

1.66 ± 1.66

AB

3.33 ± 2.1

25 ± 11.18

6.66 ± 2.1

1.66 ± 1.66

Bilirubin

AB

0.83 ± 0.1

0.17 ± 0.10

0.17 ± 0.10

0.17 ± 0.10

0.66 ± 0.21

0.33 ± 0.16

0.25 ± 0.17

Urobilinogen

0.25 ± 0.15

1.0 ± 0

0.4 ± 0.18

0.7 ± 0.18

0.4 ± 0.18

0.7 ± 18

0.55 ± 0.20

0.55 ± 0.20

Ketone

1.66 ± 1.05

22.5 ± 8.7

1.66 ± 1.66

0.83 ± 0.83

0.83 ± 0.83*

10 ± 8.06

4.16 ± 2.0

2.5 ± 1.7

Protein

AB

20 ± 4.47

5±5

3.33 ± 2.1

3.33 ± 2.1

10 ± 4.47

6.66 ± 4.94

5±5

Nitrite

AB

0.91 ± 0.08

0.75 ± 0.17

0.75 ± 0.17

0.41 ± 0.20

0.41 ± 0.15

0.66 ± 0.16

0.75 ± 0.17

Glucose

AB

AB

AB

AB

AB

AB

AB

AB

pH

6.08 ± 0.23

8.66 ± 0.21

6.5 ± 0.18

6.75 ± 0.17

6.83 ± 0.10

7.41 ± 0.23

6.58 ± 0.23

6.41 ± 0.20

Specific
Gravity

1.002±
0.001

1.024 ±
0.0008

1.002 ±
0.001

1.005 ±
0.003

1.005 ±
0.003

1.018 ±
0.003

1.01 ±
0.0048

1.004 ±
0.0032

Leucocytes
(WBC/µL)

AB

41.67 ± 10.54

8.33 ± 5.27

8.33 ± 5.27

12.5 ± 12.5

29.17 ±
15.02

16.67 ±
12.36

8.33 ± 5.27

*Blood (RBC/µL) + 10, ++ 50, +++ 250;

**Leucocytes (WBC/µL) + 25, ++ 75, +++ 500,

of CaOX crystals were almost absent or dissolved or
inhibited the aggregation to a greater extent.
Urine flow gets obstructed due to the stones in the urinary system which results in decreased glomerular filtration rate. Reduced GFR, leads to accumulation of
nitrogenous waste products in blood causing severe
renal damage. This was supported by the observance
of proteinurea as shown in Table 4. Increase in urinary pH is the major factor in process of stone formation. In normal control group pH of urine was 6.08
whereas increase pH (8.66) in diseased group animals
was observed which results in formation of renal calculi. Presence of RBC’s and blood was due to severe
nephritic injury caused by the calculi formed which was
highest in diseased group animals. Animals treated with
HCS showed decrease in pH proportionate to the dose
administered.
Calcium, phosphate and oxalate have a crucial role in
litho-genesis.13 In calculi induced experimental animals,
urinary excretion and renal accumulation of these components was significantly increased. This may be attributed due to defective tubular reabsorption.14 Animals
S612

AB – No Color Change

treated with HCS [Both curative (Gr. V) and preventive
(Gr. VI < VII < VIII)] showed recovery in GFR which
is suggestive of potential clinical efficacy in the management of kidney stone
Serum parameters reveal remarkable elevation in the levels of BUN, creatinine and uric acid, depict glomerular
and tubular injury. Increased level of uric acid results in
absorption of glutamic acid and other organic constituents, which is a favorable condition for CaOX crystal
aggregation. Animals treated with HCS shows significant dose dependent recovery evident by decreased levels of BUN, creatinine and uric acid.15
Deposition of varied shapes of renal calculi was evident from the histopathology of kidney. The increased
level of calcium oxalate was believed to be the causative
factor in interstitial inflammation. HCS treated animals
exhibits lesser amount and sizes of stones, thereby protecting from renal injury.
CONCLUSION
It can be inferred from the observations made, that HCS
have the potential in preventing and curing the kidney
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stones. The effect was more promising in the highest
dose of HCS. The effect may be attributed to the lowering the concentration of stone forming components,
diuretic effect and inhibiting the process of lithogenesis,
thereby protecting from nephritic damage. The results
interpreted are in accordance and supportive to the
claims made in traditional system of medicine.
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SUMMARY

Cucumis sativus. Ethylene glycol (0.75 % v/v) was
used to induce calculi in Wistar albino rats. Standard drug cystone showed significant increase in
urine volume, absence of crystals, renal injuries
were less. Treatment with preventive and curative
doses of HCS was found to exert dose dependent
antiurolithiatic action
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Formulation and evaluation of self-emulsifying orlistat tablet
to enhance drug release and in vivo performance: factorial
design approach
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Abstract The purpose of the present research work was
to formulate, evaluate, and optimize self-emulsifying
orlistat tablet to enhance drug release followed by
in vivo antiobesity activity in Wistar rats. Initially, the
solubility of orlistat was determined in different natural
oils, surfactant, and co-surfactants. Self-emulsifying
drug delivery system (SEDDS) was prepared by using
castor oil, Tween 80, and Capryol PGMC as components. Liquid SEDDS evaluated for globule size and
emulsification time. A 32 full factorial design was utilized for the optimization purpose. Formulation variables
such as quantity of oil (X1) and ratio of surfactant to
co-surfactant (X2) were investigated for their effect on
globule size and emulsification time. Optimized formulation with minimum globule size was freeze-dried
which further compressed into the tablet. Finally, optimized formulation evaluated for the in vitro drug release
study followed by weight losing potential in Wistar rats.
Globule size and emulsification time for the optimized
formulation were found to be 96.4 ± 8.5 nm and 26
± 4 s, respectively. Fourier transform infra red spectroscopy (FTIR) studies indicated that there was no interaction between drug and excipients. Differential scanning
calorimetry (DSC) and X-ray diffraction (XRD) study
revealed that there was the conversion of crystalline
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orlistat to the amorphous form. Orlistat release from
the self-emulsifying tablet formulation was faster with
higher weight reduction potential in Wistar rats than
the marketed formulation. Increased in vitro drug release with considerable in vivo weight loss by selfemulsifying tablet suggests that the SEDDS could serve
as potential formulation strategy for orlistat.
Keywords Orlistat . Self-emulsifying drug delivery system
(SEDDS) . Freeze-drying . Self-emulsifying tablet

Introduction
Recently, self-emulsifying drug delivery system
(SEDDS) attracted substantial attention of the researchers due to its inbuilt ability to carry drug candidate in dissolved form/state at the site of absorption or
action, which is pre-requisite for the drug candidate to
be absorbed by biological membrane. SEDDS is defined
as an isotropic mixture of the oil, surfactant, and cosurfactant/solvent of natural or synthetic origin, which
may be in solid or liquid form. These are anhydrous
liquid mixtures called as pre-concentrates. SEDDS
spreads easily in the gastrointestinal tract whereas intestinal motility provides agitation, which results into the
self-emulsification. SEDDS is thermodynamically highly
stable system, which is able to form a spontaneous
emulsion. Therefore, SEDDS has emerged as the effective drug delivery system, which helps to enhance solubility and bioavailability of water-insoluble active
pharmaceutical ingredients [1–3]. SEDDS is reported to
have less inter- and intra-subject variability in plasma
drug level on administration. Self-emulsifying drug delivery system is one of the popular formulation
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strategies, which not only enhances the rate and extent
of absorption but also provides consistency in plasma
levels [4–7]. Due to the usage of lipids or lipoidal vehicles, it helped in enhancing solubility, dissolution by
providing the high interfacial area to the drug in between the oil and aqueous phase, i.e., gastrointestinal
fluids [8, 9]. Formulation point of view SEDDS involves very simple step of preparation; a major part of
development is to determine best composition of surfactant co-surfactant and oil components, which gives minimum globule size with good dispersion ability for unit
dose of drug substances [10]. The success of any drug
delivery involves in its commercial viability for scale up
purpose. SEDDS requires simple manufacturing equipment like simple stirrer and bulk filling tanks, which
is economic [11]. Nowadays, the poor aqueous solubility of the new chemical entities is a major problem,
which is common hurdle faced by formulation scientist
to achieve therapeutic need. The executions of combinatorial chemistry along with in vitro high throughput
screening have given a large number of the potent but
water insoluble therapeutics. To date, more than 30 %
of the highest selling brands of drugs and more than
70 % of the new chemical entities, which are coming
through high-throughput screening, are water insoluble
[12]. As part of advancement into the SEDDS, the trend
is being shifted from liquid emulsions to the solid emulsions or dry emulsions. Solid SEDDS is considered to
have high stability, good transportability, and lower production cost. Currently, orlistat is widely used as an
anti-obesity agent which is isolated from the streptomyces toxytricini and acts locally in the lumen of stomach
and in the small intestine of the gastrointestinal tract
which inhibits pancreatic lipase and gastric lipase. It is
waxy in nature, low melting point (44 °C), requires
specific storage condition (2–8 °C), and poor water solubility limited its performance [13]. The amount of
dissolved/released orlistat at the site of the action that
needs to be increased by formulating simple drug delivery system such as self-emulsifying orlistat tablet.
Hence, the objective of the present study was to formulate and evaluate self-emulsifying orlistat tablet. Firstly,
liquid SEDDS was prepared and optimized by
implementing 32 full factorial design based on the globule size and emulsification time. Effects of the independent variables such as quantity of oil (X1) and ratio of
the surfactant to co-surfactant (X2) on dependent variables were investigated. An optimized formulation was
freeze-dried, which converted into the tablet to maintain
the unit dose of orlistat. Here, the main intention behind
the conversion of liquid SEDDS to the solid selfemulsifying tablet was to achieve stability, patient compliance, and production reproducibility [14].

Material and methods
Materials
Orlistat was a gift from Biocon Ltd., Banglore. Capryol
PGMC was received as a gift sample from Gattefosse,
France. Kollophore EL, PEG 600, Kollisolve PEG 400,
Kollisolve PEG 300, Acrysol EL 135, and Acrysol
K150 were obtained from BASF India Limited,
Mumbai and Corel Pharma Chem, Ahmedabad as gift
samples. Avicel PH 102, Aerosil 200, and Plasdone F
29 were obtained as gift samples from Colorcon Pvt.
Ltd. Goa India. Tween 80, polyethylene glycol, Span
80, and Tween 20 were purchased from Himedia Ltd.
Mumbai. All the chemicals/reagents used were of analytical grade.
Saturation Solubility Determination
The solubility of orlistat in various oils, surfactants, and
co-surfactants was determined by shake flask method.
The various oils screened were olive oil, sesame oil,
castor oil, cottonseed oil, soya oil, corn oil, and peanut
oil and surfactants and co-surfactants like 300, Acrysol
EL 135, and Acrysol K150 [15]. An excess amount of
drug added to each vial containing 5 ml of selected
vehicle. These vials were vortexed manually and kept
in orbital shaking incubator (SAKOVA, scientific co.)
for 72 h at 37 ± 1 °C. After this, samples were subjected
for centrifugation at 10,000 rpm for 15 min (Plasto
crafts, industries (P) Ltd., Mumbai-Superspin R-V/FA)
from which supernatant was collected, diluted, and filtered through cellulose acetate membrane filter
(0.45 μm), and drug content was estimated by validated
UV spectrophotometric method (Inkarp—Sican 2301).
Construction of the ternary phase diagram
The concentration of oil, surfactant, and co-surfactant in
SEDDS was determined by plotting ternary phase diagram, which was helpful to identify the self-emulsifying
region with minimum globule size on dilution with water followed by gentle agitation. Trial batches were prepared by using castor oil, Tween 80, and Capryol
PGMC. Preliminary trial batches were prepared by varying concentration of the oil, surfactant, and co-surfactant
mixture ratio (9:1 to 1:9). Only batches with minimum
globule size were taken into consideration for ternary
phase diagram. The isotropic mixture (50 μL) added
in 50 ml of distilled water, followed by gentle stirring
by a magnetic stirrer. Finally, the prepared emulsions
were subjected for the globule size analysis. Mixtures,
which were clear, or slight turbid with minimum
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Table 1 Design layout for 32 full factorial experimental design along
with translation of coded levels to actual quantities

Preparation of liquid SEDDS

Batch code Variable levels in coded form Translation of coded levels

Based on the ternary phase diagram study, selected components were taken to prepare liquid SEDDS. Different ratios of
castor oil, Tween 80, and Capryol PGMC were tried to produce emulsions upon mixing with distilled water by simple
stirring. While preparing liquid SEDDS, orlistat was mixed
with Capryol PGMC followed by addition of tween 80 and
castor oil to the system. Plasdone F-29 (0.2 % w/v) was used
as a precipitation inhibitor. All batches were prepared with the
60 % w/v drug concentration. Further, globule size was measured by diluting 50 μL of prepared isotropic mixture with
50 ml of distilled water.

X1

X2

X1

X2

SO-1

−1

−1

15

75 (35/40)

SO -2

0

−1

15

80 (30/50)

SO -3
SO -4

+1
−1

−1
0

15
20

85 (25/60)
75 (35/40)

SO -5
SO -6

0
+1

0
0

20
20

80 (30/50)
85 (25/60)

SO -7

−1

+1

25

75 (35/40)

SO -8
SO -9

0
+1

+1
+1

25
25

80 (30/50)
85 (25/60)

Preparation of the solid SEDDS by freeze-drying method

−1 = low level, 0 = intermediate level +1 = high level

globule size (≤300 nm) were selected to determine
emulsion region [6].

Formulation and optimization studies for self-emulsifying
drug delivery system (SEDDS) by 32 factorial design
To formulate and optimize the liquid SEDDS of orlistat, a 32
factorial design was implemented. The role of independent
variables was investigated for their effect on dependent variables like globule size and emulsification time. Coded and
actual levels for independent factors are as indicated in
Table 1. Composition with minimum globule size considered
for optimization followed by freeze-drying. All nine batches
SO-1 to SO-9 prepared in triplicate. The multiple regression
data subjected for 3-D response surface methodology in
Statgraphics XVII to determine the effect of the quantity of
oil and ratio of surfactant and co-surfactant (s/co-s) on the
selected dependent variables. A statistical model incorporating interactive and polynomial terms used to calculate the
responses.
Y ¼ β0 þ β1X1 þ β2X2 þ β12X1X2 þ β11X1X1
þ β22X2X2

ð1Þ

Whereas Y is the dependent variable, β0 is the arithmetic mean response of the nine trials, and βi (β1, β2,
β12, β11, and β22) is the estimated coefficients for the
corresponding factor Xi (X1, X2, X12, X11, and X22),
which represents the average result of changing one
factor at a time from its low to high value. Change in
the response with respect to change in the level of a
factor was indicated by interaction terms (X1 X2). The
polynomial terms (X1X1 and X2X2) were included to
investigate nonlinearity.

Solid SEDDS were prepared by freeze-drying of the liquid
SEDDS, which was having minimum globule size. Freezedrying was carried out by using Alpha 1–2 LD plus freeze
dryer (CHRIST®) at a processing temperature of −52 °C and
vacuum 0.084 mbar. During freeze-drying, lactose (5 %) was
used as a cryoprotectant. Drug content was determined in
freeze dried SEDDS which was used for the preparation of
tablet [16, 17].
Characterization of liquid SEDDS
Globule size measurement and size distribution
The globule size was determined by using dynamic light scattering technique using particle size analyzer (Nanotrac R- 150
ULTRA, Microtrac Inc.). Liquid SEDDS (50 μL) was diluted
with 50 ml of the distilled water in a beaker for globule size
analysis. The Polydispersity Index (PDI) was checked to ensure the particle size distribution.
Freeze thawing
Thermal stability of formulation was studied at different temperatures. One freeze-thaw cycle consists of exposing formulation at −20, 1–4, and 40 °C for 24, 48, and 72 h. After freeze
thawing cycle, formulations were visually inspected for phase
separation or any sign of instability.
Microscopic observation of SEDDS
Microscopic images were captured for confirmation of the
shape of globules by using light microscope at ×100 power
(Trinocular microscope, Metzer optical instrument Pvt. Ltd.).
One drop of diluted SEDDS was placed on a glass slide and
observed under the microscope.
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Emulsification time

Characterization of solid SEDDS

It is a time required to achieve homogenous mixture upon
dilution. A fixed amount (1 g) of the isotropic mixture was
diluted with 200 ml of 0.1 N HCl at 37 °C with gentle agitation using magnetic stirrer. The time required for the formation
of homogenous mixture was recorded [6].

Globule size and zeta potential measurement on reconstitution

Measurement of optical clarity at 545 nm
The optical clarity was determined in terms of the absorbance,
which is measured at the 545 nm by using UV–Vis spectrophotometer against distilled water as blank. It gives the idea
about emulsification ability of different batches as well as the
chance of instability.
Transmission electron microscopy
The shape of the globules was determined by transmission
electron microscopy (TEM) (JEM-1200EX, Jeol, Japan).
The optimized SO-5 formulation was subjected for TEM analysis. A small amount of the liquid SEDDS spreads on a 200mesh copper grid followed by staining with uranyl acetate
(0.5 %) and kept for 30 s. The grid was dried at room temperature and observed under transmission electron microscope.

The globule size of reconstituted liquid SEDDS and
solid SEDDS was determined by using dynamic light
scattering technique using particle size analyzer
(Nanotrac R-150 ULTRA, Microtrac Inc.). The samples
were prepared by adding freeze-dried powder with
50 ml of the distilled water in a beaker by using magnetic stirrer. Liquid SEDDS and solid SEDDS were
been compared for Zeta potential.
Fourier transform infra red spectroscopy
The Fourier transform infra red spectroscopy (FTIR) spectrum
was recorded by using FTIR spectrophotometer (Shimadzu)
between the wave number 4000 and 400 cm−1 to detect the
structural or chemical changes in orlistat formulation.
Powder X-ray diffraction studies (PXRD)
The powder X-ray diffraction patterns of orlistat and freezedried solid SEDDS were recorded separately (Philips X-ray
diffractometer, PW-3710, Holland) and evaluated for polymorphic or crystalline change.

Centrifugation test

Differential Scanning Calorimeter (DSC-60)

Liquid SEDDS was diluted 1000 times with distilled water.
Further, 2 ml of diluted SEDDS was filled in Eppendorf’s tube
and centrifuged at 5000 rpm for 30 min, which was observed
visually for phase separation [18].

A differential scanning calorimeter (Make, Shimadzu)
equipped with an intracooler and a refrigerated cooling
system was used to analyze the thermal behavior of
freeze-dried orlistat. The samples were kept into the
hermetically sealed flat aluminum crucibles, and analysis was performed at a temperature range between 0 and
100 °C. The blank crucible was used as blank. Nitrogen
was purged at 30 ml/min through cooling unit, and
peaks obtained were analyzed for thermal changes in
solid SEDDS on freeze-drying.

In vitro drug release study
The in vitro drug release study was carried out by using
USP type II dissolution test apparatus (Electrolab).
Dissolution media consisted of 3 % SLS and 0.5 %
sodium chloride with pH 6.0 at a paddle speed of
75 rpm and temperature 37 ± 0.5 °C. All the batches,
SO-1 to SO-9, were evaluated for drug release property
by dialysis technique. In this, one end of pre-soaked
dialysis membrane (3.5 cm in length) was tied with
thread, and isotropic mixture equivalent to 60 mg of
orlistat was diluted with 2 ml of the dissolution medium
was placed into dialysis bag. Another end of dialysis
tubing was also tied with thread and allowed to rotate
freely into the 900-ml dissolution medium. Aliquots of
5 ml were removed at different time intervals (10, 20,
30, 45, and 60 min) and diluted further with phosphate
buffer of pH 8. Samples were analyzed by UV–visible
spectrophotometer [19, 20].

Scanning Electron Microscopy (SEM)
The shape and surface texture analysis was performed by
using scanning electron microscope (Jeol, JSM 6360, Japan)
at an original magnification of ×500. The sample of orlistat
and freeze-dried SEDDS were coated with gold in an argon
atmosphere by an ion sputter coater (Jeol, JSM 1260, Japan)
(current: 20 mv and time: 120 s).
In vitro drug release and dissolution profile comparison
Optimized SEDDS formulation and marketed formulation, i.e., capsules (OrLean 60-Eris lifesciences Pvt.
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dissolution between the two curves. Similarity factor
and dissimilarity factor were calculated by the following
equation [21, 22]:
X
X
Rt−
Tt
f1 ¼
 100
ð2Þ
X
Rt
h

i−0:5
 . X
 100 ð3Þ
ðRt−T t Þ2
f 2 ¼ 50  log 1 þ 1 n
Whereas
=Dissolution rate of marketed formulation at time t
= Dissolution rate of test product at time t.
≥50 considered as the two products are equivalent.

High-fat diet-induced antiobesity activity in Wistar rats
Fig. 1 Ternary phase diagram showing the composition of the three
components

Ltd.), were evaluated for the drug release in media with
reduced concentration of the sodium lauryl sulphate.
Dissolution media was consisted of 3, 2, and 1 % sodium lauryl sulphate (SLS) and 0.5 % sodium chloride
at a paddle speed of 75 rpm and temperature 37
± 0.5 °C. Main intension was to screen suitable dissolution media, which shows the maximum drug release at
minimal concentration of surfactant. In this, dissimilarity
factor (f1) and similarity factor (f2) were calculated to
compare dissolution profiles. Here, similarity factor is
one, which calculates the similarity in percent

Fig. 2 Solubility of orlistat in
(mg/ml) in various natural oils,
surfactants and co-surfactants

Male Wistar rats weighing about (≥150 g) were selected
for the study. All rats were housed in plastic cages in
room with controlled temperature of 25 ± 2 °C, 12:12 h
light/dark cycle with free access to water. Animals were
divided in five groups containing six animals in each
group. All groups were served with normal pellet chow.
Animals were acclimatized for 1 week before starting the
experiments. Institutional animal ethical committee approval was obtained prior to the study. All groups except
normal group were fed with the high-fat diet (condensed
milk 40 g + bread 40 g) and (chocolate 15 g + biscuits
30 g + dried coconut 30 g). High-fat diet was provided
for period of 40 days. The rats of the groups I were kept
as normal control, whereas group II was treated as disease
control. Groups III and IV were given 5 mg/kg orlistat
orally which was just given before feeding by oral gavage.
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Fig. 3 Influence of the independent variables on the dependent variables (globule size and emulsification time), response surface plots, pareto charts,
and main effect plot for the a globule size b emulsification time

Here, group III was treated with marketed orlistat formulation whereas group IV treated with self-emulsifying
orlistat tablet. Method of administration was same for
marketed and developed formulation. The treatment was
continued for 40 days. Test parameters like body weight
and abdominal circumference were measured on day 1,
then after each 10 days, and afterwards for 40 days.
Lipase activity was measured in all groups after 40 days
[23, 24]. The statistical significance was determined by
one-way analysis of variance (ANOVA) followed by

Tukey’s multiple comparison test. P value (P < 0.05) was
considered statistically significant.

Results and discussion
Saturation solubility determination
Saturation solubility of orlistat was investigated in different natural oils and non-volatile solvents. Solubility
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Fig. 4 Emulsion droplet size
distribution for SO-5 (a),
transmission electron microscopy
(b), and microscopic image of
liquid-SEDDS at 100X
magnification (c)

of orlistat was found to be more in castor oil (108.33
± 6.2 mg/ml), Tween 80 (47.05 ± 5.2 mg/ml), and
Capryol PGMC (906 ± 89 mg/ml) than other solvents,
as shown in Fig. 1, so these were selected as components of the emulsion.
Construction of the ternary phase diagram
To optimize and select a self-emulsifying region with
minimum globule size (<300 nm), the concentration of
the oil, surfactant, and co-surfactant in the isotropic mixture was determined by constructing a ternary phase diagram. The self-emulsifying property was identified visually which confirmed with minimum globule size after
size analysis by Nanotrac. The different trial batches with
a composition of oil, surfactant, and co-surfactant were
prepared (Fig. 2) [4].

Table 2

Formulation and optimization studies for SEDDS by 32
factorial design
All nine batches were evaluated for the effect of selected independent variables (X1, X2) on dependent variables such as
globule size and the emulsification time (seconds). Globule
size and emulsification time were obtained in the range of
96.4 ± 8.5 to 248.6 ± 29.8 nm and 58 ± 4 to 26 ± 4 s, respectively. From the results, it was concluded that selected dependent variables exhibited wide variation, so to evaluate variability in results, multiple regression analysis was performed.
Effect of independent variable on globule size
When obtained data was subjected to the regression
analysis, significant positive effect (β1 = 8.63) of the
quantity of oil on the globule size was observed,

Data shown for globule size (nm), polydispersity index (PDI), optical density at 545 nm, and emulsification time (s) (n = 3)

Batch
code

Quantity of oil (ml)

s/co-s (ml)

Globule size (nm)

Polydispersity
index (PDI)

Optical
density
at 545 nm

Emulsification
time (s)

SO-1

15

75 (35/40)

181 ± 18.5

0.58 ± 0.04

0.34 ± 0.05

47 ± 5

SO-2
SO-3
SO-4
SO-5
SO-6
SO-7
SO-8
SO-9

15
15
20
20
20
25
25
25

80 (30/50)
85 (25/60)
75 (35/40)
80 (30/50)
85 (25/60)
75 (35/40)
80 (30/50)
85 (25/60)

192 ± 15.4
163.1 ± 14
146.8 ± 12.8
96.4 ± 8.5
114.2 ± 10.9
208.5 ± 21.3
130.7 ± 12.1
248.6 ± 29.8

0.44 ± 0.03
0.54 ± 0.05
0.92 ± 0.07
0.54 ± 0.03
0.85 ± 0.06
0.35 ± 0.03
0.48 ± 0.05
0.76 ± 0.08

0.21 ± 0.02
0.17 ± 0.01
0.36 ± 0.02
0.25 ± 0.05
0.20 ± 0.03
0.35 ± 0.03
0.38 ± 0.03
0.47 ± 0.04

48 ± 6
43 ± 4
40 ± 3
26 ± 4
30 ± 3
50 ± 5
37 ± 4
58 ± 4
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whereas predominant negative effect (β2 = −1.75) of the
ratio of s/co-s was observed on the globule size. No
significant effect of both factors was observed at
P > 0.05. From the response surface plot, it was observed that there was a strong effect of the quantity of
oil on globule size. Length of the each bar in pareto
chart proportional to the t-statistic calculated for the
corresponding response. Bar length beyond the vertical
line indicates the significance of levels selected for independent variables, which supported the regression
analysis data in terms of graphics. In main effect plot,
the curved line indicated the main effect, which has a
bigger impact on the globule size than the others
(Fig. 3).

Globule Size ¼ 94:25 þ 8:63X1−1:75X2 þ 68:16X1 X1
þ 14:52 X1 X2 þ 37:31 X2 X2

ð4Þ

Emulsification Time ¼ 26:88 þ 1:16X1−1:0 X2 þ 15:16X1 X1 ð5Þ
þ 3:0 X1X2 þ 7:66X2X2

Effect of the independent variables on emulsification time
On regression analysis, it was revealed that there was
predominant positive effect of quantity of oil on the
globule size (β1 = 1.16) whereas predominant negative
effect of the ratio of s/co-s was observed on the globule
size (β2 = −1.00). No significant effect of both factors
was observed at P > 0.05. From the response surface
plot, it was observed that, as the quantity of the oil
increased, the emulsification time increased. Length of
each bar in pareto chart proportional to the t-statistic
calculated for a corresponding response. Bar length beyond the vertical line indicates the significance of levels
selected for independent variables, which supported the
regression analysis data in terms of graphics. In main
effect plot, the curved line indicated the main effect,

which had the high impact on the emulsification time
than the others (Fig. 3).

Characterization of liquid self-emulsifying drug
delivery system
Globule size measurement and size distribution
The globule size of the emulsion produced plays very
important role in rate and extent of the drug release. All
the batches (SO-1 to SO-9) of the liquid-SEDDS
showed globule size below 300 nm with polydispersity
index 0.4 to 0.6, indicating that globules were homogeneously dispersed in the dispersion (Fig. 4). The minimum globule size was observed in SO-5 batch, which
constitutes oil and surfactant in ratio 20:80. A negative
sign to the zeta potential indicated that there was sufficient repulsion among the globules which maintained
system stable and uniform [18]. It was observed that
the selected factors affect the globule size. Batches with
the maximum amount of Capryol PGMC showed lower
globule size (Table 2).
Freeze thawing
The test was performed to study the thermal stability of
formulations at different temperature conditions. No
phase separation was observed in all formulations (SO1 to SO-9) after freeze thawing. Formulations were observed visually for the instability, and it was confirmed
that formulation could withstand for thermal fluctuations.
Overall, stability of the formulation was found to be
acceptable.
Microscopic observation of SEDDS and TEM analysis
The formulated SEDDS was observed through a light microscope at ×100, and photos were taken for confirmation of their
shape. From the image, it has been observed that the globules
are nearly round in shape and uniform in size. The shape of the
prepared liquid SEDDS was determined by transmission electron microscopy Optimized SO-5 formulation showed spherical shape with size range in 50–100 nm which was depicted
in Fig. 4.
Emulsification time

Fig. 5 % cumulative drug release of all nine batches of liquid SEDDS
(SO-1 to SO-9)

All the formulations exhibited the minimum emulsification
time in the range of 26 ± 4 to 58 ± 4 s for all batches. It indicated that the prepared emulsions showed rapid emulsification
ability. Batches containing a higher amount of the oil showed
more emulsification time than other batches (Table 2).
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Table 3 Data shown for globule size (nm), zeta potential (mV), and
polydispersity index (PDI) (n = 3)

Characterization of solid SEDDS

Parameter

Liquid SEDDS

Solid SEDDS on
reconstitution

Globule size and zeta potential measurement
on reconstitution

Globule size

96.4 ± 8.5 nm

110 nm ± 12 nm

Zeta potential

−32.15 mV

−29.4 mV

PDI

0.54 ± 0.03

0.261 ± 0.05

Measurement of optical density at 545 nm
and centrifugation test
It was observed that the concentration of oil showed positive effect on the absorbance, as the oil concentration
increased the absorbance was found to be increased.
Globule size and optical density are found to be related
to each other as the globule size decreased optical density
found to be decreased. It gives the idea about emulsification ability of different batches as well as a chance of
instability. All nine batches showed very low (0.17 ± 0.01
to 0.47 ± 0.04) absorbance values, which indicated that
system was considerably clear. No sign of the phase separation was observed in diluted SEDDS on centrifugation
(Table 2).
In vitro drug release study for liquid SEDDS
Percentage cumulative drug released at the initial time
point (10 min) was found to be higher in SO-5 than the
marketed formulation. The SO-5 formulation showed
87.37 ± 5.92 and 99.38 ± 0.42 % drug release after 10
and 60 min time point, respectively. From the above
study, it was confirmed that the increased drug release
observed in SO-5 formulation than other formulations.
Increased dissolution was observed due to the solubilization effect of orlistat in the isotropic system of
SEDDS (Fig. 5), which is due to minimum size of
globules produced in this batch.

The globule size was determined by using dynamic light
scattering technique using particle size analyzer
(Nanotrac R-150 ULTRA, Microtrac Inc.), and the samples were prepared by adding freeze dried powder/tablet
to 50 ml of the distilled water in a beaker by using
magnetic stirrer. The Polydispersity Index (PDI) of liquid SEDDS and self-emulsifying orlistat tablet was
found to be 0.54 ± 0.03 and 0.261 ± 0.05, respectively,
which indicated narrow size distribution [14]. Globule
size of freeze-dried SEDDS was found to be 110 ± 12 nm,
which was nearly the same on reconstitution. Zeta potential for the liquid SEDDS and self-emulsifying orlistat
tablet on reconstitution was found to be −32.15 and
−29.4 mV, respectively (Table 3).
FTIR
The infrared spectrum for pure orlistat and freeze-dried
orlistat-loaded SEDDS was recorded. All the major
characteristic peaks of the drug were found present in
the SEDDS system, viz N–H (3327), C–N (1199), C═O
(1840), C═C (1523), C–H (2920), etc. This confirmed
that there was no any chemical interaction that took
place between drug and components used in emulsion
(Fig. 6).
PXRD
X-ray diffraction patterns of pure orlistat showed several sharp
peaks 18.5, 19.5, and 22.31 ± 02° 2θ which confirmed that the
orlistat used was pure. XRD was evaluated for any polymorphic or crystalline change in freeze-dried SEDDS. The p-XRD
study revealed that there was a reduction in the crystallinity of
freeze-dried SEDDS after formulation. The p-XRD study

Fig. 6 Fourier transform infra red spectroscopy (FTIR) spectra for the pure orlistat (upper) and freeze dried (lower)
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Fig. 7 Powder X-ray diffraction
studies (PXRD) spectra of
freeze-dried orlistat (a) and
orlistat (b)

showed crystalline to amorphous conversion of orlistat in
freeze-dried state, as shown in Fig. 7.

form uniform system upon reconstitution or dilution, which is
due to easy penetration of wetting liquid through porous surface [18, 21].

Differential scanning calorimeter
Differential scanning calorimeter (DSC) thermogram showed
a sharp endothermic peak at 42.77 °C, which indicated the
melting point of orlistat. It signifies that orlistat used was pure
and crystalline in nature. However, in case of freeze-dried
SEDDS, no sharp endothermic peak was observed. Hence, it
can be concluded that the orlistat might be converted from
crystalline to amorphous state when formulated into freezedried SEDDS, also orlistat might be dissolved into the excipients matrix (Fig. 8).
SEM
Scanning electron micrographs of orlistat and the freeze-dried
SEDDS were shown in Fig. 9. Small minute crystals of orlistat
were observed in Fig. 9a, whereas loss of crystallinity was
observed in Fig. 9b with smooth texture than Fig. 9a. This
suggested that the orlistat was molecularly distributed and
absorbed into the excipients matrix, which helps to form the
emulsion. The porous surface of freeze-dried SEDDS helps to
Fig. 8 Differential scanning
calorimeter (DSC) thermogram of
orlistat and freeze-dried SEDDS

Evaluation of self-emulsifying orlistat tablet for hardness,
disintegration time, friability study
Hardness, disintegration time, and % friability were found to
be well within the limit (data not shown).
In vitro drug release study and dissolution profile
comparison
Percentage cumulative drug released at the initial time
point (10 min) was found to be higher in SO-5 than the
marketed formulation. Self-emulsifying orlistat tablet
showed 90 ± 2.76 % drug release after 10 min time
point whereas marketed formulation showed 55 %.
Further, the drug release was increased to 99.53 % after
1 h for SEDDS while the marketed formulation has
shown only 93 % release in same period. This could
be due to the conversion of crystalline state to amorphous state; it required less energy for solubilization,
which resulted into the increased dissolution rate.
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Fig. 9 Scanning electron
microscopy (SEM) photographs
of (a) pure orlistat at
magnification ×500 and (b) freeze
dried sample at ×500

Additionally, it is evident from SEM results, which
showed that orlistat was molecularly dispersed into the
excipients matrix. Increased dissolution was observed
due to the solubilization effect of the orlistat in the
isotropic system of SEDDS (Fig. 10).

time point (10 min). The dissolution media with 1 % of
SLS was sufficient to screen the drug release (Fig. 10).
Therefore, it was indicated that the developed formulation showed increased drug release than the marketed
formulation, which confirmed that results of the newly
developed formulation were benchmark against the
marketed formulation.

Comparison of dissolution rate
Similarity and dissimilarity factors
Self-emulsifying orlistat tablet was compared with the
marketed formulation to evaluate similarity and dissimilarity in their dissolution profiles. It was observed that
the dissolution profile of the self-emulsifying orlistat
tablet and the marketed formulation was different from
each other. In case of self-emulsifying orlistat, tablet
formulation and marketed formulation similarity factor
(f2) were found to be 34 and dissimilarity factor (f1)
was found to be 23. It indicates that dissolution profile
of the self-emulsifying orlistat tablet formulation and
marketed formulation was found to be different from
each other. In vitro drug release was tested in media
containing reduced surfactant concentration. It was observed that the developed self-emulsifying tablet showed
more than 85 % drug release in media containing 1, 2,
and 3 % sodium lauryl sulphate (SLS) containing media
at initial time point. Marketed formulation showed approximately 15, 41, and 55 % of drug release at initial
Fig. 10 The in vitro drug release
profile of self emulsifying orlistat
tablet (a) and marketed capsule
formulation (b) in dissolution
media containing 1, 2, 3 % of the
sodium lauryl sulphate (SLS)

High-fat diet-induced antiobesity activity in Wistar
rats
From the measurement of the body weight and abdominal circumference, it was found that group treated with
only high-fat diet without treatment showed significant
(p < 0.05) increase in body weight (326.7 ± 7.4 g) as
well as abdominal circumference when compared with
normal control group. The group treated with the
marketed formulation (277 ± 7.2 g) showed significant
increase in body weight when compared with the normal group. Lipase activity was found to be minimal in
the group, which was treated with the developed formulation when compared with disease group (Fig. 11). In
addition, the groups treated with the self-emulsifying
orlistat tablet were found to be significantly different
from the diseased group (p < 0.05). From the above
study, it has been revealed that developed formulation
was found to be effective than the marketed formulation
(Table 4).
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References
1.

Conclusion
2.

Self-emulsifying orlistat tablet was successfully formulated via the self-emulsifiable liquid system by
implementing 32 full factorial design. Effect of independent variables such amount of oil (X1) and ratio of
surfactant to co-surfactant (X2) were investigated at
three levels on dependent variables like globule size
and emulsification time. Here, the quantity of oil
showed positive effect on the globule size whereas ratio
of s/co-s showed negative effect. The SO-5 batch formulation was found with minimum globule size and
emulsification time, i.e., 96.4 ± 8.5 nm and 26 ± 4 s, respectively. Optimized formulation was freeze dried and
converted into a tablet. Self-emulsifying tablet and
marketed formulation were evaluated and compared for
drug-releasing property. Self-emulsifying tablet showed
99.53 % drug release after 60 min time point whereas
marketed formulation showed only 39 %. Hence, it can
be concluded that the self-emulsifying drug delivery
system approach could serve as a better dissolution enhancement strategy to poorly water-soluble drugs.
Table 4 Data shown for effect developed formulation and marketed
formulation on body weight (nm), abdominal circumference (cm) and
lipase (IU) in Wistar rats (n = 6)
Group

Normal
Marketed
Disease
Self-emulsifying
tablet

Body
weight
(g)

Abdominal
circumference
(cm)

Lipase
(IU)

228.3 ± 2.7
277.0 ± 7.2
326.7 ± 7.4
219.7 ± 12.0

7.3 ± 0.1
11.5 ± 0.2
15.6 ± 0.1
7.5 ± 0.1

295.3 ± 3.1
348.7 ± 7.5
404.3 ± 1.2
283.3 ± 6.0

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

Gursoy RN, Benita S. Self-emulsifying drug delivery systems
(SEDDS) for improved oral delivery of lipophilic drugs. Biomed
Pharmacother. 2004;58:173–82.
Bali V, Ali M. Study of surfactant combinations and development
of a novel nanoemulsion for minimising variations in bioavailability of ezetimibe. Colloids Surf B: Biointerfaces. 2010;76:410–20.
Bhupinder S, Ramandeep S, Shantanu B, Rishi K. Optimized
nanoemulsifying systems with enhanced bioavailability of carvedilol. Colloids Surf B. 2013;101:465–74.
Pouton CW. Lipid formulations for oral administration of drugs :
non-emulsifying, self-emulsifying and Bself-microemulsifying^.
Drug Deliv Syst. 2000;2:93–8.
Kang BK, Lee JS, Chon SK, Jeong SY, Yuk SH, Khang G.
Development of self-microemulsifying drug delivery systems
(SMEDDS) for oral bioavailability enhancement of simvastatin in
beagle dogs. Int J Pharm. 2004;274:65–73.
Basalious EB, Shawky N, Badr-Eldin SM. SNEDDS containing
bioenhancers for improvement of dissolution and oral absorption
of lacidipine. I: development and optimization. Int J Pharm.
2010;391:203–11.
Lanlan W, Peinan S, Shufang N. Preparation and evaluation of
SEDDS and SMEDDS containing carvedilol. Drug Dev Ind
Pharm. 2005;31:785–94.
Hong JY, Kim JK, Song YK, Park JS, Kim CK. A new selfemulsifying formulation of itraconazole with improved dissolution
and oral absorption. J Control Release. 2006;110:332–8.
Arida A, Al-Tabakha M, Hamoury H. Improving the high variable
bioavailability of griseofulvin by SEDDS. Chem Pharm Bull.
2007;55:1713–9.
Atef E, Belmonte A. Formulation and in vitro and in vivo characterization of a phenytoin self-emulsifying drug delivery system
(SEDDS). Eur J Pharm Sci. 2008;35:257–63.
Sharma RK, Ali J. Potentials and challenges in selfnanoemulsifying drug delivery systems. Expert Opin Drug Deliv.
2012;1–13.
Cherniakov I, Domb AJ, Hoffman A. Self-nano-emulsifying drug
delivery systems: an update of the biopharmaceutical aspects.
Expert Opin Drug Deliv. 2015;12:1121–33.
Dolenc A, Govedarica B, Dreu R, Kocbek P, Stane S. Nanosized
particles of orlistat with enhanced in vitro dissolution rate and lipase
inhibition. Int J Pharm. 2010;396:149–55.
Patel J, Dhingani A, Garala K, Raval M, Sheth N. Quality by design
approach for oral bioavailability enhancement of irbesartan by selfnanoemulsifying tablets. Drug Deliv. 2014;21:412–35.

Drug Deliv. and Transl. Res.
15.

Bachhav YG, Patravale VB. Formulation, in vitro evaluation, and
stability studies. AAPS PharmSciTech. 2009;10:482–7.
16. Wang T, Deng Y, Geng Y, Gao Z, Zou J, Wang Z. Preparation of
submicron unilamellar liposomes by freeze-drying double emulsions. Biochim Biophys Acta. 1758;2006:222–31.
17. Chen Z, Zhao J, Wang L. Improved oral bioavailability of
poorly water-soluble indirubin by a supersaturatable selfmicroemulsifying drug delivery system. Int J Nanomedicine.
2012;1115–25.
18. Dash RN, Mohammed H, Humaira T, Ramesh D. Design, optimization and evaluation of glipizide solid self-nanoemulsifying drug
delivery for enhanced solubility and dissolution. Saudi Pharm J
King Saud Univ. 2015;528–40.
19. Patil P, Joshi P, Paradkar A. Effect of formulation variables
on preparation and evaluation of gelled Self-emulsifying
Drug Delivery System (SEDDS) of ketoprofen. AAPS
PharmSciTech. 2004;5:1–8.
20. Padmaja TK, Naidu PB. Antiobesity activity of bauhinia
purpurea extract : effect on hormones and lipid profile in

h i g h c a l o r i e d i e t i n d uc e d o b e s e r a t s . A d v B i o s c i
Biotechnol. 2014;5:861–73.
21. Gerbaix M, Metz L, Ringot E, Courteix D. Visceral fat mass
determination in rodent: validation of dual-energy X-ray absorptiometry and anthropometric techniques in fat and lean
rats. Lipids Health Dis. 2010;9:19.
22. Cavalli R, Caputo O, Eugenia M, Trotta M, Scarnecchia C,
Gasco MR. Sterilization and freeze-drying of drug-free and
drug-loaded solid lipid nanoparticles. J Pharm. 1997;148:47–
54.
23. Meena AK, Sharma K, Kandaswamy M, Rajagopal S, Mullangi R.
Formulation development of an albendazole self-emulsifying drug
delivery system (SEDDS) with enhanced systemic exposure. Acta
Pharma. 2012;62:563–80.
24. Hu X, Lin C, Chen D, Zhang J, Liu Z, Wu W, et al.
Sirolimus solid self-microemulsifying pellets : formulation
development, characterization and bioavailability evaluation.
Int J Pharm. 2012;438:123–33.

Biomedicine & Pharmacotherapy 84 (2016) 10–21

Available online at

ScienceDirect
www.sciencedirect.com

Original article

Synthesis, characterization, biocompatible and anticancer activity of
green and chemically synthesized silver nanoparticles – A comparative
study
Sivaiah Kummara, Mrityunjaya B. Patil* , Tiewlasubon Uriah
KLE University College of Pharmacy, Nehru Nagar, Belagavi, Karnataka, 590010, India

A R T I C L E I N F O

Article history:
Received 16 June 2016
Received in revised form 22 August 2016
Accepted 1 September 2016
Keywords:
Eco-friendly
Silver nanoparticles
Azadirachta indica
Skin dermal ﬁbroblast
Brine shrimp
Anticancer

A B S T R A C T

Silver nanoparticles (AgNPs) are superior cluster of nanomaterials that are recently recognized for their
different applications in various pharmaceutical and clinical settings. The objective of this work deals
with novel method for biosynthesis of AgNPs using Azadirachta indica (neem) leaf extract as reducing
agent. These bio and chemical synthesized nanoparticles were characterized with the help of UV–vis
Spectroscopy, Nanotarc, Dynamic light scattering (DLS), Zeta Potential (ZP), Transmission Electron
Microscopy and Fourier transform infrared spectroscopy (FTIR). The obtained results from Nanotrac and
TEM revealed that the synthesized AgNPs possess spherical shape with a mean diameter at 94 nm for
green and 104 nm for chemical method, the zeta potential values was 12.02 mV for green AgNPs and
10.4 mV for chemical AgNPs. In addition, FT-IR measurement analysis was conceded out to identify the
Ag+ ions reduced from the speciﬁc functional groups on the AgNPs, which increased the stability of the
particles. Further, we compared the toxicities of green and chemical AgNPs against human skin dermal
ﬁbroblast (HDFa) and brine shrimp followed by anticancer activity in NCI-H460 cells. We observed green
AgNPs cause dose-dependent decrease in cell viability and increase in reactive oxygen species (ROS)
generation. Further, we proved to exhibit excellent cytotoxic effect and induction of cellular apoptosis in
NCI-H460 cells. Furthermore, green AgNPs had no signiﬁcant changes in cell viability, ROS production
and apoptotic changes in HDFa cells. In contrary, we observed that the chemical AgNPs possess signiﬁcant
toxicities in HDFa cells. Hence, the green AgNPs were able to induce selective toxicity in cancer cells than
the chemical AgNPs. Furthermore, green AgNPs exhibit less toxic effects against human red blood cells
and brine shrimp (Artemia salina) nauplii than the chemical AgNPs. It was concluded, that apart from
being superior over chemical AgNPs, the green AgNPs are effective and safer to the milieu as they show
less toxic effect to normal cells and can be extensively applied in biomedical sciences particularly in
cancer ﬁeld.
ã 2016 Elsevier Masson SAS. All rights reserved.

1. Introduction
Natural greeneries are the monarch and socioeconomic source
of medicinal plants globally owing rich biodiversity of natural
products which can be sourced for developing drugs. Recently,
many such plants have been gaining much more importance due to
their unique constituents and their versatile applicability in
various developing ﬁelds [1]. Nanobiotechnology is presently
one of the most fascinating areas of research in modern material
science with structural features where natural plants and different
plant markers are found in the synthesis of NPs. In general

* Corresponding author.
E-mail address: patil9367@gmail.com (M.B. Patil).
http://dx.doi.org/10.1016/j.biopha.2016.09.003
0753-3322/ã 2016 Elsevier Masson SAS. All rights reserved.

scenario, particles with a size below 100 nm are denoted to as NPs
[2]. NPs of gracious metals like platinum, gold and silver are well
documented to have large applications in electronics, magnetic,
optical receptors and catalysts in chemical reaction [3]. One such
imperative element of the noble metal is silver. It has been used
since time to manage medical and pharmaceutical products and it
is involved directly encountered by human systems [4].
Recently, silver and silver nanoparticles (AgNPs) are widely
being applied to consumer products and medical uses [5,6]. They
are quickly gaining popularity for their multitude of uses. There are
many methods available for the synthesis of AgNPs such as
chemical [7], electrochemical [8], UV radiation [9], ultrasonic
ﬁelds, photochemical methods [10], aerosol technologies and
biological techniques [11]. As chemical synthesis is a well-known
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approach to the creation of AgNPs; however, it requires the use of
toxic chemicals as reducing and/or capping substances [12]. Most
of the reported methods comprise more than one additional step,
high energy consumptions, low material conversions, difﬁculty in
puriﬁcation, and unsafe chemicals [54,55]. The chemical synthesis
of NPs may lead to the presence of some toxic chemical species
adsorbed on that may have adverse effects in its application [13]. In
addition, the increased applications, human exposure to AgNPs has
been increased. It has been reported that AgNPs are translocated
into blood circulation and accumulated in some organs to cause
hepatotoxicity or renal toxicity when administered through oral,
inhalation or subcutaneously [14,15]. Due to the obvious disadvantages of the chemical reduction method, there is a need to
design an inexpensive, biocompatible and environmentally useful
route for synthesis of AgNPs in order to meet its growing demand
in diverse sectors. Biological processes with the use of economic,
efﬁcient and eco-friendly accelerator are gaining much importance
due to the beneﬁts associated with their use. The major advantage
of green synthesis of nanomaterials is their important role in
protecting the environment and also the synthesized particles are
stable [16]. Studies have shown that plant leaf extract of onion [17],
Banana peel [18], Cinnamomum camphora [19], Emblica ofﬁcinalis
[20], Aloe vera [21], Alfalfa roots [22] have already been used as a
reducing agents for the synthesis of metal nanoparticles. Previous
studies also reports successful synthesis of AgNPs through a green
route where the reducing and capping agent selected was the latex
obtained from Jatropha curcas, Crataegus douglasii fruit extract as
well as various other plant extracts as reducing agent [23–25].
Here, we have developed a rapid, eco-friendly and expedient
method for the synthesis of AgNPs from silver nitrate using leaf
extracts of Indian medicinal plant, namely, Azadirachta indica
(neem). In this study, the plant mediated synthesized AgNPs were
characterized and evaluated for their toxicity studies against
human skin dermal ﬁbroblast (HDFa) and brine shrimp toxicity
along with anticancer activity in NCI-H460 lung cancer cells.
Comparative studies were also performed between the toxicities of
the biosynthesized and chemical synthesized AgNPs.
2. Materials and methods
2.1. Chemicals
Silver nitrate 99%, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT), 2–70 dichlorodihydroﬂuorescein
diacetate (DCFH-DA), ethidium bromide (Et.Br), acridine orange
(AO), RPMI-1640 medium, trypsin/EDTA solution, fetal bovine
serum, glutamine-penicillin-streptomycin solution were purchased from Sigma Chemicals Co., St. Louis, USA. LSGS kit (fetal
bovine serum 2% v/v, hydrocortisone 1 mg/mL, human epidermal
growth factor 10 mg/mL, heparin 10 mg/mL and antibiotics)
(Catalogue No: S-003-10) and medium 106 (Catalogue No: M106-500), were procured from Cascade Biologics, Invitrogen cell
culture, USA. All other analytical solvents, deionized water and
sodium citrate were procured from Fisher Scientiﬁc, India.
2.2. Preparation of plant extract
Fresh leaves of Azadirachta indica (neem) were collected and
authenticated from the Regional Medical Research Center (ICMR)
with specimen No: RMRC-1255, Belagavi, Karnataka and India. For
the purpose of chosen Azadirachta indica (Neem) is a good Indian
medicinal plant, had well proved anti-oxidant, anti cancer, anti
microbial, antifungal and etc [52]. Because of that plant leaves
contains the active constituents includes alkaloids, ﬂavanoids,
carbohydrates and steroids etc [53]. The leaves were washed
thoroughly with distilled water and air dried. The dried leaves were
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crushed to get the coarse powder. 150 g of dried powder was boiled
in 1L Erlenmeyer ﬂask with 1L of demineralized water for 20 min
and were ﬁltered with ﬁlter paper, centrifuged at 10,000 rpm for
20 min to the removal of particulate matter and to get clear
solutions which were then refrigerated (4  C) in 250 mL Erlenmeyer ﬂasks for further experiments.
2.3. Preparation of silver nanoparticles (AgNPs)
The AgNPs were prepared by green synthesis with slight
modiﬁcations [26]. 50 mL of 2 mM silver nitrate (AgNO3) solution
was prepared and added drop wise in to the 1000 mL ﬂask
containing 500 mL of Azadirachta indica leaves extract on the
magnetic stirrer at 40  C with 200 rpm for 30 min. Then the whole
ﬂask was wrapped with aluminum foil and kept in dark place for
24 h. Colour change was observed after 24 h which turns yellowish
brown to thick brown colour, indicating that AgNPs were formed
from silver ions. The AgNPs were separated by centrifugation at
4  C with 14,000 rpm (round per minute) using (Kubota 6500,
Tokyo) high speed refrigerated centrifuge, and ﬁnally spectra was
checked by UV–vis spectroscopy. By chemical method the AgNPs
were prepared using sodium citrate as reducing agent and
stabilizer. 500 mL solution of 2 mM AgNO3 was prepared in
demineralized water and heated until it started to boil. 50 mL of 1%
sodium citrate solution was added dropwise to the AgNO3 solution
as soon as boiling started. The boiling was continued till the colour
of the solution slowly changes from colourless to grayish green
colour indicating that reduction of the silver ions to AgNPs has
occurred. Then a spectrum was checked by UV–vis spectroscopy.
2.4. Characterization of silver nanoparticles
The optical properties of AgNPs were determined by UV–vis
spectrophotometer (Sican 2301, Germany). After formation of
AgNPs, the spectras were taken between 350–500 nm at in
different time intervals up to 48 h. Nanotrac was used to measure
the average size and size distribution of the AgNPs, Dynamic Light
Scattering (DLS) Nano Zetasizer (Malvern Instruments Ltd, UK) was
used to measure the zeta potential of the AgNPs. The morphology
of the AgNPs was characterized by the Transmission Electron
Microscopy (TEM, Philips model CM 200, Tokyo, Japan), the
analysis samples were prepared and dropped on to the carboncoated copper grid, after drying the copper coated grid subjected
TEM analysis. Fourier Transform Infrared Spectroscopy (FTIR)
analysis was studied by using FTIR Spectrometer (Shimadzu-0815,
Japan). The dried powders were carried out in the range 4000–
400 cm1 using KBr pellet method.
2.5. In vitro cell viability and cytotoxicity assays
2.5.1. Cell culture
The study carried out on NCI-H460 non-small cell lung cancer
(NSCLC) cell line and human skin dermal ﬁbroblast cells (HDFa).
Lung cancer cells were obtained from National Centre for Cell
Science, Pune, India and cultured as monolayer in RPMI-1640
medium, supplemented with 10% fetal bovine serum (FBS),
penicillin and streptomycin. Human skin dermal ﬁbroblast cells
obtained from Invitrogen, Bioservices, USA and cells were cultured
as monolayer in medium 106, supplemented with LSSG kit in a
humidiﬁed atmosphere of 95% air and 5% CO2 at 37  C. Cells were
grown in 75 cm2 tissue culture ﬂasks and used for experiments
when in exponential growth phase.
2.5.2. Evaluation of cytotoxicity assay
The growth inhibitory activity of cells was determined by MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
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assay based on the detection of mitochondrial dehydrogenase
activity in the living cells [27]. Cells were grown (1 104 cells/well)
in a 96-well plate for 24 h with 80% conﬂuence. The old medium
was replaced with fresh medium containing serially diluted green
and chemical AgNPs and the cells were further incubated for 24 h.
After removing the culture medium after 24 h, 10 mL of MTT
solution (5 mg/mL in PBS) was added and again allowed for 4 h
incubation at 37  C toward colour reaction development. An equal
volume of DMSO was added to stop the reaction and to solubilize
the blue crystals. Absorbance was measured using a microplate
reader at a wavelength 570 nm (Multiskan Plate Reader, Thermo
Scientiﬁc, USA).

were used for the bioassay. Experiment was performed in 5 mL test
tube and 10 brine shrimps were introduced in to the test tube with
raw salt water. Parallel control (without AgNPs) was also included
for the experimental setup. Potassium dichromate was used as a
reference standard in this case. The numbers of survivors were
counted after 24 h. Shrimps (larvae) were considered dead if they
did not exhibit any internal or external movement during several
seconds of observation. The larvae did not receive food. To ensure
the mortality observed in the bioassay, we compared the dead
larvae in each treatment with the dead larvae in the control [28].
The mortality percent can be determined by the following
equation:

2.5.3. Determination of intracellular ROS generation by
spectroﬂuorimetric and ﬂuorescence microscopic methods
Lung cancer cells and human dermal ﬁbroblast cells were
incubated in the wells with different concentrations of green and
chemical AgNPs for 24 h. Fluorescent dye Dichloroﬂuorescin
Diacetate (DCFH-DA) was added to both the cells and kept in
incubator for 30 min. The cells were washed with PBS to remove
the excess dye. Intracellular ROS was measured by using a nonﬂuorescent probe dichloroﬂuorescin diacetate. This probe can
penetrate into the intracellular matrix of cells, where it is oxidized
by ROS to ﬂuorescent dichloroﬂuorescein. Fluorescent measurements were made with excitation and emission ﬁlters set at
485  10 and 530  12.5 nm, respectively (Shimadzu, RF-5301PC
Spectroﬂuorophotometer, USA). Fluorescence microscopic images
were taken using blue ﬁlter (450–490 nm) (Olympus, CKX41,
Japan).

Mortalityð%Þ ¼

2.5.4. Apoptotic morphological changes by acridine orange–ethidium
bromide dual staining method
Acridine orange and Ethidium bromide dual staining method
was adopted to differentiate condensed apoptotic or necrotic
nuclei from normal cells. The different concentrations of green and
chemical AgNPs treated with Lung cancer cells and human dermal
ﬁbroblast cells, were seeded in 6 well plate (3  104/well) and
incubated in a CO2 incubator for 24 h. The cells were stained with
1:1 ratio of acridine orange and ethidium bromide, and observed
under a ﬂuorescence microscope with a magniﬁcation of 40
(450–490 nm) (Olympus, CKX41, Japan). The number of cells
showing features of apoptosis was counted as a function of the
total number of cells present in the ﬁeld.

There are several physical and chemical methods that have
been used for the synthesis of AgNPs [29]. Conversely, prepared
AgNPs from physical and chemical methods are required at higher
concentration to enhance the toxicity of normal cells. The
development of green synthesis method is essential because it
provides cost effective, natural origin, eco-friendly environmentally responsive, less time, easy process and we took advantages of
neem plant for synthesis and application of AgNPs. Several plant
extracts have the potential to interact with metal ions reducing
them into metallic nanoparticles [25]. In the present work, we took
the advantages of active constituents present in the A. indica plant
extract for synthesis AgNPs and it was characterized and, evaluated
for their toxicity in in vitro conditions. AgNPs appear brown in
colour in aqueous medium as a result of surface plasmon vibrations
in the AgNPs [30]. Literature reveals that silver nanoparticles can
be synthesized by using wither synthetic or green reducing agent,
wherein the silver salt will be reduced to corresponding silver
nanoparticles. In the present investigation, Azadirachta indica
(Neem) which is well known to containing high antioxidant
principles was selected for synthesis of silver nanoparticles. These
antioxidants (ﬂavonoids, polyphenols, carbohydrates, and proteins) act as the green reducing agent to reduce silver nitrate to
corresponding silver nanoparticles
Here, we observed that AgNPs formed due to the reaction
between 2 mM of silver nitrate solution and A. indica leaf plant
extract and the colour change from yellow to brown. This colour
change provides a piece of evidence to support the green synthesis
of AgNPs can be easily visualized by the brown colour in aqueous
solution due to excitation of surface plasmon vibrations in AgNPs
(Fig. 1a-c). Whereas, the chemically synthesized AgNPs were
shown colour less to greenish gray colour from the reaction of
AgNO3 and sodium citrate as reducing agent. UV–vis spectroscopic
analysis showed the prepared green AgNPs possess a sharp band
which was observed in absorbance peak at 420 nm and chemical
synthesized AgNPs a sharp band observed at 430 nm (Fig. 2a&b).

2.5.5. Erythrocyte aggregation assay
Fresh blood was isolated and equal volume of phosphate buffer
solution and 10 mM Ethylene Diamine Triacetic Acid (EDTA) were

added and centrifuged at 3000 rpm for 10 min at 37 C. Erythrocytes were pelleted and washed twice in phosphate buffer
solution. The ratio of fresh erythrocytes (1:1) and different
concentrations of green and chemical AgNPs were added and
solution was incubated for 1 h at 37  C. After incubation the treated
samples were placed into glass slide for phase contrast imaging
(CKX41, Olympus, Japan).
2.5.6. Brine shrimp assay
The cytotoxic activity of the AgNPs was evaluated using Brine
shrimps (Artemia salina Leach) nauplii as test organism’s lethality
bioassay method. One liter capacity of glass jar containing 38 g of
raw salt in 1000 mL of distilled water. The jar (hatching chamber)
was ventilated constantly for 48 h at room temperature (25–30  C).
The seawater put in a hatching chamber and was adjusted with a
partition of dark (covered) and light areas. Shrimp eggs were added
into the dark side of the chamber while the lamp above the other
side (light) will attract the hatched shrimp. After hatching, active
free-ﬂoating nauplii was collected from bright illumination and

Number of dead Armanauplii
 100
Initial number of live Artemianauplii

2.6. Statistical analysis
Analytical determinations were made in triplicate. Statistical
analysis was performed using one way analysis of variance
(ANOVA) followed by Duncan’s Multiple Range Test (DMRT) by
using Statistical Package of Social Science (SPSS) version 11.5 for
windows. The values of anticancer study are given as means S.D.
for triplicate samples in each group. P  0.05 were considered as
level of signiﬁcance.
3. Results and discussion
3.1. Synthesis and characterization of AgNPs using leaf extract
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Fig. 1. Synthesis of AgNPs by using the leaves of Azadirachta indica (neem). The
ﬁgure shows tubes containing samples of AgNO3 after exposure to 60 min (a),
AgNO3 with the extracellular leaves extract of A indica (b), and AgNO3 plus
supernatant of leaves extract of A indica (c). Colour change during the
phytoreduction AgNO3 to AgNPs changes from light yellow to brown after 1 h
incubation.

The surface plasmon resonance bands are inﬂuenced by size,
shape, morphology, composition and dielectric environment of the
prepared metallic nanoparticles [31]. Nanotrac measurement was
used to determine the size of synthesized AgNPs in aqueous
solution. It has been noticed that the hydrodynamic size
distribution of AgNPs possess mean diameter at 94 nm for green
and 104 nm for chemical method (Fig. 3a&b). This size is larger
than the TEM data, owing the hydrodynamic size of nanomaterials.
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Previous reports suggest that average size of the green AgNPs from
(Malus domestica) red apple fruit extract was around 150 nm [32].
The sizes and morphology of AgNPs are depends on number of
factors, such as pH, concentration of reducing and AgNO3,
incubation time, temperature and the method of preparation
and categorization [33]. Zeta potential is a key analysis for
understanding the state of the nanoparticle surface and indicating
the enduring stability of the dispersed particles. Previous reports
conﬁrmed that the prepared nanoparticles with zeta potential
value greater than +25 mV or less than 25 mV typically have high
degree of stability. In particular, dispersed particles with a low zeta
potential values are inﬂuenced to eventually aggregate due to
inside particles interactions. Alternatively, the zeta potential of
AgNPs strongly depends on pH, conducts electricity and concentration of the dispersed particles [34]. Interestingly, our data
suggest that the zeta potential value 12.02 mV for green AgNPs
and 10.4 mV for chemical AgNPs (Fig. 4a&b). The result of zeta
potential values indicates that the biosynthesized AgNPs have a
moderate stability. Further characterization of accurate structural
size and morphology analysis of AgNPs was examined using TEM.
Fig. 5a the TEM images obtained by the reaction of 15% of leaf
extract and 2 mM silver nitrate solution clearly depicts that the
green AgNPs were mono-dispersed and spherical in shape. The
average diameter of the nanoparticles varies between 20 and
60 nm along with very few bigger particles (90 nm); while
chemical AgNPs indicates spherical shape and average diameter of
90 nm (Fig. 5b). Similarly, previous studies reported that synthesized AgNPs using O. scandens leaf extract shows almost monodispersed spherical shape at 20–60 nm along with very few greater
particles (maximum 90 nm) [35].
FTIR analysis is an eminent tool in understanding the functional
groups involves in the interactions between metal particles and
biomolecules. In the present study, FTIR measurements were
performed to identify the A. indica aqueous leafs extract
responsible for capping and stabilizing the AgNPs was shown in
Fig. 6a (i-iii). The FTIR spectrum of green AgNPs showed very
strong peak at 3490–3500 cm1 corresponds to O
H stretching Hbonded alcoholics and phenolic groups. A peak was visible of
AgNPs at around 1400–1550 cm1 which denotes the presence of
(N
H) aromatic secondary amine and attributed to the (NH)
stretching. The medium intense bands 1450 and 1500 cm1 may
correspond to the stretching vibrations of (C¼O) and (
C¼C)
respectively. The medium, intense and vibrational bands corresponding to bonds such as (C¼C) and (
C¼O) are derived from
the compounds such as ﬂavonoids and terpenoids that may be held

Fig. 2. UV–vis absorption spectrum of silver nanoparticles. From (a) A. indica plant extract, and (b) AgNO3. This ﬁgure authenticates that the absorption spectrum of AgNPs
exhibited a strong broad peak at 420 nm, and observation of such a band is assigned to surface plasmon resonance of the particles. The samples were collected and incubated
with 2 mM AgNO3. After the incubation period, the samples were visualized in UV–vis spectra.
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Fig. 3. Size distribution of: a: green synthesized AgNPs and b: chemically synthesized AgNPs by Nanotrac.

Fig. 4. Zeta potential measurement of a: Green synthesized AgNPs and b: chemically synthesized AgNPs by Dynamic Light Scattering (DLS).

Fig. 5. Size and surface morphology of a: green synthesized AgNPs and b: chemically synthesized AgNPs by TEM.

responsible for efﬁcient capping and stabilization of obtained
AgNPs. Similarly from the earlier reports, it was suggested that the
presence of proteins as ligand on the surface of the AgNPs in C.
camphora leaf extract are evidence for its stability [19]. In chemical
synthesis, the FT-IR spectra of sodium citrate AgNPs showed direct
band and broad band at 3224 and 3298 cm1corresponds to OH
stretch carboxylic acid group, a sharp band 1591 showed stretch of

H) bend primary amines (Fig. 6b (i-iii)).
(CC) aromatic and (N
This result suggests that sodium citrate interactions were not
properly bonded with the Ag+ ions and also their secondary
structure were affected during the reaction with Ag+ ion or after
binding with AgNPs. Puriﬁed and lyophilized silver nanoparticles
were directly weight to calculate the yield of the green synthesized
silver nanoparticles. It was observed that 75 g of Azadirachta indica
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Fig. 6. a Oaverlapped image of FT-IR spectrum of: i: Phyto-mediated AgNPs; ii: supernatant of leaves extract of A indica and iii: AgNO3. 6b. i: Chemically synthesized AgNPs; ii:
Tri sodium citrate and iii: AgNO3.

leaves coarse powder plant material and 170 mg of silver nitrate
yield 126 mg of Silver nanoparticles. Efﬁciency of the green silver
nanoparticles for various biomedical applications like antimicrobial, antifungal and anti-cancer properties depends on the particle
and stability characteristics of the synthesized silver nanoparticles.

In the present research, we have demonstrated synthesis of
silver nanoparticles via green and chemical method. In chemical
method, we use chemical reducing and stabilizing agent whereas
in green chemistry method, we use only plant extract which acts as
the reducing as well as stabilizing agent. Plant extract contains
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antioxidant principles (ﬂavonoids, polyphenols) which acts as the
reducing agent whereas proteins present in plant extract acts as
the coating/stabilizing agent. Present research describes the use of
synthetic agent which is far more expensive that green plant
extract used for synthesis of silver nanoparticles. Plant materials
are the rich source of antioxidant and are abundantly available
throughout the globe. These antioxidants act as the reducing
agents and proteins in the extract acts the capping/stabilizing
agent for synthesized silver nanoparticles whereas in chemical
method, we require synthetic chemicals reducing and stabilizing
agent which are relatively expensive when compared to plant
extracts.
Literature and practical experimentation reveals that silver
nanoparticles were isolated by using high speed refrigerated
centrifuge at 14,000 rpm, at 4  C for 20 min from the biomatrix
(extra plant extract and silver nanoparticles). After centrifuge there
was clear separation of silver nanoparticles which appeared as the
pellet at the side bottom of the centrifuge tube. Supernatant
obtained after centrifuge was discarded and the silver nanoparticles pellet was resuspended in deionized water and centrifuged as per the procedure described above. Nanoparticles were
washed thrice in centrifuge to ensure that the synthesized silver
nanoparticles are pure and uniform. Although literature suggests
that particles size can be controlled when silver nanoparticles are
synthesized by chemical method, but it is difﬁcult to control the
particle size by green chemistry method as it is mainly dependent
on the phytochemical proﬁle of the plant extract.
3.2. Dose-dependent cytotoxicity/cell viability of AgNPs in NCI-H460
and HDFa cells
The cell viability assay is one of the vital methods for nanotoxicology analysis which explain the cellular response to a toxic
material, and it can provide information on cell death, survival, and
metabolic activities [36]. Recently, it has been reported that the
plant mediated AgNPs using M. citrifolia root extract showed
cytotoxicity in a dose-dependent manner in human cervical cancer
(HeLa) cells than chemical AgNPs [37]. Earlier studies have
demonstrated that the green AgNPs using E. chapmaniana leaves
extract induced dose-dependent cytotoxic effect on human acute
promyelocytic leukemia (HL-60) [38]. In the present work, we
selected non-small cell lung cancer cells (NCI-H460) and HDFa
normal human skin ﬁbroblast cells for our study because entry
through the respiratory tract is one of the most frequent routes and
also HDFa cells are well suited for mechanistic and toxicological
studies by which nanomaterials may enter the body. Therefore, we
are interested to investigate whether normal cells (HDFa) and
cancer cells (NCI-H460) differentially respond to biosynthesis
AgNPs, to examine the effect of both the cells which were treated
with various concentrations (0–240 ppm) of AgNPs for 24 h, and
the results implied that AgNPs were able to reduce the cell viability
of NCI-H460 cells in a dose dependent manner (Fig. 7). The
treatment of 160, 200, and 240 ppm of A. indica mediated AgNPs
signiﬁcantly inhibited cell proliferation in NCI-H40 cells. In
particular, green AgNPs treatment at 240 ppm showed only 2%
cell viability in NCI-H40 cells. While comparing the effect of
nanoparticles on cell viability, the treatment of 160, 200, and
240 ppm of chemically synthesized AgNPs did not show signiﬁcant
(P  0.05) proliferation inhibition in NCI-H460 cells (Fig. 7).
Further, the most apparent and noticeable effect following
treatments of cells to A. indica mediated AgNPs is the alteration
in the cell shape or morphology of the cells. Fig. 9a shows
photomicrographs of MTT reduction capability of green AgNPs in
NCI-H460 cells. Our result shows that cytotoxicity was greatly
increased in cells when treated with 240 ppm of A. indica mediated
AgNPs than chemical AgNPs (Fig. 9a i-v) and (Fig. 10a).

Fig. 7. Effect of green and chemically synthesized AgNPs on percentage cell viability
in NCI-H460 cells. Cells were treated with green and chemically synthesized AgNPs
at different concentrations (0–240 ppm) for 24 h, and cytotoxicity was determined
by the MTT method. Data are mean  S.D from three independent experiments. *,
#
p < 0.05, **,##p < 0.01 signiﬁcantly different from control.

Further, we observed green AgNPs treatment at different
concentrations (0–240 ppm) has not impacted the% viability in
normal human skin ﬁbroblasts (HDFa) at the end of 24 h incubation
(Fig. 8). Fig. 11A shows photomicrographs of MTT reduction
capability of green AgNPs in HDFa cells. Our result shows that cell
viability was signiﬁcantly increased in H2O2 treated ﬁbroblasts
compared to the control and green AgNPs treated cells (Fig. 11A (iv)). Particularly, green AgNPs treatment at concentration 240 ppm
did not show any signiﬁcant change in HDFa cells. In contrast,
chemical AgNPs treatment at concentrations 120 and 240 ppm
showed a signiﬁcant toxicity in normal HDFa cells (Fig. 12a). In
agreement with our results, other researchers have reported that
cell viability signiﬁcantly reduced the inhibitory concentration
(IC50) of the green synthesized AgNPs was recorded at 30 mg/mL
against A549 cells and 60 mg/mL in normal cells. The toxicity effect
of AgNPs synthesized from C. collinus plant was checked out using
the normal cell HBL100. Previously, the AgNPs did not show any
toxic effects at lower concentrations and less cytotoxicity was
found at increased concentrations of AgNPs above 60 mg/mL [39].
Hence, the present study suggests that at least dosage, the A. indica
leaf extract interceded AgNPs can be used as anticancer and it’s not
harmful to the human beings as well as other living organisms. So
as per our results A. indica mediated AgNPs are potent because of
the treatment of 160, 200, and 240 ppm of A. indica mediated
AgNPs signiﬁcantly inhibited cell proliferation in lung cancer cells.
In particular, green AgNPs treatment at 240 ppm showed only 2%
cell viability in NCI-H460 cells. While comparing the effect of
nanoparticles on cell viability, the treatment of 160, 200, and
240 ppm of chemically synthesized AgNPs did not show signiﬁcant
(P  0.05) proliferation inhibition in NCI-H460 cells (Fig. 7).
3.3. Effect of AgNPs on intracellular ROS generation in NCI-H460 and
HDFa cells
Although the exact mechanism underlying NPs toxicity is yet to
be explicated, many studies have evoked that oxidative stress and
lipid peroxidation regulate the NPs-stimulated DNA single strand
breaks, cell membrane disruption, and apoptosis. Several studies
have indicated that cytotoxicity of AgNPs can induce oxidative
stress by increase in the production of ROS and triggering of the
cellular antioxidant mechanisms [40]. It has been established that
biological AgNPs generated O2  and H2O2 provided evidence that
induced oxidative stress in root tissue of A. cepa that might have
led to the cancerous cell death comparable to chemically
synthesized AgNPs [41]. The present study, intracellular ROS
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Fig. 9. Photomicrographs show the effect of green and chemically synthesized AgNPs on: a: MTT reduction capability; b. intracellular ROS generation by DCFHDA staining; c:
apoptotic morphology changes by ethidium bromide and acridine orange staining in NCI-H460 cells. i: control (untreated cells) ii: green AgNPs 120 ppm iii: green AgNPs
240 ppm iv: chemical AgNPs 120 ppm and v: chemical AgNPs 240 ppm.

levels was detected by using 2–70 dichlorodihydroﬂuorescein
diacetate (DCFH-DA) assay. It is a ﬂuorescence probe and entered
the cells by penetrating the cell membrane to form DCFHDA to
non-ﬂuorescent DCFH by the action of cellular esterase enzyme.
Under the stimulation of intracellular ROS, the DCFH would be
converted into ﬂuorescent DCF thereby emitting a bright ﬂuorescence which is recorded by ﬂuorescence microscope and spectroﬂuorimetry method.
In the present study we observed ﬂuorescence microscopic
images were weak in ROS generation in the untreated NCI-H460
cells. Green synthesized AgNPs (120 ppm) treatment showed
signiﬁcant ROS production and a further enhanced ROS generation
was found in 240 ppm of green AgNPs treated NCI-H460 cells.
Further, microscopic observations of chemical AgNPs (120 and
240 ppm) treated cells did not show signiﬁcant ROS generation in
NCI-H60 cells (Fig. 9b (i-v)). Fig. 10b shows the levels of ROS
generation in green and chemical synthesized AgNPs in NCI-H460
cells by spectroﬂuorimetry. Green AgNPs (120 ppm) treatment

signiﬁcantly increased ROS level in NCI-H460 cells. Among all the
doses tested, 240 ppm of green AgNPs showed the maximum
generation of ROS levels (78.41%) compared to chemical AgNPs
(36% in ROS) treated in NCI-H460 cells. Therefore, excessive
production of ROS in the NCI-H460 cells might induce apoptosis.
Our studies proved evidence for a molecular mechanism of green
synthesized AgNPs inducing production of ROS, and it could be one
of the factors for apoptosis. Previous studies have shown that
AgNPs could induce ROS generation in MDA-MB-231 human breast
cancer cells [42] and human Chang liver cells [43].
Additionally, the present study also focussed to measure
intracellular ROS generation in HDFa human skin ﬁbroblasts cells.
For comparison, HDFa cells were treated with a characteristic ROS
generating agent, H2O2 (1 mM), as a positive control. The
ﬂuorescence microscopic images showed that there was no
signiﬁcant change in the intracellular ROS generation, as evidenced
by uniform DCF ﬂuorescence in green AgNPs treated groups (120
and 240 ppm). Further, microscopic observations of chemical

Fig. 10. Effect of green and chemically synthesized AgNPs on: a: Percentage of cell viability; (b) ﬂuorescence intensity (ROS generation) and (c) apoptosis in NCI-H460 cells.
Values are given as means  S.D. of six experiments in each group. Bars not sharing the common superscripts differ signiﬁcantly at p < 0.05 vs. control (DMRT).
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Fig. 8. Effect of green and chemically synthesized AgNPs on percentage cell viability
in HDFa cells by MTT assay. Data are mean  S.D from three independent
experiments. ***p < 0.05, signiﬁcantly different from control.

AgNPs (120 and 240 ppm) treated cells showed signiﬁcant ROS
generation in HDFa cells (Fig. 11B (v and vi)). Fig. 12 shows the
changes in the levels of intracellular ROS was signiﬁcantly higher in
H2O2 treated ﬁbroblasts compared to the control and green AgNPs
treated cells. Chemical AgNPs treatment showed signiﬁcantly
increased in the intracellular ROS levels in HDFa cells (Fig. 12b).
Taken together, all these results indicate that cell death is mediated
by ROS production in NCI-H60 cells, which might alter the cellular
redox position, and it is a probable cause for apoptosis. Whereas
green synthesized AgNPs could inhibit the generation of ROS in
HDFa cells, which may also be scavenge free radicals, activated or
enhanced the antioxidant defenses of the target cells to produce a
marked protective effect than chemically synthesized AgNPs.
3.4. Effect of AgNPs on apoptotic morphological changes in NCI-H460
and HDFa cells
Green AgNPs inhibited cell proliferation and increased ROS
levels in NCI-H460 cells were associated with profound induction
of cell apoptosis. In this study, we used ﬂuorescent DNA speciﬁc
binding dyes such as AO and EtBr to bind with different stages of
apoptosis and necrosis. We conﬁrmed that green AgNPs promoted
apoptosis in NCI-H460 cells. Fluorescence microscopic observation
of green AgNPs treated NCI-H460 cells showed apoptotic features

with condensed or fragmented chromatin, indicative of apoptosis.
Control cells showed evenly distributed AO stain (green ﬂuorescence) with no morphological changes whereas green AgNPs (120)
treated cells showed apoptotic morphological features and showed
ethidium bromide ﬂuorescence due to membrane damage in NCIH460 cells (Fig. 9c i–ii). After treatment with green AgNPs
(240 ppm), NCI-H460 cells showed squashed nuclei, membrane
escape and absolute apoptotic bodies (orange ﬂuorescence) (Fig. 9c
iii). Further, microscopic observations of chemical AgNPs (120 and
240 ppm) treated cells did not show signiﬁcant apoptotic
morphological features (Fig. 9c (iv & v)). Fig. 10c shows the
percentage of apoptosis. We observed 48.05% and 99.98% apoptotic
cells in 120 and 240 ppm of green AgNPs treated NCI-H460 cells,
respectively, whereas chemical AgNPs treatment showed only 10%
and 28.12% apoptotic cells in 120 and 240 ppm, respectively.
Notably, the features of apoptotic stages present in the cells
incubated with green synthesized AgNPs were more evident
compared to chemically synthesized AgNPs.
Furthermore, we evaluated the effect of green AgNPs on
apoptosis in normal ﬁbroblast cells. The ﬂuorescence photomicrographs of apoptotic morphological changes in control cells (Fig. 11C
(i)) shows evenly distributed green ﬂuorescence (AO stain) in
human skin ﬁbroblast (HDFa) cells. H2O2 treatment showed
signiﬁcant apoptotic morphological features in HDFa cells
(Fig. 11C (iv)) but no signiﬁcant apoptotic features were detected
in treatment with green AgNPs in cells (Fig. 11C (ii & iii)). In
contrast, chemical AgNPs treated cells under the ﬂuorescence
microscope clearly showed apoptotic morphological features and
stained Etbr ﬂuorescence due to membrane damage after 24 h
treatments. Number of apoptotic and viable cells in the microscopic ﬁelds were counted and% apoptotic cells calculated (Fig. 11C
(v&vi)). There were no signiﬁcant change in% apoptotic cells in the
control and green AgNPs treated cells (Fig. 12c). We observed 98.12,
70.06 and 72.47% apoptotic cells in H2O2 (1 mM), as a positive
control, and 120 and 240 ppm of chemical AgNPs treated ﬁbroblast
(HDFa) cells, respectively. Therefore, the results from this study
suggest that biogenic AgNPs could cause cell-speciﬁc apoptosis in
cancer cells. In agreement with previous reports AgNPs in Jaft
extract and dispersed AgNPs in puriﬁed water have no signiﬁcant
apoptotic bodies at their lower concentration on normal cell lines
and signiﬁcant morphological features of apoptosis were observed
in MCF-7 cells [44]. Additionally, it has been observed that the

Fig. 11. Photomicrographs show the effect of green and chemically synthesized AgNPs on: A: MTT reduction capability; B. intracellular ROS generation; C: apoptotic
morphology changes in HDFa cells. i: control (untreated cells) ii: green AgNPs 120 ppm iii: green AgNPs 240 ppm iv: H2O2 treated v: chemical AgNPs 120 ppm and vi: chemical
AgNPs 240 ppm.
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Fig. 12. Effect of green and chemically synthesized AgNPs on: (A) Percentage of cell viability, (B) ﬂuorescence intensity (ROS generation) and (C) apoptosis in HDFa cells.
Values are given as means  S.D. of six experiments in each group. Bars not sharing the common superscripts differ signiﬁcantly at p < 0.05 vs. control (DMRT).

effect of AgNPs which were synthesized from Ficus Benjamina
leaves (green synthesis) which was administered to normal body
cells (HEK293) and cervical cancer cells (HeLa) in vitro to evaluate
its speciﬁc apoptotic potential in cancer cells [45]. Recently, the
green synthesized of AgNPs using honey bee extract has been
proved that the biogenic AgNPs were safer on the peripheral blood
mononuclear cells (PBMC). On the other hand, it has been reported
that green synthesized of AgNPs induced apoptosis in human colon
cancer cells through down-regulation of Bcl-2 gene [46]. More
recently, it has been reported that synthesize of the AgNPs using
the leaf extract of Artemisia princeps showed the multidimensional

effect on human lung (L132) and lung carcinoma (A549) cells.
These studies revealed that AgNPs induced mitochondrialmediated apoptosis in A549 cells; on the contrary, AgNPs had
no vital effects on L132 cells which is similar to our present
ﬁndings, describes comprehensively effects of AgNPs on mammalian cells [47].
3.5. Toxicity analysis of AgNPs against red blood cells
At the cellular level, a variety of mechanisms of AgNPs toxicity
have been reported, including ROS generation and apoptosis

Fig. 13. Bright ﬁeld microphotograph of RBC aggregation: A: control (untreated cells) B: green AgNPs 120 ppm C: green AgNPs 240 ppm D: chemical AgNPs 120 ppm and E:
chemical AgNPs 240 ppm.
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induction during in vitro studies along with a few number of in vivo
studies that have been conducted so far indicate the potential for
adverse effects at the cellular level, with susceptibilities in the
circulatory and dermal systems. In spite of the blood circulating
pathway, the transit of AgNPs through the blood ﬂow is noticeable
[48]. Since most of the future applications of AgNPs are based on
systemic administration, experiments on their interaction with
human blood components are highly needed. In this context, the
knowledge to which damage on red blood cells using AgNPs
contributes to the overall toxicity is still lacking. In the current
investigation at assessing the cellular impact of green AgNPs on red
blood cells (RBCs).The chemical AgNPs treatment caused a
signiﬁcant aggregation of erythrocytes upon 1 h incubation at
37  C, whereas green AgNPs have not showed any effect with the
erythrocytes (Fig. 13A–E).These results clearly revealed that the
prepared green AgNPs formulation elicit no toxic response. Similar
to these ﬁndings, AgNPs are administered systemic circulation in
the blood stream, red blood cells showed reduction in hemolysis of
erythrocytes [49].
3.6. Effect of AgNPs on brine shrimp toxicity analysis
Viability assay is one of the easiest screening assays to test the
toxicity of bioactive materials. Here, we used the brine shrimp as
the test organisms to examine the potential toxicity effects of
prepared metal nanoparticles. Results of the toxicity evaluation
against brine shrimp of the AgNPs synthesized from A. indica plant
extract showed the signiﬁcant mortality at 240 ppm. Lethality was
found to be directly proportional to the concentration of green
synthesized AgNPs (120 ppm). Whereas, the chemical AgNPs
treatment at concentration 120 ppm showed a highest mortality
against brine shrimp (24 h) (Table 1). In concurrence with the
current study, it has been reported 100% mortality of A. salina at
100 nM concentrations of the AgNPs synthesized by S. Ilicifolium
[50]. Therefore, the green AgNPs can deﬁnitely be used as an ecofriendly against marine Brine shrimp microorganisms. Further, a
recent report showed green synthesized AgNPs using T. conoides
were induced anti-microfouling activity in brine shrimp Artemia
salina [51]. Taken together, cytotoxic effects of nanoparticles
toward shrimp’s larvae can linked with anticancer activity and
hence, green AgNPs could be alternative source of anticancer
drugs.
4. Conclusion
AgNPs were successfully synthesized in a green approach using
the novel plant A. indica leaves extract as a reducing and capping
agents. AgNPs have been properly characterized by UV–vis
spectroscopy, DLS, TEM and FTIR analysis. The obtained results
conﬁrmed that the AgNPs were crystalline in nature and the
morphological studies reveal the spherical shape of AgNPs with
size ranging from 94 nm. Zeta potential (12.02 mV for green and
10.4 mV for chemical AgNPs) values showed that the biosynthesized AgNPs have a moderate stability. FTIR analysis was conﬁrmed
to identify possible presence of functional groups that might have
contributed to the process of bio-reduction and stabilization of Ag+
Table 1
Brine shrimps cytotoxicity assay of silver nanoparticles: Percentage mortality of
Artemia nauplii in green and chemical synthesized AgNPs.
S. No

1
2
3

Concentration

10 ppm
120 ppm
240 ppm

% Mortality
Green AgNPs (%)

Chemical AgNPs (%)

16.66
56.66
100

30
100
100

ion to green synthesized AgNPs. Further, green AgNPs showed
enhanced anticancer activity than chemical AgNPs in NCI-H460
cells, suggesting that green AgNPs might be a potential alternative
agent for human lung cancer therapy. Moreover, phyto-mediated
AgNPs caused dose-dependent decrease in cell viability and
increase in reactive oxygen species (ROS) generation and activation
of apoptosis in NCI-H460cells; conversely, AgNPs had no signiﬁcant changes in cell viability, ROS production and apoptotic
morphological features in human skin ﬁbroblast (HDFa) cells.
Therefore, normal skin ﬁbroblast assays revealed that green
synthesized AgNPs is able to induce selective toxicity in cancer
cells. In addition, the green synthesized AgNPs elicited no
hemolytic property in erythrocyte aggregation assay in vitro.
Results of the toxicity evaluation against brine shrimp of the AgNPs
synthesized from A. indica plant extract revealed that there was
moderate mortality observed than chemically prepared AgNPs.
Finally, cost effectiveness, biocompatibility, and predictability to
modify these AgNPs make them viable choice in future biomedical
applications particularly in cancer. Further, trails are needed to
conﬁrm these preliminary results in future nano toxicology
research to establish better models to assess the long-term effects
of AgNPs in mammalian systems, thereby enabling the design of in
vivo studies with deﬁnable end points.
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Studies on preparation of bio-paints using fungal biocolourants
Introduction
Paint is any liquid, liquefiable, or mastic composition which after application to a substrate
in a thin layer is converted to an opaque solid film. Paints are composed of a mixture of a
solvents, binders and pigments, most commonly used to protect, colour, or provide texture
to objects. They are one of the oldest substances known and used for colouring and
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protecting many surfaces, including houses, cars, road markings and underground storage
vessels. There is a great commercial demand for the paints because of its wide range of
applications. Variety of commercial brand paints are available, can be made or purchased in
many colourants and in many different types (NIIR Board, 2004; NPCS Board, 2013).
Environment and health concerns of conventional paints dictate the need for development
of natural paints (Harry, 1995). Attempts to develop non-toxic natural paints using biobased solutions are reported in literature. Market research indicates that there is a
commercial demand, scope and preference for these non-toxic natural paints.
Bio-paints are products belong to the world of natural paints, eco paints, low VOC
bio-paints or organic paints. Most of these natural paints are durable, breathable; prevent
moisture problems, contribute to a positive room climate, use safer technology, less energyintensive than conventional latex paints to produce. These paints improve indoor air quality
and reduce urban smog and offer beneficial characteristics such as low odour, excellent
durability and a washable finish (Renee, 2008). Natural paint recipes have been successfully
used by people throughout the world for thousands of years. Many of the old art works still
survive today are a testament to the enduring beauty and durability of natural paint they
used. Tips and clues mentioned in the history of paints can be translated to preparation of
cost effective eco-friendly natural paints (Guttmann, 2012). A variety of different natural
paint types are reported and include clay paint, milk paint, lime paint and unearthed plant
glue paint, latex, recycled latex, bio-acrylic paints. Milk paint is the most durable form of
ancient paint. Milk protein casein and crushed limestone form a tough- coating that hardens
over time like concrete (Adam andKaty, 2008; Katherine, 2009; Unearthed Paints, 2014). Dye
or pigment molecule is a key ingredient of paint that serves three main functions: the optical
function of providing colour, opacity and gloss. It not only gives the paint its colour and
finish, but also serve to protect the surface from corrosion and weathering as well as helping

to hold the paint together. A variety of natural and synthetic pigments are used in paints
(Michael, 2014). Total synthesis of synthetic colourants is relatively cumbersome, requires
toxic reagents and is not environmental friendly. In view of safety, toxicity, health,
environment problems caused by those of synthetic colourants there is a great scope for
natural colourants (Vankar, 2007; NIIR Board of Consultants & Engineers, 2005). They can
be derived from plant, animal, mineral, or microbial sources.
Worldwide microorganisms from different environments are being investigated as
sources of natural colourants or pigments. Successful commercialization of pigments from
microorganisms is reported (Gupta et al., 2011). Many species of Monascus, Penicillium,
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Curvalaia, Trichoderma, Alternaria, Rhodotorula, Bacillus, Haematococcus, Serratia,Achromobacter,
Chromobacterium, Yarrowia and Phaffia are reported produce a number of pigments (NIIR
board, 2005). Microbial dyes manufactured can evade inherent environmental disposal
problems of synthetic dyes and offer significant opportunity for as an ingredient of
biopaints, dyeing textiles and other potential applications. Production of wide range
colourants of different shades associated with the microbial diversity is possible. They can
be grown in controlled conditions independent of weather conditions. Fermentation and
media optimization, growth on cheap substrates, cost effective chromatographic and
downstream processing techniques can maximize production and recovery of natural
colourants from microbial cells (Sharma et al., 2012; Kamla et al., 2012).
Streptomyces derived natural products are claimed to be a safe, inexpensive,
untapped source of useful biopigments. Streptomycesderived pigments were used to create
paint and paintings (Charkoudian et al., 2010). Fungi have been proven to be useful in
production of antibiotics, enzymes, organic acids and variety of bioactive secondary
metabolites. Fungi are more ecological interesting source of rich and stable colourants such
as anthraquinones. These dyes are valued for their brilliant colourants and fastness to light
and washing offer significant opportunity for textile dyeing and various applications (Gill
and Steglich 1987; Atalla et al., 2011). In view of the above, present research work aims at
isolation, fermentative production, purification and exploring the applications of microbial
pigments and developing biopaints using ingredients mentioned in the ancient knowledge
and history of paints recipes as an eco-friendly alternate to synthetic dyes.
Materials and methods
The soil samples were collected from different human intervention free places in and around
Belgaum, Karnataka and were pre-treated asper the standard prescribed procedures

mentioned in the industrial microbiology practical manual with minor modifications
(Demain and

Davies, 1999). Soil
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Isolation of endophytic fungi and soil fungi
Standard and modified selective, enrichment microbiological techniques were used as per
the protocols of manual of industrial microbiology and biotechnology for isolation of fungi
from soil, aquatic samples and natural substrates (Richard et al., 2010). Endophytes from
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leaves stem and roots of authenticated plant material were isolated from following the
protocol of (Fisher et al., 1993; Hallmann et al., 2006) with some minor modifications.
Different surface sterilization methods were initially attempted with appropriate positive
and negative controls. In brief, plant specimens were surface sterilized, were cut into small
segments, and were placed on potato dextrose agar culture plates containing streptomycin
sulphate antibiotic. They were incubated for one week at 27°C. The emerging fungal hyphae
after inoculation were picked and transferred onto potato dextrose agar (PDA) and
sabouraud dextrose agar (SDA) plates for identification and preservation. Similarly, fungi
were isolated by spread plate and pour plate techniques using serial dilutions of soil
samples using potato dextrose agar and sabouraud dextrose agar media containing
streptomycin sulphate antibiotic. Isolated fungi were identified based on their
morphological and microscopic studies using relevant taxonomic features mentioned in
various standard manuals and with the help of local fungal taxonomists. Pure cultures were
prepared by repeated sub culturing and were maintained on PDA Slants. Preliminary
morphological and microscopic characterization is carried out using standard protocols and
with the help of fungal taxonomy experts. Fungal genomic DNA was isolated using Biopure
fungal DNA extraction kit. Fungal ITS region was amplified using standard PCR primers
ITS1 (TCCGTAGGTGAACCTGCGG) and ITS4 (TCCTCCGCTTATTGATATGC) with an
annealing temperature of 54°C. PCR reagents and purification kits were obtained from
Jonaki, BRIT, CCMB, and Hyderabad. PCR products were checked on by agarose gel
electrophoresis. DNA sequencing of samples was carried out at Agarkar Research Institute
and Gene Ombiotechnologiespvt ltd, Pune. BLAST analysis was performed.
Microbial cultivation and extraction of fungal dyes
Preliminary testing for the ability of screened organisms to produce diffusible pigments was
carried out. Briefly pure isolated organisms were inoculated into either 10, 30ml culture

tubes containing of PDA media and was subjected to either static or shaking
conditions.Selected promising fungi shown to produce pigments were grown in 250 ml
Erlenmeyer flasks containing 100 ml Potato Dextrose Broth. The flasks were incubated at 28
± 2°C for 2 weeks for Static and submerged cultivation, with periodical shaking at 150 rpm.
Crude cell free coloured fermentation broth is used as colourant of natural paint.
Preparation of biopaint recipes
Ingredients used in the present study included hydrated lime, borax, sea salt, chalk, clay,
stone powder, linseed oil, casein from milk, ready to use milk powder and a colourant from
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natural source. Cell free autoclaved fermented fungal dye broth solution is used as colourant
in the present study. Paint recipes were made on the basis of information obtained from the
literature search (NIIR Board, 2004; NPCS Board, 2013; Collin, 2009). To about 1 litre of fresh
skimmed milk 100ml of vinegar was added to obtain a curd like solution. Mixture was
stirred occasionally and gently and was allowed to stay in a warm place overnight. Liquid
whey was allowed to drain and milk solids containing casein is obtained by filtration. This
was used as cost effective alternate to ready to use casein powder. A typical milk paint
recipe was prepared by soaking casein protein obtained from milk in cell free fermented
fungal dye broth. A homogeneous paste of milk protein with cell free pigmented broth was
made. This was then added to lime paste, stirred well, till a homogeneous suspension is
obtained. All the other ingredients were then added to the above paste and triturated well.
Linseed Oil was used as an additive to milk paint for easing the painting application. Oil in
Water emulsion paint was prepared using acacia, guar gum, tamarind kernel powder and
other plant based natural gums as natural emulsifiers, linseed oil as oil base and cell free
fungal dye broth as water base.
Results and discussion
In search of bioactive metabolites more than 500 fungal strains which include around 200
endophytic strains obtained from medicinal plants were isolated from the lab. Around 60
fungal strains were producing biocolourants of different shades. Most of the Colour
producing isolates were endophytes of dye yielding plants. Morphological characteristics,
microscopic studies biochemical tests and molecular characterization studies were carried
out for promising colour producing strains. Results reveal that they belong to genera
Chaetomium, Talaromyces, Penicillium, Acremonium, Aspergillus, Epiccocum, Curvularia, Phoma,
Alternaria and other pigment producing fungi. The strains which were considered to be safe
based on the literature reports were selected for their pigment production by fermentation

method. Static and submerged fermentations were carried out. Most of strains tested gave
brown, red, yellow and black shades. Naturally occurring fungal pigments are relatively
stable and offer significant opportunity for colour applications. Preliminary investigations
indicate few of these pigments may belong to polyketide, naphthaquinone and
anthraquinone pigments. Attempts were made to explore various applications of fungal
dyes as an alternate to synthetic dye. Promising results were obtained for bio-crayons, bioink and textile dyeing applications. Representative pictures of isolation and fermentation
production of microbial dyes are shown in Figure 1.
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(Take in Figure 1)
Based on observation of relative stability and fastness in textile dyeing applications,
their usage in natural paints was thought of. Natural bio-paint recipes were prepared on
small scale using cell free coloured broth successfully. Studies using cost effective natural
ingredients, low cost starch adsorbents and ion exchange chromatography to improve the
colour intensity and stability of pigment are in progress. Increase in the hue strength was
observed upon concentration and downstream processing of pigment. Milk paints were
then prepared as per the protocols mentioned in materials and methods. Milk Lime paints
were applied and tested on to brick and cement surfaces without and with natural primers.
Ability of paints to retain on brick and cement surfaces, colour fading, texture, moisture,
environmental effects, effect of pH of paint formulation, effect of additives and other
parameters were evaluated qualitatively for 2 months. Surfaces were washed thoroughly
with water and soap solutions. Painted surfaces also exposed to sun light. Following
observations were made. Initial painting trials were only partially successful with lime
paints using acacia as binder. Colour tint slightly changed before and after addition of paint
additives, before and after applying on to the surface. It could be due to changes in pH of
final formulation, because of co additives or because of chelating properties of dyes or
ingredients of crude fungal broth. Few fungal metabolites when tested were found to
contain phenols, few were found to possess pH indicator properties and siderophore
activity (metal chelating properties) when tested with ferric chloride and chrome azural
assay as reported in literature (Alexander, and Zuberer, 1991). Change in shades was
observed upon addition of metal ions to the fungal broths exhibiting metal chelating
properties and those possessing phenolic substances. The advantage of this observation is
wide range of hues can be obtained by addition of metal ions within the permitted levels.

Red coloured broth acquired brown shade after lime addition in most cases. Representative
pictures are shown in Figure 2.
(Take in Figure 2)
Quality of painting improved with incorporation of linseed oil in paint recipe and
with surface coating after the lime and milk paints were applied as primary coat. Art work
paints with Hibiscus floral and leaf gum, ladies finger vegetable gum paints. Oil paints for
interior and exterior surface were prepared using acacia and other vegetable gums. Other
representative figures are shown in Figure 3.
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(Take in Figure 3)
Natural dyes in combination with natural ingredients or green chemistry products of
biotechnology can be explored for bio-paint applications. In the process of our research
work, attempts were made to develop low cost methods for microbial screening,
fermentation techniques and strain maintenance. Encouraging results were obtained, further
fuelling our research interest in cost effective bio-product and bioprocess development. Two
different research ideas relating to microbial colourants from endophytes was combined
with possible usage of natural alternatives to synthetic paint ingredients was proposed in
this eco-friendly product oriented research. We are happy to witness the success of biopainting applications of microbial pigments. There is lot of scope for developing other
product oriented research applications based on natural colourants in view of market
preferences and demand.
Conclusion
Our results indicate microbes in general and fungi in specific represent dependable source
of variety of natural colourants. Fungal dyes manufactured can evade inherent
environmental disposal problems of synthetic dyes and offer significant opportunity as a
colourant in paints. As a proof of concept fungal dyes are incorporated into natural milk
paints. Fungal colourants that are relatively more stable and robust such as anthraquinones
and dyes with siderophore properties and pH indicator properties can better be explored as
paint colourants. Media in general salt in specific, sampling source, environmental
conditions play a role in production of these fungal dyes suggesting microbial biodiversity
studies can give more hues. Cost effective durable natural paints can be prepared using
selected stable fungal colourants with commonly available natural ingredients using
scientific information based on history of paints. Authors feel that these studies can be

extended to other stable microbial and plant based colourants for preparation of natural
paints of different hues.
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Figure1: Representative pictures of fermentative production of fungal dyes

1a. Representative pictures of isolated fungi producing colorants

1b. Representative pictures of fermentative production and isolation of fungal dyes
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Figure 2: Representative pictures of isolated fungal dyes, testing and preparation of biopaints

2a.Representative pictures of isolation of fungal biocolours

2b.Testing pH indicator and metal chelating properties of fungal biocolours

2c. Representative pictures of preparation of milkpaints using milk protein and natural oil paints
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Figure 3: Representative pictures of application of biopaints on brick, cement, and cardboard surfaces

3a. Representative pictures of application of milk lime paints prepared using fungal dyes

3b. Representative pictures of application of oil paints prepared using fungal dyes
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Chromatographic Fingerprint Analysis of Hydroalcoholic extract of Medicinally Important plant
Elephantopus scaber l. Using HPTLC Technique
Ravindra Hiremath1, 2, Sunil Jalalpure*1,2, Shriram Pethakar3
Department of Pharmacognosy, K.L.E. University’s College of Pharmacy, Belagavi-10, Karnataka, INDIA.
Prabhakar Kore Basic Science Research Center, K.L.E. University, Belagavi-10, Karnataka, INDIA.
3
Department of Pharmaceutical Biotechnology, KLE University’s College of Pharmacy, Belagavi-590010, Karnataka, INDIA.
1
2

ABSTRACT
Objective: To develop chemical fingerprint profile of secondary metabolites of
therapeutically important plant Elephantopus scaber L. using HPTLC technique. Method:
Preliminary phytochemical investigation was performed for the detection of secondary
metabolites. HPTLC fingerprint profile of hydro-alcoholic extract of E. scaber was
developed for alkaloids, flavonoids and saponins. Toluene: Ethyl acetate: Diethyl amine
(7:2:1), Ethyl acetate: Formic acid: Glacial acetic acid: Water (10:0.5:0.5:1.3) and
Chloroform: Acetic acid: Methanol: Water (6.4:3.2:1.2:0.8) were the solvent systems
developed. Results: The HPTLC chromatogram of hydro-alcoholic extract of E. scaber
resolved 12 alkaloids, 25 flavonoids and 26 saponins with different Rf values including
some unknown. Conclusion: Chemical profiling of selected plant is suggestive of several
known and unknown bioactive molecule having potential therapeutic efficacy. The
unknown alkaloids, flavonoids and saponins separated needed to be elucidated further.
It can be concluded that the HPTLC fingerprint analysis is useful in exact identification
of plant material. Also, it serves as a significant tool in differentiating adulterants and
biomarker in herbal drug industry.
Key words: HPTLC Fingerprinting, E. Scaber, Chromatograms, Biomarker, Rf value.

INTRODUCTION
Herbal medicines have been in use since
ancient days for treatment and management
of human ailments. Traditional system of
medicine over the years has gained a wide
acceptance worldwide. Associated undesired effects and economic constraints with
the modern medicine drive us for search of
potent drug from natural resources. Therapeutic efficacy of drugs of plant origin
solely depends upon the authenticity and
purity of plant material. A major key factor
in efficacy of herbal products resides in
assurance of safety and quality. Hence,
phytochemical standardization and evaluation is need of the hour.

Fingerprinting (FP) approach has been
recently recognized and accepted for quality
assessment of traditional medicines. The
concept of phyto equivalence was developed
to ensure consistency of herbal products.
According to this concept, a chemical profile, such as chromatographic fingerprint,
for herbal product, should be constructed
and compared with the profile of a clinically
proven reference product.1
Different methods are used for FP which
may be roughly categorized as (i) Low
resolution techniques like TLC or IR-based
methods (ii) High resolution techniques like
GC, HPLC, MS, NMR or hyphenated techniques and are commonly accepted as well
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suited for FP aiming at a comprehensive extract characterization.2
Fingerprint analysis by HPTLC is useful as phytochemical
markers and also as good estimators of genetic variability
in plant populations. It is becoming routine analytical
technique because of the advantages of small amount
of mobile phase needed, speed, and simultaneous
estimation of several samples unlike HPLC.3 HPTLC
finger printing is proved to be a linear, precise, accurate
method for herbal identification and can be used further
in authentication and characterization of medicinally
important plants.4 Significant application of HPTLC
was found to be useful in determination of adulteration
in raw material as well as finished goods, identification of
substitutions of botanicals in place of official ones and
in comparing the same extracts with different batches
and same species with varied populations collected from
different demographic regions. Due to advancement in
technology HPTLC is the preferred tool in analysis of
various natural products.5
Elephantopus scaber A perennial rigid herb found in dry
localities. Plant pacifies vitiated vata, pitta, toxins, cough,
and cardiac ailments. As per traditional claims, the roots
are used as an antipyretic, cardio tonic and diuretic.6
Decoction of the roots and leaves is used as emollient
and given in dysuria, diarrhea, dysentery and stomach
pain.7 Aqueous extract of leaves is applied externally to
treat eczema and ulcers.8 Roots are used in the treatment
of Kidney stone.9 In the present study fingerprint analysis of hydro-alcoholic extract of E. scaber was carried
out for chemical profiling of the secondary metabolites
present in it.
MATERIALS AND METHODS
Collection of plant material

The selected Indian medicinal plant Elephantopus
scaber Linn was collected from the forest Jamboti, 40
km away from Belagavi, Karnataka, India and authenticated by Dr. Harsha Hegde, Scientist B, RMRC,
ICMR, Belagavi. The herbaria was prepared and stored
(Voucher Specimen Numbers RMRC-914) at RMRC,
ICMR, Belgaum, Karnataka.
Extraction

The shade dried plant was processed for size reduction
and sieved through sieve no.40 to get a coarse powder.
Further, extraction was carried out by continuous hot
extraction process using ethanol and water (70:30) as
solvent for 8-10 hrs. The extract was concentrated using
rotary evaporation technique (IKA Rotary Evaporator) at
690

400C to give a syrupy mass. This was stored in a closed
container and used for analysis.
Preliminary Phytochemical Investigation

Preliminary phytochemical analysis for the determination of presence of alkaloids, flavonoids, saponins,
tannins, triterpenoids, carbohydrates, glycosides and
steroids was carried out.10-13
Solvent System (Mobile Phases) Development

Confirmation of presence of these phyto constituents
was done by developing a thin layer chromatographic
profile. Different solvent systems with varying polarity
and proportions were tried for better separation and
resolution.
HPTLC analysis

HPTLC fingerprinting was carried out using pre-coated
silica gel aluminum plates (E. Merck, Darmstadt,
Germany). Thus developed spots were identified by
spraying various indicator reagents. HPTLC test solution
was prepared by dissolving 100 mg of hydro-alcoholic
extract of plant material in 5 mL of methanol, centrifuged (Eppendorf, Minispin Plus) at 3000 rpm (493 x g)
for 8 min.14,15
Instrumentation

Stationary phase
:	
Plate size (X x Y) 20.0 x 10.0 cm
		Precoated silica gel aluminum
plates 60F-254
Instrument
: 	CAMAG Linomat 5
“Linomat5_080222” S/N
080222(1.00.12)
Linomat 5 application parameters
Spray gas
: Inert gas
Sample solvent type : Methanol
Dosage Speed
: 150 nL / s
Pre-dosage Volume : 0.2 µL
Sequence
Syringe size
Number of tracks
Band length
Application Volume

:
:
:
:

100 µL
1
8.0 mm
5.0 µL

Measurement Table
Wavelength
Lamp
Detector Mode

:
:
:

254nm / 366nm / 540 nm
D2
Automatic

Development of chromatogram and detection of spots

Chromatogram was developed after application of the
spots, in a twin trough glass TLC chamber previously

Indian Journal of Pharmaceutical Education and Research | Vol 50 | Issue 4 | Oct-Dec, 2016

HPTLC Fingerprint Analysis of Elephantopus scaber

Table 1: Preliminary phytochemical investigations of hydro-alcoholic extract of E. scaber
Results (Plant)

Sr. No.

Chemical component

Name of the
chemical test

Elephantopus scaber L.

Molisch’s test

+

1.

Carbohydrates

Benedict’s test

+

2.

3.

Alkaloids

Phytosterols

4.

Glycosides

5.

Tannins and Phenols

6.

Proteins

7

Amino acids

8

Flavonoids

9

Triterpenoids

10

Saponins

Fehling’s test

-

Mayer’s test

+

Wagner’s test

+

Dragendroff’s test

+

Hager’s test

-

Tannic acid test

-

Salkowski test

+

Libermann Burchard test

+

Legal’s test

-

Liebermann’s test

-

Keller killiani test

-

Xanthydrol test

-

Ferric chloride test

+

Millon’s test

+

Ninhydrin test

+

Ninhydrin test

+

Test for Tyrosine

+

Test for Tryptophan

-

Shinoda test

+

Lead acetate test

+

Alkaline solution test

-

Ferric chloride test

+

Salkowaski test

+

Liebermann Burchardt test

+

Frothing Test

+

saturated with respective solvent systems for 30 min.
The HPTLC plates were dried and photo documentation
was done at UV 254, 366, 540 nm and daylight with
Camag Repro star chamber; scanning was done and
images were captured. Using win CATS Planar Chromatography Manager software; Rf values at fingerprint
data were recorded.
RESULTS
Preliminary phytochemical investigations reveal the
presence of alkaloids, flavonoids, terpenoids, steroids,
saponins, and tannins in the hydro-alcoholic extract of
E. scaber (Table 1).
To achieve reproducible peaks with high resolutions
various combinations of different solvents in different
proportions were tested. Satisfactory results were
obtained with Toluene: Ethyl acetate: Diethyl amine

(7:2:1), Ethyl acetate: Formic acid: Glacial acetic acid:
Water (10:0.5:0.5:1.3) and Chloroform: Acetic acid:
Methanol: Water (6.4:3.2:1.2:0.8) for alkaloids, flavonoids and saponins respectively. The hydro-alcoholic
extract of E. scaber showed presence of 12 alkaloids,
25 flavonoids and 26 saponins with different Rf values when scanned at 254, 366 and 540 nm wavelength
(Table 2).
The HPTLC chromatogram showed 12 bands of alkaloids (Figure 1). Major alkaloids separated were observed
at Rf value 0.06, 0.11, 0.13, 0.18, 0.32, 0.41, 0.48, 0.57 at
254 nm; 0.19, 0.73 at 366 nm and 0.23, 0.71 at 540 nm.
One unknown alkaloid each at 366 nm (Rf- 0.73) and at
540 nm (Rf- 0.23) was detected (Figure 2 and 3).
Total 25 flavonoids (Figure 1) were resolved satisfactorily with Rf values 0.17, 0.23, 0.30, 0.33, 0.40, 0.47, 0.61,
0.66, 0.73, 0.78 at 254 nm; 0.15, 0.20, 0.26, 0.71, 0.74,
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Table 2: HPTLC Fingerprint Analysis data of hydro-alcoholic extract E. scaber:
Peak #

Wavelength 254

Wavelength 366

Wavelength 540

Identified

Unknown

Identified

Unknown

Identified

Unknown

Alkaloids

8

0

2

1

2

1

Flavonoids

10

0

6

2

9

4

Saponins

9

0

6

2

11

2

0.81 at 366 nm and 0.15, 0.23, 0.25, 0.49, 0.58, 0.62,
0.74, 0.76, 0.80 at 540 nm. Two unknown flavonoids
at 366 nm (Rf- 0.15 and 0.74) and four at 540 nm (Rf0.23, 0.58, 0.74 and 0.76) were detected (Figure 4 and 5).
HPTLC chromatogram for saponins (Figure 1) exhibited 26 bands with the Rf values 0.10, 0.14, 0.21, 0.30,
0.35, 0.46, 0.55, 0.68, 0.78 at 254 nm; 0.10, 0.23, 0.36,
0.47, 0.65, 0.76 at 366 nm and 0.12, 0.15, 0.16, 0.23,
0.27, 0.33, 0.38, 0.43, 0.50, 0.59, 0.71 at 540 nm. Total
four saponins i.e two at 366 nm (Rf- 0.47 and 0.65) and
540 nm (Rf- 0.12 and 0.33) each was detected (Figure 6
and 7).
DISCUSSION
Natural products are proven to be the major source of
bioactive compounds and served as a significant tool in
discovery of many lead compounds for management
and treatment of human ailment. They truly play a
vital role in field of drug discovery and development.16
Screening and evaluation of herbal drugs becomes an
integral part towards their exact identification and standardization. Numerous analytical tools and techniques
were developed for quality control of plants and plant
products. HPTLC fingerprinting has potential to verify
and determine the reliability of secondary metabolites
in natural resources and their formulations as well.17
HPTLC Fingerprint analysis facilitates the assessment
of quality and stability of plant material and their
products by visual and standardized fingerprint profile
comparison. Present study was intended to screen
hydro-alcoholic extract of E. scaber for the presence
of secondary metabolites and development of fingerprints by HPTLC Technique. Alkaloids, flavonoids and
saponins are the bioactive constituents having significant therapeutic value and pharmacological properties.
The quality and quantity of these secondary metabolites
in plant resources varies depending upon the region,
demographic location and time of collection of the
plant material as well as plant part or tissue used.18 In
present study, the hydro-alcoholic extract of E. scaber
showed presence of different alkaloids, flavonoids and
saponins with different Rf values, area, intensity and
692

Figure 1 : Images of HPTLC chromatograms of hydro-alcoholic
extracts of E. scaber.

Figure 2: Overlay of 3D Display of chromatograms at 254 nm,
366 nm and 540 nm for Alkaloids.

height at 254 nm, 366 nm and 540 nm. Two unknown
alkaloids, six unknown flavonoids and four unknown
saponins were detected at different wavelengths having
different Rf values. Those need to be studied further
for their structure and characteristics. Most suitable
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Figure 3: HPTLC Chromatograms of hydro-alcoholic extract
of E. scaber at 254 nm, 366 nm and 540 nm for Alkaloids.

Figure 4: Overlay of 3D Display of chromatograms at 254nm,
366nm and 540 nm for Flavonoids.

Figure 5: HPTLC Chromatograms of hydro-alcoholic extract
of E. scaber at 254 nm, 366 nm and 540 nm for Flavonoids.

solvent system with which satisfactory separation was
observed was Toluene: Ethyl acetate: Diethyl amine
(7:2:1), Ethyl acetate: Formic acid: Glacial acetic acid:
Water (10:0.5:0.5:1.3) and Chloroform: Acetic acid:
Methanol: Water (6.4:3.2:1.2:0.8) for alkaloids, flavonoids and saponins respectively. Outcome of the present
study supports the traditional claims regarding usage
of selected plant due to presence of various bioactive

Figure 6: Overlay of 3D Display of chromatograms at 254 nm,
366 nm and 540 nm for Saponins.

Figure 7 : HPTLC Chromatograms of hydro-alcoholic extract
of E. scaber at 254 nm, 366 nm and 540 nm for Saponins.

compounds. Separation and identification of these
compounds maybe used for development and formulations of new drugs for human benefit. HPTLC fingerprint profiling serves as an important phyto chemical
marker and a valid estimation of genetic variability
in plants. HPTLC technique was found to be simple,
precise, economic and valuable tool for accurate identification and standardization of natural resources and
natural products. The HPTLC fingerprint images can
be stored and used as reference for further study of this
plant.19
CONCLUSION
From the study carried out and adaption of HPTLC
techniques by various pharmacopoeias such as USP-2007,
Chinese Pharmacopoeia approves a clear recognition
of this method in drug profiling, it can be concluded
that HPTLC is the technique of choice for undertaking
analysis of numerous complex mixtures of natural
product extract as well as finished goods. It will be
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useful in determining the usefulness of natural product
and quality control of the same.
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SUMMARY

• HPTLC fingerprint profile of hydro-alcoholic extract of E. scaber was developed.
• The HPTLC chromatogram of hydro-alcoholic extract of E. scaber resolved 12 alkaloids, 25 flavonoids and
26 saponins with different Rf values including some unknown.
• Chemical profiling of selected plant is suggestive of several known and unknown bioactive molecule having
potential therapeutic efficacy.
• HPTLC fingerprint analysis is useful in exact identification of plant material.
• It serves as a significant tool in differentiating adulterants and biomarker in herbal drug industry.
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a b s t r a c t
The current study summarizes a unique green process for the synthesis of gold nanoparticles by simple treatment
of gold salts with aqueous extract of Nepenthes khasiana (NK)—a red listed medicinal plant and its characterization. Study on the effect of different process parameters like temperature, pH and stirring on surface and stability
characteristics has been demonstrated. Formation of GNPs was visually observed by change in color from colorless
to wine red and characterized by UV-Visible spectroscopy, FT-IR spectroscopy, Zetasizer, X-RD, ICP-AES, SEMEDAX, AFM and TEM. In vitro stability studies of gold colloidal dispersion in various blood components suggest
that, NK mediated GNPs exhibit remarkable in vitro stability in 2% bovine serum albumin, 2% human serum albumin (HSA), 0.2 M histidine, and 0.2 M cysteine but unstable in 5% NaCl solution and acidic pH. Biocompatibility of
NK stabilized GNPs against normal mouse ﬁbroblasts (L929) cell lines revealed nontoxic nature of GNPs and thus
provides exceptional opportunities for their uses as nanomedicine for diagnosis and drug therapy. The role of antioxidant phytochemicals (ﬂavonoids and polyphenols) of NK extract in synthesis of biocompatible and stabilized
GNPs was demonstrated by estimating total ﬂavonoid content, total phenolic content and total antioxidant capacity of extract before and after formation of GNPs. Fast and easy synthesis of biocompatible GNPs possesses unique
physical and chemical features which serve as an advantage for its use in various biomedical applications. The
overall approach designated in the present research investigation for the synthesis of GNPs is based on all 12 principles of green chemistry, in which no man-made chemical other than the gold chloride was used.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
Nanobiotechnology is the growing interdisciplinary ﬁeld of research
connecting biological science, material science and nanotechnology.
Gold nanoparticles (GNPs) owning to its unique surface plasmon resonance effect can be used in various biomedical applications like tumor
targeting, tumor imaging, diagnosis, photonics, photothermal therapy
and in electronic applications [1,2]. One of the main advantages of
GNPs is their surface plasmon resonance effect, which aids for greater
photon capture than those of photo thermal dyes [3] and nano size
helps in cancer targeting and diagnosis. This bio-detection sensitivity
of GNPs is often associated with their physical and chemical properties
depending on the shape [4].
Even though different methods such as UV-irradiation, lithography,
aerosol technology, and laser metal have been used to produce GNPs,
they remain harmful and expensive. Hazardous materials such as hydroxylamine, sodium borohydride and tetra kis (hydroxylmethyl)
⁎ Corresponding author at: Dr. Prabhakar Kore Basic Science Research Center, KLE
University, Belgaum-590010, Karnataka, India.
E-mail addresses: dineshdhamecha@gmail.com (D. Dhamecha),
jalalpuresunil@rediffmail.com (S. Jalalpure), kiranjadhavqa@gmail.com (K. Jadhav).

http://dx.doi.org/10.1016/j.jphotobiol.2015.12.002
1011-1344/© 2015 Elsevier B.V. All rights reserved.

phosphonium chloride [5–10] used in reduction and stabilization were
found to cause adverse effect in biomedical applications [11–13]. Different methods described by Turkevic, Brust, and Perrault have demonstrated use of synthetic reducing agents for the preparation of GNPs, but most
of these methods are extremely expensive and also involve the use of
toxic, hazardous chemicals, which may pose potential biological and environmental risks as they generate a large amount of hazardous byproducts
[7,14,15]. Hence, there is increasing need to develop high yielding, cost effective, nontoxic and environmental friendly process for preparation of
GNPs. Thus, ‘Green Chemistry’ that uses plant extracts could be an alternative to synthetic method for the production of GNPs.
Extracellular and intracellular biological synthesis of metal nanoparticles by bacteria, fungi, actinomycetes, yeasts and plants is well reported. It reveals that extracellular synthesis of GNPs has more biomedical
and commercial applications than intracellular synthesis. For example
Thermomonospora sp., Fusarium oxysporum [16–18] synthesized extracellular GNPs whereas Bacillus subtilis and Shewanella algae [19–20]
synthesized intracellular GNPs. But, successive puriﬁcation of GNPs
formed with microorganisms intracellularly is generally challenging
[21] and selection of microbes for extracellular biosynthesis needs
extensive screening [22] and vigorous cultivation of microorganisms.
Although, use of microorganisms in the synthesis of GNPs is a
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comparatively attractive area of research, use of plants extracts for synthesis of GNPs is more advantageous over microbial method by eliminating the elaborative process of preserving cell cultures, large scale
synthesis, efﬁcient recovery, simplicity (ease of synthesis) and ease of
understanding the mechanism of synthesis.
Recently, only few plants like Medicago sativa [23] and Sesbania
drummondii [24] have shown intracellular synthesis whereas plants
like Coleus amboinicus [25], Magnolia kobus and Diopyros kaki, etc., [26]
have shown extracellular synthesis of GNPs. Taking into consideration
the variety of plants, the prospective use of plants as green source for
synthesis of nanoparticles is yet to be fully explored.
Synthesis of GNPs with uniform size and shape is of foremost importance due to their prospective applications in medical devices, sensor
technology, electronics, catalysis, optical devices and biological labeling
[27–29]. It has been reported that optoelectric and physicochemical
properties of GNPs are size and shape dependent [30–32]. Among
heavy metals, research on GNPs received immense consideration due
to its distinctive and tunable surface plasmon resonance [33].
GNPs have many applications in biomedical sciences including drug
delivery, tissue/tumor imaging, photothermal applications and identiﬁcation of pathogens in clinical specimens [34]. Use of plant extracts rich
in antioxidants could be a particular interest to improve monodispersity
of GNPs and to control their size and shape.
In the present study, leaves of Nepenthes khasiana (NK), a carnivorous plant species belonging to the family Nepentheceae were used for
the synthesis of GNPs. NK popularly known as pitcher plant is recognized as one of the red listed plants by the International Union for the
Conservation of Nature (IUCN) and is endemic to Meghalaya state of
India [35]. Literature suggests that phytochemical like ﬂavonoids and
polyphenols represents the antioxidant potential of Nepenthes sp. and
can be used as a green source for synthesis and stabilization of GNPs.
Till date, there are no reports regarding the phytochemical investigation of NK. Herein, the main objective of the research was to evaluate
the presence of antioxidant principles of NK and to utilize its antioxidant
potential for synthesis of GNPs. Finally, biocompatibility characteristics
of NK mediated synthesized GNPs were evaluated against normal
mouse ﬁbroblasts cell lines (L929) using MTT assay.
2. Materials
N. khasiana leaves (NK) were collected from Shilong and authenticated from Botanical survey of India, Shilong, India. Gold (III) chloride
hydrate (99.99% metal basis, used without further puriﬁcation), cysteine, histidine, human serum albumin, and bovine serum albumin were
procured from Sigma Aldrich, Bangalore, India. Dulbecco's modiﬁed
Eagle medium (DMEM), fetal bovine serum (FBS), and Pen Strep (a mixture of penicillin and streptomycin) were procured from Gibco Life
Technologies (Auckland, New Zealand); phosphomolybdate, quercetin,
Folin Ciocalteu reagent, gentamycin (4 mg/ml) and amphotericin (5
mg/ml) were purchased from Himedia Pvt. Ltd., Mumbai, India. Mouse
ﬁbroblasts (L929 cell lines) were collected from the National Center
for Cell Science, Pune, India.
3. Experimental
3.1. Preparation and evaluation of plant extract
Plant extract was prepared by boiling 10 g of air dried powdered
plant material with 100 ml of deionized water for 10 min and ﬁltered
through Whatman ﬁlter paper 41#. Phytochemical investigation of ﬁltrate was carried out to conﬁrm the presence of carbohydrates, proteins,
ﬂavonoids, tannins and polyphenols. In vitro quantitative assay methods
like total ﬂavonoid content (TFC), total antioxidant capacity (TAC) and
total phenolic content (TPC) were used for quantitative estimation of
antioxidant potential of plant extract. TAC of the plant extracts was determined by phosphomolybdate method where quercetin was used as a
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standard, TPC was determined by using Folin Ciocalteu reagent where
gallic acid was used as a standard [36] and TFC was performed according
to aluminum chloride colorimetric method described by Chang et al.
with slight modiﬁcations using quercetin as a standard [37].
3.2. Synthesis of GNPs
GNPs were prepared by adding aqueous plant extract to aqueous gold
chloride solution (0.5 mM) in volume ratios of 10:1, 10:2 and 10:3. The
bioreduction of gold salt was monitored by sampling at regular interval
using aliquots (0.1 ml) of the mixture and analyzing UV–Visible spectra
after suitable dilutions. Formation of GNPs was observed by visual color
change and conﬁrmed by UV–Visible spectroscopy (Hitachi-Inkarp 2300
SICAN, Inkarp Instruments Pvt. Ltd., Japan). The mixture was then ﬁltered
to remove the unwanted insoluble biomass and ﬁnally puriﬁed by using
high speed refrigerated centrifuge (Kubota 6500, Japan) at 17,000 rpm
(36,873 RCF), 4 °C for 20 min. GNP pellets were collected, re-dispersed
in fresh deionized water and centrifuged twice to remove the unwanted
extraneous matter and excess of coating agent. Supernatant was stored
at 4 °C to study antioxidant activity by TFC, TAC and TPC. UV–Visible spectrum was recorded before and after centrifugation to conﬁrm the purity of
synthesized GNPs. Similar procedure was followed to study the effect of
various process parameters like stirring (300 rpm), temperature and pH.
3.3. Characterization of GNPs
Synthesized GNPs were appropriately diluted using deionized water
and wavelength scan was recorded from 700 to 200 nm by using UV–Visible spectrophotometer. Zetasizer (Malvern Instruments, UK) was used to
study the particle size, particle size distribution, polydispersibility index
(PDI) and zeta potential of colloidal dispersion of GNPs. Synthesized
GNPs were washed with deionized water three times and lyophilized to
record FT-IR (Shimadzu, Japan) spectrum by KBr pellet method. X-ray diffractometer (Philips PRO expert, Netherland) was operated at room temperature, 40 kV voltage, 30 mA current and 70 to 700 (2θ) range using
nickel ﬁltered Cu Kα radiations to record X-RD spectrum of GNPs. Scanning electron microscopy (SEM) (FEI, USA) Quanta 200 equipped with
Energy dispersive X-ray Spectroscopy (EDAX) system was used to analyze GNPs. Sample was loaded on carbon grid and dried under low vacuum (10–130 pa) with a voltage of 20 keV. Initially, image was scanned at
3000×, in which a spot was ﬁxed and analyzed by EDAX to conﬁrm the
presence of gold metal. On conﬁrmation, images were further scanned
at 6000× and 12,000× magniﬁcation and recorded. Atomic force microscopy (AFM) (Nanosurf AG, Switzerland) images were collected using a
scanning probe microscope in non-contact mode with silicon nitride cantilevers under room temperature condition. GNPs were smeared over the
whole slide and dried in order to get the uniform dispersed image. Transmission electron microscopy (TEM) (Hitachi H-7500, Japan) equipped
with CCD camera was used to record the images. GNP colloidal sample
was deposited on sample holder carbon coated copper grid and scanned
at magniﬁcation of 200,000× to get the images.
3.4. Gold content estimation-inductive coupled plasma-atomic emission
spectroscopy (ICP-AES) of GNPs
ICP-AES (SPECTRO ARCOS, Germany) was employed for qualitative
and quantitative estimation of gold content at ppm level. Initially, calibration curve of known gold was obtained by using standard gold solution (NIST H(AuCl₄) in HCl 2 mol/l 1000 mg/l Au Certipur®, Catalog no:
170,216, Merck Millipore corporation, Germany) concentrations of 0.1,
1, 10 and 100 ppm at 242.80 nm. Prior to analysis, GNPs sample
(5 ml) was pre-treated with 3 ml concentrated nitric acid and heated
to 75 °C for 15 min until it turns colorless. Samples were then ﬁltered,
volume was made up to 10 ml and analyzed for gold content. Instrument was controlled by a computer and the operating program was
programmed using visual basic software. Experiments were performed
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Table 1
Quantitative evaluation of aqueous extract.
Test
Total ﬂavonoid content μg/ml QE/g of dry
extract
Total antioxidant capacity μg/ml of GAE/g
of dry extract
Total phenolic content μg/ml of GAE/g of
dry extract

Before formation
of GNPs

After formation
of GNPs

15 ± 1.568

5 ± 1.974

85.52 ± 2.678

1.24 ± 1.689

851.9 ± 10.698

0.079 ± 1.036

All values are expressed as mean ± SD, where n = 3.

3.5.2. Cytotoxicity evaluation of GNPs
Mouse ﬁbroblasts (L929) cell lines were seeded in the 96 well plates
at the densities of 1 × 104 cells/well/0.1 ml medium and allowed to adhere by incubating for a period of 24 h in a CO2 incubator (Eppendorf,
New Brunswick, Galaxy 170R, Germany) maintained at 37 °C and 95%
humidity. The cell count was determined using a hemocytometer. The
medium was discarded and replaced with fresh medium (0.1 ml) containing different concentrations of GNPs (70.3, 35.15, 17.25, 8.75 and
4.39 μg/ml) followed by incubation at 37 °C. Cytotoxicity was evaluated
at predetermined time intervals of 2, 4, 12 and 24 h. The medium in each
well was discarded and 50 μl of MTT solution (5 mg/ml in phosphate
buffer saline) was added to each well and the plate was incubated at
37 °C. On completion of 4 h, DMSO (100 μl) was added to each well to
dissolve formed formazan crystals and absorbance was recorded at
492 nm ﬁlter using ELISA plate reader (Lisa plus, India) [39] and calculated for percent cell viability.
4. Result and discussion
4.1. Preparation and evaluation of plant extract
Plant extract was prepared by simple decoction method and ﬁltrate
was used for determination of phytoconstituents. Phytochemical investigations revealed the presence of antioxidant principles like ﬂavonoids,
polyphenols, proteins, tannins and carbohydrates. Results of TFC, TPC
and TAC summarized in Table 1 suggest that aqueous extract of
N. khasiana is rich in antioxidant phytochemicals and can be used as
the green source for synthesis of GNPs.
4.2. Synthesis of GNPs and effect of different parameters

Fig. 1. Color changes after formation of GNPs from Nepenthes khasiana, where A) gold
chloride solution B) aqueous plant extract, C) after formation of GNPs, D) after puriﬁcation
of GNPs.

in triplicate and results were expressed in mean (ppm) ± standard
deviation.
3.5. Biocompatibility studies
3.5.1. In vitro stability studies of GNPs
In vitro stability studies were performed by mixing 1 ml of gold colloid to 0.5 ml aqueous solution each of 2% bovine serum albumin (BSA),
2% human serum albumin (HSA), 0.2 M histidine, 0.2 M cysteine, 5%
NaCl, phosphate buffer pH 2, 5, 7, 10 and 12 and incubated for 30 min.
Aliquots of samples were analyzed after 30 min, 24, 48, 72 h using
UV–Visible spectroscopy [38].

Gold chloride solution when treated with plant extract at all volume
ratios showed change in color from colorless to purple within 15 min as
shown in Fig. 1. However, the ratio in which the GNPs were synthesized
with least amount of plant extract was chosen for further studies to
avoid problems associated with separation and puriﬁcation of GNPs. Literature suggests that GNPs exit with colors from red to dark purple depending upon the size and shape, where red color indicates smaller
particle size with predominantly spherical morphology whereas purple
color indicates larger particle size with mixed morphology. Purple colored GNPs prepared by using NK had relatively larger size which was
conﬁrmed by UV–Visible spectroscopy analysis where peak was observed at 570 nm (typical band of GNPs) and TEM analysis. GNPs were
puriﬁed from the extraneous matter (excess of plant extract) by ﬁltration followed by centrifugation and analyzed by UV–Visible spectroscopy and EDAX. Comparison of UV–Visible spectra (Fig. 2) of synthesized

Fig. 2. Overlay UV–Visible spectra of GNPs prepared at different conditions before and after centrifuge. (GNP: gold nanoparticles, NK: Nepenthes khasiana, BC: before centrifuge, AC: after
centrifuge, RT: room temperature, ST: stirring, HT: heating at 40 °C, SUP: supernatant remaining after centrifuge).
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GNPs before and after centrifuge suggests that the synthesized GNPs are
pure and free from extraneous matter.
EDAX (Fig. 3) further conﬁrms the presence of pure elemental gold
as it shows the characteristic peaks of gold metal at 2.10 and 9.50. Energy signals of carbon (C) and oxygen (O) represent the presence organic
hydroxyl groups from water soluble antioxidants (polyphenols, ﬂavonoids, proteins capping GNPs) used for synthesis of GNPs.
This validates that the phytochemicals of NK plays a key role in capping and stabilization of GNPs. Comparison of in vitro antioxidant assays
shows that there is decrease in antioxidant potential of extract after
synthesis of GNPs suggesting that antioxidant present in NK extract
was utilized for preparation of GNPs. This is the ﬁrst time that estimation of antioxidant potential was performed quantitatively to conﬁrm
their role in synthesis of GNPs. Results of antioxidant assays (Table 1)
conﬁrm that phytochemicals mainly ﬂavonoids, polyphenols and
other antioxidant principles are responsible for synthesis of GNPs. Literature suggests that carbohydrates, polyphenols, tannins and ﬂavonoids
act as a natural reducing agent for synthesis of GNPs and proteins act as
a stabilizing agent [25].
Similarly GNPs were also synthesized by altering the process parameters like temperature, agitation and pH. In all conditions, 10:1 volume
ratio of gold chloride solution to plant extract was found to be optimized
in all experiments in which a color change from colorless to purple was
observed. The color change arises because of the coherent oscillation of
free conduction electrons induced by the interacting electromagnetic
ﬁeld at the surface of GNPs resulting in surface plasmon resonance
[25]. It was observed that stirring and heating increase the rate of reaction which was evident by the reduction in the time taken for synthesis
of GNPs. Time taken for synthesis of GNPs was in the order as room temperature (RT) (15 min) N stirring at room temperature (ST) (8 min) N
heating (HT) (5 min). Synthesis of GNPs using NK requires around
5 min suggesting that it is one of the fastest methods for the synthesis
for GNPs. This fast synthesis may be due to high content of antioxidants
in NK and the application of heat (40 °C) which acts as the catalyst and
potentiates rapid synthesis of GNPs.
Further, the effect of different pH conditions (pH 2, 7 and 10) showed
that there was formation of purple color at neutral pH, ﬂorescence purple
color at alkaline pH and no color in acidic condition. This suggests that
synthesis of GNPs was obtained only at neutral pH conditions. Further,
UV–Visible spectroscopy conﬁrms the formation of GNPs in neutral condition whereas in alkaline condition though the peak was observed, it
was broad suggesting polydispersed particles, hence was not studied
for further analysis. Contradictorily, Ghodake et al. suggest that alkaline
condition served as a high yielding medium for synthesis of GNPs, in
which the reason was attributed to the presence of alkaline responsive
phytochemicals present in pear fruit [40]. This suggests that phytochemicals play a vital role in exploiting the medium for synthesis of GNPs.
Comparing biological methods, it is reported that NADH-dependent
reductase from fungus [17] or mitroreductace from enterobacteria [41]
reduces metallic salts corresponding to metallic nanoparticles, whereas
terpenoids, ﬂavonoids, carbohydrates, proteins etc. present in plant extracts are responsible for reduction and stabilization of nanoparticles
[42]. Literature also suggests that almost all plants are capable for synthesis and stabilization of GNPs, albeit with different reduction rate, different size, different morphology and different stability characteristics.
4.3. Characterization of GNPs
Characterization was carried out to conﬁrm the formation of GNPs
and to study its surface morphology and stability as summarized in
Table 2. UV–Visible peak of gold colloid at 570 nm conﬁrms the successful formation of GNPs and reached saturation within 15 min of reaction.
Peak positions of UV–Visible spectra are mainly inﬂuenced by particle
shape, dielectric constant of medium and temperature [43] and suggest
the polydispersibility of synthesized GNPs. The asymmetrical and broad
SPR bands indicate the formation of anisotropic GNPs. In the present

Fig. 3. EDAX spectra of GNPs prepared A) at room temperature B) by stirring C) by heating
(40 °C).
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Table 2
Comparative data for synthesis of GNPs at different conditions.
Synthesis of GNPs using extract of NK
Conditions →

Room temperature (~ 30 °C)

Stirring

Heating

Deionized water
~ 30 °C
15 ± 4
Stable
Suitable for in vivo experiments
No chemicals used
178.33 ± 8.79
0.419 ± 0.029
−22.8 ± 0.7

Deionized water
~ 30 °C
8±3
Less stable
Suitable for in vivo experiments
No chemicals used
151.95 ± 1.08
0.294 ± 0.03
−15.8 ± 1.35

Deionized water
40 °C
5±2
Stable
Suitable for in vivo experiments
No chemicals used
127.36 ± 1.96
0.236 ± 0.02
−23.1 ± 0.15

Characteristics ↓
Solvent used
Reaction temperature
Reaction time [in minutes
Stability
Bio-compatibility
Eco-compatibility
Particle size (nm)
Poly dispersity index
Zeta potential (mV)

All values are expressed as mean ± SD, where n = 3.

study, it was observed that at room temperature, 15 min was required
whereas earlier studies have shown 1 h [26] or more for formation of
GNPs. This conﬁrms that the present method for synthesis of GNPs is
the fastest method. Analysis by UV–Visible spectra reveals that the
GNPs synthesized at room temperature and heating (40 °C) showed
narrow peak when compared to the stirring and alkaline conditions in
which the peaks were broad as shown in Fig. 2. The reaction rate was directly proportional to the temperature leading to formation of the primary nuclei of GNPs, thereby avoiding the secondary reduction
process on the surface of the preformed nuclei [26]. Narrow peak conﬁrms the presence of predominantly spherical GNPs whereas broad
peak conﬁrms the presence of polydispersed and polymorphic GNPs
which was further supported by TEM analysis as shown in Fig. 4. However, these results are not in consensus with Aromal et al. which says
that GNPs synthesized at higher temperature showed broad UV–Visible
peaks. These broad peaks (suggesting increase in particle size) might be
due to overheating or heating at higher temperature (100 °C) for longer
time [14]. Proteins present in the plant extract are mainly responsible
for stabilization of GNPs. These proteins might get denatured at higher
temperature thereby causing aggregation and increase in particle size
of GNPs [44].
GNPs were centrifuged at 17,000 rpm for 20 min and the pellets
were washed thrice with deionized water to get rid of the free proteins
and enzymes that are not coating the GNPs. The samples were dried (lyophilized) and grinded with KBr pellets and analyzed by FT-IR spectroscopy. FT-IR spectra show the presence of peaks at 3321 cm−1,
3145 cm−1, 2920 cm−1, 1614 cm−1 and 1259 cm−1 as shown in Fig.
5. These peaks conﬁrm the presence of organic functional groups of phytochemicals like ﬂavonoids, polyphenols and proteins which are responsible for formation and stabilization of GNPs. Peak at 3321 cm−1

represents ―OH stretching vibrations which conﬁrms the presence of
hydroxyl group, 3145 cm− 1 and 2920 cm−1 represent―C―H
stretching, due to the presence of methyl, methoxy and methylene
group, 1614 cm−1 represents the presence of ―C_O group of carboxylic acid, 1259 cm−1 shows amide band of polypeptide and proteins and
1078 cm−1 further conﬁrms the presence of amide group. Presence of
these peaks represents different phytochemicals present in NK like peptides/proteins, terpenoids, aldehydes/ketones, tartaric acid, alkaloids,
and ﬂavonoids coated onto GNPs during reduction process and is mainly responsible for stabilization of GNPs. FT-IR data was also supported by
in vitro antioxidant assays like TFC, TPC and TAC performed before and
after formation of GNPs.
All the reﬂection peaks at 38.4, 44.24 and 64.5 in XRD spectra as
shown in Fig. 6 correspond to face-centered cubic gold with (111),
(002) and (022) which suggests that the synthesized GNPs were nanocrystalline in nature.
There are two types of diameter of metallic nanoparticles, one actual
diameter and the other is hydrodynamic diameter. Analytical methods
used for determination of actual diameter are TEM, AFM and SEM whereas the hydrodynamic diameter can be determined by using DLS method.
DLS studies revealed that the particle size (hydrodynamic diameter)
of GNPs was in the range of 125–180 nm. Negative zeta potential of
GNPs prepared at room temperature, stirring and heating are −22.8 ±
0.7, −15.8 ± 1.35 and −23.1 ± 0.15 respectively. Zeta potential is deﬁned as the measurement of charge and is the most important determinant for the stability of GNPs. Magnitude of zeta potential is the
indicative of the balance between the repulsive and attractive forces between GNPs. Stability is directly proportional to the magnitude of repulsive forces and inversely proportional to the attractive forces between
GNPs. Hence it was conﬁrmed that the GNPs synthesized were disperse

Fig. 4. TEM images of GNPs prepared A) at room temperature B) by stirring C) by heating (40 °C).
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Fig. 5. FT-IR spectra of GNPs prepared A) at room temperature B) by stirring C) by heating (40 °C).

and stable. Negative zeta potential could be due to the hydroxyl group
containing phytochemicals present in NK used for reducing and stabilizing the GNPs. These phytochemicals are responsible for providing a robust
coating on GNPs and thus, rendering stability against aggregation. Shape
and size of stabilized nanoparticles are important aspects of nanoformulation as they play a vital role in modulating their optical properties [25].
Ankamwar [45] synthesized anisotropic planner GNPs with triangular
morphology for vapor sensing applications whereas gold triangles synthesized using lemon grass are used in hyperthermia of tumors.

Determination of surface morphology and elemental identiﬁcation
of GNPs was performed by using SEM coupled with EDAX. Results of
SEM analysis as shown in Fig. 7 suggest that the GNPs synthesized in
all conditions are dispersed while EDAX clearly shows the presence of
sharp peak of gold metal suggesting the purity of GNPs.
AFM has proved to be an important biophysical technique for determining the surface topography of GNPs [46]. The understanding of the
functionalization of the GNPs synthesized extracellularly using extract of
NK was conﬁrmed by AFM (Fig. 8) which clearly shows rich concentration
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Fig. 6. X-RD spectra of GNPs prepared A) at room temperature B) by stirring C) by heating (40 °C).

of organic moieties coated onto GNPs. AFM image of GNPs prepared at RT,
ST and HT shows a clear difference in surface topography in which RT
showed a smooth surface with bigger size, ST generated GNPs with comparatively smaller size with rough surface and HT showing smallest size
with gritty and rough surface when compared to RT and ST. The surface
topography revealed a homogeneously distributed arrangement of
nano-sized GNPs, with most of the particles assembled transversely. Results of AFM were in line with SEM and DLS which shows predominant
spherical GNPs.
To obtain higher resolution clear morphology of GNPs, TEM was
used which showed distorted spherical morphology of GNPs synthesized in all conditions. TEM images as shown in Fig. 4 also suggest that
the GNPs synthesized at RT and HT (40 °C) are smaller in size when

compared with the particle size of GNPs synthesized by ST. TEM
shows that coating agent is smooth and uniform in GNPs synthesized
by HT and RT whereas ST leads to removal of coating agent.
Nanocrystals devoid of shielding/coating biomolecules were thermodynamically unstable. The spherical nanoparticles produced in the beginning of the reaction were stable due to the protection by sufﬁcient
biomolecules. The newly shaped nanotriangles suffered a shrinking process to reduce their high surface energy to a minimum resulting in the
formation of truncated morphologies from sharp angles structures
[25]. It was also observed from TEM analysis that GNPs synthesized at
RT were having mixed morphology, whereas GNPs synthesized at HT
(40 °C) showed predominantly distorted spherical morphology. It is believed that at higher temperature, gold ion ﬁrst forms nuclei and the

Fig. 7. SEM images of GNPs prepared A) at room temperature B) by stirring C) by heating (40 °C).

Fig. 8. AFM image of GNPs prepared A) at room temperature B) by stirring C) by heating (40 °C).
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secondary growth of particle stops because the rate of the reaction is
very fast when the reaction is heated [26].
4.4. ICP-AES—gold content estimation
Calibration curve was plotted by using standard concentrations of
gold in the range of 0.1 to 100 mg/ml. The calibration graph for gold
was linear at ppm level concentrations in which the correlation coefﬁcient of the calibration curve of silver was 0.999. Samples on treatment
with nitric acid were found to be colorless and warranted that the gold
is completely solubilized in solution. The concentration of synthesized
GNPs measured by using ICP-AES was found to be 70.3 ± 6.2 μg/ml.
4.5. Biocompatibility studies of GNPs
4.5.1. In vitro stability studies of GNPs
In vitro stability studies also known as blood compatibility studies
was performed to conﬁrm the stability of green synthesized GNPs on
exposure to various blood components and different pH conditions
over a reasonable period of time. Stable GNPs were tested against
0.2 M cysteine, 0.2 M histidine, 2% bovine serum albumin (BSA), 2%
human serum albumin (HSA), 5% NaCl, phosphate buffer pH 2, 5, 7, 10
and 12. Cysteine—a natural amino acid present in blood has a potential
thiol functional group capable for exchanging with the coating material
of GNPs leading to unstability. On the other hand histidine—a natural
amino acid present in blood is mainly responsible to trigger the immune

Fig. 9. A: Photograph depicting color of GNPs on exposure to various blood components
and different pH; B: UV–Visible Spectra and photograph showing in vitro stability studies
of GNPs in blood components (GNP: gold nanoparticles, NK: Nepenthes khasiana, RT: room
temperature, ST: stirring, HT: heating at 40 °C, CYS: cysteine, HIS: histidine, BSA: bovine
serum albumin, HSA: human serum albumin).
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response to allergens in the body. Hence, testing of GNPs against histidine was performed with a view to conﬁrm the resistivity of GNPs to
avoid triggering of an immune reaction in the body which might interfere with the target speciﬁcity of stable GNPs. From the various blood
components, albumin is abundantly available, which established the
base to test GNPs against plasma proteins like BSA (mammals) and
HSA (humans). For various in vivo biodistribution studies, GNPs are supposed to be injected intravenously which makes it mandatory that the
GNPs should be stable/intact in blood during animal testing. Similarly,
GNPs should retain their stability and morphology after i.v. administration in human subjects as in case of animal models. GNPs were tested
against the electrolyte solution (5% NaCl) which is available in clinical
settings as saline (0.9% NaCl) and generally used as the diluent or adjutant to intravenous therapies. Moreover, presence of Na + and K+ ions
are abundant in cellular systems and are well known to aggregate in the
presence of electrolytes [38,47].
The shift of SPR peak by 5 nm wavelength in all the above mixtures
was permissible and recognized as stable and intact GNPs. Stability
studies revealed that the GNPs were stable in all conditions except in
acidic pH and 5% NaCl where red shift was observed (Fig. 9B) suggesting
increase in particle size followed by aggregation leading to instability. In
alkaline condition (pH 12), GNPs were found to be more stable than
original GNPs (control GNPs taken for stability studies). It can be observed from SPR studies which demonstrate a remarkable blue shift
from 570 nm to 555 nm indicating the decrease in size of GNPs. The
photograph depicted in Fig. 9A shows a red color (highly stable) instead
of purple color (original NK synthesized GNPs). These results are in corroboration with the existing literature which suggests that increase in
pH enhances the homogenous nucleation and decrease in anisotropic
growth of GNPs whereas acidic condition results in slow processing
and generation of secondary nucleation on existing gold seeds. Moreover, alkaline condition tends to generate more of negatively charged
hydroxyl ions (OH−) which interact with the existing negative charge
on surface of GNPs giving rise to electrostatic force of repulsion subsequently generating higher Brownian moments to create extra stable
GNPs [48]. This mechanism was supported by zeta potentiometric results which show that zeta potential of original GNPs as − 22.8 ± 0.7
and −30.6 ± 1.14 for GNPs exposed to pH 12. However, acidic pH generated positively charged hydrogen ions (H+) which reacted with negatively charged surface of GNPs decreasing the electrostatic force
between GNPs leading to aggregation and unstability [49]. The stability
of GNPs colloidal dispersion is determined by the balance of the repulsive and attractive forces that occur between GNPs as they approach
one another. Dispersion is said to be stable when the repulsive forces
overcome attraction forces keeping the particles dispersed in dispersion
medium leading to stable colloid. However, little or no repulsion between particles, leads to aggregation. In other words, the use of simulated/alkaline solution may be a new way for formulators to regulate the
shape and size of GNPs by merely varying the pH value of the reaction
mixture.
GNPs synthesized in the present research investigation can be used
for various biomedical applications but at very lower concentrations.
So, it was essential to test if dilutions of NK stabilized GNPs alter its
chemical and photo-physical properties. To determine the stability of
GNPs under dilution, the UV–Visible wavelength was examined after
every sequential addition of 0.2 ml of ionized water to 1 ml of GNPs colloidal dispersion. The absorption intensity at 570 nm wavelength was
found to be linearly proportional on the concentration of GNPs and
obeyed Beers Lamberts law. It was also observed that the wavelength
of GNPs remained constant at 570 nm throughout the experiment at dilutions in the range of 10−5 to 10−6 ml as these are typical concentrations used at cellular levels [39,50,51].
4.5.2. Cytotoxicity evaluation of GNPs
Biocompatibility is the important parameter to be evaluated for
any nanomaterial intended for in vivo biomedical applications.
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Fig. 10. Biocompatibility studies of GNPs using MTT assay against mouse ﬁbroblasts (L929)
cell lines.

Biocompatibility of nanoformulation is studied by evaluating the potential cytotoxicity against normal cell lines. In the present investigation, cytotoxicity of NK stabilized GNPs in primary mouse
ﬁbroblast cultures was evaluated as in vitro experimental models
based on MTT assay. Fibroblast cells were treated with GNPs at concentrations of 70.3, 35.15, 17.25, 8.75 and 4.39 μg/ml and evaluated
cell viability after 2, 4, 8, 12 and 24 h using colorimetric MTT (methyl
thiazolyl tetrazolium) assay. Cytotoxicity of samples was compared
with control (untreated) cells that were considered as 100% viable
(Fig. 10)
It was found that green synthesized GNPs were biocompatible and
non-cytotoxic even at higher concentrations. Literature reveals that a
number of gold complexes, salt and derivatives have demonstrated signiﬁcant cytotoxicity [50,51]. Different concentrations of GNPs selected
for study of biocompatibility studies were dependent on various biomedical applications [52]. The synergistic reduction capabilities of phytochemicals in Nepenthes that efﬁciently reduced gold salt in aqueous
media comply with the fundamental principles that govern green
chemistry. This green nanotechnology approach is distinctive because
the GNPs are not only synthesized but also simultaneously stabilized
by the phytochemicals present in plant extract. It is worth to note that
phytochemicals, proteins and carbohydrates ensure reduction of gold
salt to corresponding GNPs, in which the group of proteins and peptides
along with antioxidants phytochemicals in NK effectively coat GNPs to
render excellent robustness against aggregation. The present investigation reports that plant based chemicals are of vital importance in context of synthesis of GNPs for in vivo biomedical applications under
nontoxic conditions. Lack of any toxicity of NK stabilized GNPs provides
new prospects for the safe delivery and applications of such nanoparticles in targeted therapy and molecular imaging.
5. Conclusion
Functionalized, charged, biocompatible and stable GNPs play a crucial role in the overall research and development of GNPs based
nanomedicine. Current method of synthesis requires only gold chloride
as precursors and no man-made chemicals were used in the complete
fabrication process. This further asserts that there are consequently no
harsh chemicals employed in the synthesis or harsh by products formed
during synthesis. Processes involved are therefore eco-friendly and biologically benign in which stabilized, biocompatible GNPs will require no
further treatment prior to its biomedical application. These performance necessities will enforce stern restrictions on the use of synthetic
chemicals used for synthesis of GNPs. Nepenthes khasiana NK mediated
GNPs were successfully synthesized and study of different process parameters like effect of pH, stirring and temperature is demonstrated.
During synthesis, heating at lower temperature (40 °C) yields GNPs
with better stability characteristics and desirable zeta potential.

Absence of cytotoxicity against mouse ﬁbroblasts and in vitro stability
studies in blood components conﬁrms biocompatible nature of GNPs.
Antioxidant phytochemicals mainly polyphenols, ﬂavonoids, and proteins not only result in efﬁcient reduction of gold chloride to GNPs but
their chemical structure coat around the GNPs to render exceptional robustness against aggregation. Present studies described herein serve as
a distinctive illustration of the tendency of the phytochemicals in NK to
reduce gold salt to GNPs. Synthesized biocompatible and stable GNPs
are suitable for in vivo biomedical applications via direct administration
into human tissues through intravenous route. GNPs owning to their
opaque nature to X-rays can provide an unprecedented contrast between the cancerous and healthy tissues when observed through Xray computer tomography scans. They could also be used for treatment
of targeted tissues by localized hyperthermia, coating of hairs and skin.
This one pot green synthesis was found to be effective for the synthesis
and stabilization of biocompatible GNPs and provide unique prospects
toward the formulation and development of well-designed green
GNPs that can be safely synthesized, stored and marketed globally.
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Abstract:
Objective: Aim of this study is to evaluate antiurolithiatic potential of whole plant hydro‑alcoholic (30:70) extract of
Vernonia cinerea Less. in accordance to its claims made in ancient literature and also being one of the ingredients
of cystone, a marketed formulation widely used in the management of urolithiasis.
Materials and Methods: To induce urolithiasis, 0.75% v/v ethylene glycol was administered orally for 14 days.
The curative dose of 400 mg/kg b.w. and preventive doses of 100, 200, and 400 mg/kg b.w. were administered
from 15th to 28th and 1st to 28 days, respectively. Cystone 750 mg/kg b.w. was selected as the reference standard
for both curative and preventive doses. On 28th day, urinate of 24 h was collected and subjected for estimation of
calcium, oxalate, and phosphates. Serum biochemical and kidney homogenate analysis was done for determination
of renal oxalate contents.
Results: The diseased Group II showed marked increase (P < 0.001 vs. normal Group I) in levels of urine calcium,
oxalate, and phosphate. Serum creatinine, urea, and uric acid levels were also increased. Histopathological
studies of kidney sections revealed significant changes. Treatment with hydro‑alcoholic extract of V. cinerea
showed significant (P < 0.01 vs. calculi‑induced Group II) dose‑dependent activity. A progressive increase in
urine output, body weight, and decline in concentrations of stone‑forming components such as calcium, oxalates,
and phosphates was observed.
Conclusion: It can be inferred that V. cinerea Less. is effective in ethylene glycol‑induced urolithiasis and may
have a potential in preventing and curing urolithiasis.
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he most consistent feature of urolithiasis is
the formation and retention of stone (s) in
various parts of urinary tract, the kidney, ureter,
and bladder wherein the size and type of calculi
vary significantly. As per the statistical data
reported 12% of world population is affected
with urolithiasis. The prevalence is more in the
working class between the age group of 25–50.
It occurs more in men as compared to women,
may be because of enhancing testosterone
and inhibitory property of estrogen in the
pathogenesis of uroliths.[1]
Urolithiasis is a comprehensive disease condition
wherein various endogenous and/or exogenous
etiological factors, as well as multivariate
pathogenesis, are involved. Endogenous factors
include improper metabolism of calcium and
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Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License,
which allows others to remix, tweak, and build upon the work noncommercially, as long as the author is credited and the new creations
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phosphorous, metabolism of oxalic acid, uric
acid, and cystine. Furthermore, hyperthyroidism,
difficulties in excretion of nitrogenous waste
products may also be a major contributing factor
in stone formation. Exogenous factors comprise
food habits, dehydration, less fluid intake, hot
climatic conditions, excessive consumption of
some vitamins like Vitamin A and D, unsafe or
unnecessary use of certain drug substances and
hard water usage for drinking purpose.[2]
Calcium oxalate stones are most common
neproliths, accounting for more than 80% of stones,
whereas 5–10% of uric acid stones are present.
The other types are cystine, struvite, and urate
stones, have very less percentage. Urolithiasis is
the outcome of various physicochemical changes
such as supersaturation of urine, nucleation,
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growth of crystal and aggregation. Urine is invariably saturated
with the stone‑forming components such as calcium, oxalate,
urate, cystine, xanthenes, and phosphate. However, the natural
tendency to inhibit crystallization prevents stone formation,
whereas this natural inhibition capacity varies person to
person and which is poor in stone formers.[3] Revolutionary
developments in surgical procedures and extracorporeal shock
wave lithotripsy (ESWL) in the treatment of kidney stone
has taken place, but the expenses, and recurrence or relapse
rate still remains the challenge. Moreover, renal damage and
decreased kidney function becomes the major concern in
these procedures.[4] Diverse therapeutic approaches to treat
urolithiasis were adopted such as diuretics, chelating agents
(magnesium citrate, magnesium, and citrates), and diet therapy
(Increased water intake, reduced intake of Vitamin C, guidance
regarding calcium intake, etc).[5]
Despite these advancements in treatment of kidney stone,
no satisfactory medication is available. The evidence‑based
information suggests that the drugs and formulations derived
from herbal source are widely preferred as a promising
therapy in treating urolithiasis. The hypothetical underlying
mechanism of these medicinal plant materials is believed
to be, the effect on kidney and urinary blood circulation,
diuresis, changes the pH of urine and also exerts spasmolytic
and analgesic effect. These are interrelated with the liver,
pancreas, and intestines through metabolism and removal of
stone‑forming components.[2]
Emphasis was given by the WHO (2002) on the development
and standardization of herbal medicine due to its cost
effectiveness and less or no side effects. As the advancement
took place, the gap between the modern and traditional
medicine widened due to lack of scientific evidence and its
less convincing therapeutic effects, where safety remains a
major concern.
Vernonia cinerea L. root is used as diuretic[6] and is one of the
major ingredients of well‑known marketed preparation Cystone
(Himalaya Herbal Healthcare – Bengaluru, Karnataka, India)
used for treating urolithiasis. Phytochemical investigation
revealed the presence of alkaloids, saponins, triterpenoids,
steroids, and flavonoids.[7] It has been screened for its analgesic,
antipyretic, anti‑inflammatory effects.[8] Flower extract is
used in arthritis[9] whereas leaf extract showed larvicidal
activity.[10] Although claims are made, no scientific data are
available supporting its diuretic activity. Nevertheless, diuretic
activity alone cannot be considered responsible for preventing
and curing urolithiasis. The aim of this study undertaken
is to evaluate and validate the antiurolithiatic potential of
hydro‑alcoholic extract of V. cinerea Less against ethylene
glycol‑induced urolithiasis in rats.

Materials and Methods
Chemicals
The chemicals and solvents used were of analytical grade
procured from Sigma‑Aldrich Co., USA. The kits used for
urine estimation and serum analysis purchased from Erba
Mannheim, Transasia Biomedicals Ltd., Solan. Ethlyene glycol
was obtained from S D Fine Chemicals. The standard marketed
Indian Journal of Pharmacology - Vol 48, Issue 4, August 2016

preparation – Cystone tablets (Himalaya Herbal Healthcare –
Bengaluru, Karnataka, India) were purchased from the market.
Collection and Authentication of Plant Material
V. cinerea Less. plant was collected from botanical garden of
Shri B M Kankanwadi Ayurveda Mahavidyalaya, Belagavi and
nearby areas of Belagavi. The plant material was identified and
authenticated by Scientist B, RMRC, Belagavi. The herbarium
was prepared and stored at RMRC, Belagavi, Karnataka, India,
bearing specimen number RMRC‑913.
Preparation of Plant Extract
The collected whole plant V. cinerea was cleaned properly, dried
in shade and further pulverized to obtain a coarse powder.
The powder, thus, obtained was extracted with hydro‑alcohol
([30:70] water and 95% ethanol) using soxhlet apparatus. The
extract was concentrated using rotary evaporator (IKA RV
10 Digital) under reduced pressure at 40°C to obtain (Yield ‑
9.6% w/w) a semisolid mass. It was labeled and stored in a
glass bottle for further studies. A suspension of the extract was
formulated using 5% Tween‑80 for oral administration.[3] The
extract was analyzed for various phytochemical constituents
(flavonoids, alkaloids, tannins, phytosterols, glycosides,
terpenoids, and saponins) using standard procedures.[11‑14]
Antiurolithiatic Activity
Considering various parameters, the hydro‑alcoholic extract
of V. cinerea Less was screened for its antiurolithiatic potential.
Animal selection
Wistar albino rats weighing about 150–200 g, of either sex, were
selected for acute toxicity study and male adult rats were used for
screening of antiurolithiatic activity. The experimental protocol
was approved by Institutional Animal Ethical Committee
vide Resolution No. KLECOP/IAEC/Res. 16‑20/04/2013.
The animals were kept in transparent polypropylene cages
at a temperature 25°C ± 2°C and 12–12‑day night cycle. The
animals were provided with standard pellets and drinking
water ad libitium. They were acclimatized to the laboratory
conditions and randomly divided into eight groups.
Acute oral toxicity study
The acute oral toxicity study was performed as per OECD No.
425 guidelines. For the hydro‑alcoholic extract of V. cinerea, a
starting dose of 2000 mg/kg b.w. was selected. After overnight
fasting, the animals were administered with extract orally with
gastric intubation method. The animals were observed for any
physiological and behavioral changes for first 4 h continuously,
then at every 4 h for 12 h, followed by for first 14 days daily
once. The LD50 cut off dose was determined, and 1/10th of it
was considered for antiurolithiatic activity.[15]
Experimental protocol
Animals were divided into eight groups containing six animals
in each group. During the experimental protocol, animals were
allowed free access to food and water.
• Group I: Normal control
• Group II: Calculi‑induced, received 0.75% ethylene glycol in
drinking water from 1st to 14th day and were left untreated
• Group III: Standard curative‑received 400 mg/kg b.w.
standard drug cystone from day 15th to 28th
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• Group IV: Standard preventive‑received standard drug
cystone from day 1st to 28th
• Group V: Curative– received 400 mg/kg b.w. hydro‑alcoholic
extracts from day 15th to 28th
• Group VI: Preventive I‑received 100 mg/kg b.w.
hydro‑alcoholic extracts from day 1st to 28th
• Group VII: Preventive II‑received 200 mg/kg b.w.
hydro‑alcoholic extracts from day 1st to 28th
• Group VIII: Preventive III‑received 400 mg/kg b.w.
hydro‑alcoholic extracts from day 1st to 28th.
Collection and Analysis of Urine
The animals were kept in polypropylene cages separately, and 24 h
urine was collected on the 28th day. The volume of urine collected
from each animal of all the groups was measured. During the
study, the animals were having free access to drinking water. The
collected urine was stored at 4°C by adding a drop of concentrated.
HCl. Using UroColor 10 strips (SD Bio Standard Diagnostics)
routine urine analysis was done for the presence of protein, glucose,
blood, nitrite, etc., Furthermore, quantitative determination of
specific gravity and pH was done. Urine was analyzed for calcium,
phosphate, and oxalate using semi‑auto analyzer[16,17] [Table 1].
Urine Volume
On 14th and 28th day, 24 h urine was collected of all the eight
groups, measured the urine volume and recorded.
Change in Body Weight
The difference in initial body weight (day 0) and final body
weight (day 14 and day 28) was noted, and further comparative
analysis was done among different groups.
Urine Microscopy
Urine microscopy was done on a 28th day to observe the
presence of crystals of CaOX and phosphates at ×40, with
characteristic size and shape. For this, an electron microscope
(Labomed TCM 400) fitted with a Canon digital camera
(12 megapixel) was used, and photographs were taken.
Serum Analysis
From the anesthetized animals, the blood sample was
withdrawn from the retro‑orbital sac. It was centrifuged at

14,500 rpm (14,100 ×g) for 10 min in a centrifuge machine
(Eppendorf, Minispin plus); serum was separated and
analyzed for blood, urea and nitrogen (BUN), creatinine and
uric acid.
Kidney Homogenate Analysis
After the animals were sacrificed, the abdomen was cut open
to remove both the kidneys from each animal. The kidneys
were cleaned and preserved in formalin (10%). A sample of
one kidney (100 g) was boiled for ½ h in 10 mL of 1 N HCl and
homogenized. It was further centrifuged at 2000 rpm (1930 ×g)
for 10 min; supernatant was analyzed for calcium, oxalate, and
phosphate content.
Histopathological Analysis of Kidney
Examination of histopathological changes such as tubular
congestion, tubular necrosis, glomerular congestion,
peritubular inflammation, hemorrhage, and presence of
calculi was done. The remaining kidney was embedded
in liquid paraffin, 5 µm sections were taken, stained with
hematoxylin and eosin and mounted in diphenyl xylene. The
microscopic examination of thus prepared slides was done
using compound microscope (×50). To determine the nephritic
damage and recovery, photographs were taken and scored in
the format as, no damage (−), Mild (+), Moderate (++), and
Severe (+++) damage. For this, at least 10 fields were analyzed
and marked.[18]
Statistical Analysis
Results were expressed as mean ± standard error of the mean.
One‑way analysis of variance, followed by Dunnett’s multiple
comparison test (GraphPad Prism software for Windows,
Version 5.01, GraphPad Software, Inc. 7825 Fay Avenue,
Suite 230 La Jolla, CA 92037 USA) was used to analyze the
statistical significance among different groups. The P < 0.05
was considered to be statistically significant.

Results
The phytochemical study of V. cinerea Less. confirmed the
presence of alkaloids, saponins, triterpenoids, glycosides,
steroids, and flavonoids.

Table 1: Effect of Vernonia cinerea on urine and serum parameters in experimental animals‑curative/preventive dose
Parameters

Group I

Group II

Group III

Group IV

Group V

Group VI

Group VII

Group VIII

Normal

Calculi
induced

Standard
curative

Standard
preventive

VC
curative

VC
preventive I

VC
preventive II

VC
preventive III

Urine
Calcium
4.28±0.15 8.63***,a±0.66
4.8±0.26
5.35***,b±0.15 5.13±0.07
6.07NS±0.15
5.62**,b±0.14
,a
,b
,b
Phosphate
140.8±1.4
346*** ±2.02 180.7±3.56 194.2*** ±4.73 176.3±4.42 216.3* ±5.92
202.2±1.78
Oxalate
1.63±0.12
4.68**,a±0.13
1.88±0.09 1.85***,b±0.09 1.68±0.10 2.36*,b±0.12
1.9±0.07
Serum
BUN
22.5±0.76 38.5***,a±0.76
25±0.73
26.5***,b±0.61 25.5±0.99
31NS±1.03
28.3**,b±1.1
Creatinine
0.53±0.012 0.89***,a±0.014 0.55±0.015 0.57***,b±0.013 0.57±0.02
0.70NS±0.01 0.60**,b±0.012
Uric acid
1.55±0.07 5.45***,a±0.12 1.98±0.06 2.03***,b±0.08 1.87±0.09 3.07*,b±0.13 2.35**,b±0.12
Kidney homogenate
Calcium
5.75±0.14 12.58***,a±0.37 6.26±0.13 6.28***,b±0.10 6.21±0.14 7.07**,b±0.22 6.28**,b±0.15
Phosphate
1.35±0.13 5.38***,a±0.15 1.58±0.09 1.65***,b±0.12 1.66±0.11 2.35**,b±0.26 1.88**,b±0.08
Oxalate
2.95±0.04 8.68***,a±0.12 3.36±0.08 3.61***,b±0.12
3.3±0.12
3.9**,b±0.09
3.8**,b±0.05

5.3±0.14
195.7±2.17
2.02±0.09
27.3±0.67
0.59±0.008
2.15±0.08
6.65±0.13
1.86±0.08
3.61±0.11

*P<0.05, **P<0.01, ***P<0.001: Significant as compared with calculi‑induced, aCompared with normal group, bCompared with calculi induced group, NSNot significant.
VC=Vernonia cinerea, BUN=Blood, urea, and nitrogen
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In acute toxicity study, the extract does not show any adverse
clinical signs and mortality as well. Therefore, 2000 mg/kg
b.w. was considered as LD50 cut off dose and 1/10th of it was
taken as therapeutic dose for the study, i.e. 200 mg/kg b.w.
The preventive and curative antilithiatic effects of
hydro‑alcoholic extract of V. cinerea were evaluated
considering various parameters. In this study, ethylene
glycol (0.75% v/v) in drinking water was administered to
induce calculi except normal control Group I. The preliminary
confirmation was done by doing urine microscopy where the
presence of various stones was observed [Figure 1]. As per the
data reported, urine calcium, oxalate, and phosphate excretion
significantly increased (P < 0.001) in calculi‑induced (Group
II) as compared to normal control (Group I). However, in
both the preventive and curative dose regimen, there was an
increased degree (P < 0.001–0.05) of reduction in the levels of
urine calcium, oxalate, and phosphate, relevant to the dose of
hydro‑alcoholic extract administered, and highly significant
decrease was observed in cystone treated group [Table 1,
Group III to VIII]. Increase in dissolution and significant
reduction (P < 0.001 vs. Group II) in the concentration of
calcium, phosphate, and oxalates results in better prevention
of stone formation.

In the analysis of other routine urine parameters, it was observed
that there was increase in urinary pH of 8.3 in calculi‑induced
Group II, but it was brought down gradually toward normal
value in the groups treated with hydro‑alcoholic extract of
V. cinerea and cystone. In other groups, the parameters such as
ketone bodies, nitrites, bilirubin, urobilinogen, and leukocytes
were statistically insignificant. All the groups showed absence
of glucose in urine. In calculi‑induced group, the severe
nephritic damage was confirmed by the presence of protein
in urine. There was a considerable recovery recorded with a
decrease in protein in the groups treated with both preventive
and curative dose regimen of cystone and hydro‑alcoholic
extract of V. cinerea [Table 2].
In diseased Group II, urine output was drastically reduced
(P < 0.001 vs. Group I). There was increased (P < 0.001) urine
output observed in the groups treated with cystone and
hydro‑alcoholic extract of V. cinerea [Table 3]. The increase
in urine volume was appreciable on day 28 when compared
with day 14.
A consistent growth in body weight was recorded [Table 4]
in normal control (Group I) animals, whereas significant (P <
0.001) weight loss was observed in calculi‑induced Group II.
Cystone treated animals (Group III and IV) gained body weight
significantly (P < 0.01). The progressive increase in body weight
was recorded on day 14 and day 28, in animals treated with
extract (Group V, VI, VII, and VIII).
Microscopic examination of urine of normal control animal’s
(Group I) showed the absence of renal calculi, whereas
in calculi‑induced Group II showed rectangular, larger
calcium oxalate crystals [Figure 1]. Cystone treated animals
(Group III and IV) showed absence or stones were almost
dissolved whereas hydro‑alcoholic extract of V. cinerea
curative dose showed equally less amount of crystals in
urine. In preventive treatment groups, an increased absence
of small crystal and similar structures were observed in
accordance with the dose given (Group VI < VII < VIII).
However, small fragments of crystals were observed in lower
dose (Group VI).
In serum analysis, increased values of BUN, creatinine, and
uric acid were reported in calculi‑induced animals (Group II)
as compared to normal control animals (Group I). This results
in severe nephritic injury and impaired renal function. The
animals treated with cystone, and hydro‑alcoholic extracts
of V. cinerea showed significant decrease in corresponding
values thus protecting renal injury and improved kidney
function.
Kidney homogenate analysis revealed increased amount
(P < 0.001) of stone‑forming components calcium, phosphate, and
oxalate in diseased animals (Group II vs. Group I). The animals
treated with cystone (Group III and IV) showed decreased levels
of stone‑forming components. Whereas animals treated with
hydro‑alcoholic extract of V. cinerea curative (Group V) and
preventive (Group VI, VII, and VIII) dosage regimen showed
reduced content of calcium, phosphate, and oxalate.

Figure 1: Microscopic study (×40) of urine collected of Group I to Group VIII
Indian Journal of Pharmacology - Vol 48, Issue 4, August 2016

Histopathology of kidney, confirms the absence of performed
stones [Figure 2a] and associated relevant abnormalities in
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Table 2: Effect of Vernonia cinerea hydro‑alcoholic extracts on urine analysis parameters in rats in curative/
preventive dose regimen

Blood (RBC/µL)
Bilirubin
Urobilinogen
Ketone
Protein
Nitrite
Glucose
pH
Specific gravity
Leucocytes (WBC/µL)

Group I

Group II

Group III

Group IV

Group V

Group VI

Group VII

Group VIII

Normal

Disease
(calculi
induced)
183.3±42.2
0.75±0.11
1.0±0
15.8±6.8
15±5
0.75±0.11
Absent
8.3±0.25
1.02±0.003
37.5±12.5

Standard
curative
(cystone)
1.67±1.67
0.08±0.08
0.25±0.15
0.83±0.83
1.7±1.7
0.67±0.17
Absent
6.75±0.21
1.005±0.003
4.17±4.17

Standard
preventive
(cystone)
1.67±1.67
0.08±0.08
0.55±0.20
Absent
1.7±1.7
0.67±0.17
Absent
6.5±0.2
1.007±0.003
8.3±5.2

VC curative

VC
preventive I

VC
preventive II

VC
preventive III

1.67±1.67
0.08±0.08
0.4±0.18
0.83±0.83*
1.7±1.7
0.17±0.10
Absent
6.8±0.17
1.005±0.003
4.17±4.17

16.7±10.54
0.33±0.16
0.7±18
4.2±2.0
8.3±4.7
0.42±0.20
Absent
7.1±0.23
1.02±0.003
4.17±4.17

3.33±2.1
0.25±0.17
0.7±18
2.5±1.7
3.3±2.1
0.25±0.17
Absent
6.8±0.17
1.006±0.003
4.17±4.17

1.67±1.67
0.16±0.10
0.25±0.15
1.7±1.1
1.7±1.7
0.17±0.10
Absent
6.7±0.11
1.004±0.003
4.17±4.17

Absent
0.08±0.08
0.25±0.15
0.83±0.83
Absent
Absent
Absent
6.5±0.12
1.004±0.002
Absent

*Blood (RBC/µL) +10, ++50, +++250, **Leucocytes (WBC/µL) +25, ++75, +++500. Absent: No color change observed. RBC=Red blood cell, WBC=White blood
cell, VC=Vernonia cinerea

Table 3: Effect of hydro‑alcoholic extract of Vernonia
cinerea on urine volume in urolithiatic animals‑curative/
preventive dose
Group
Normal
Calculi induced
Standard curative
Standard preventive
VC curative
VC Preventive‑I
VC Preventive‑II
VC Preventive‑III

Day 14 (mL)
9.5±0.95
4.5±0.42***
6.5±0.42##
6.5±0.42
6.0±0.57##
5.0±0.36
5.3±0.33
6.2±0.31

Day 28 (mL)
10.3±0.49
3.7±0.33***
9.2±0.31
8.5±0.43###
7.8±0.47##
5.3±0.33
6.2±0.70##
7.7±0.42###

***P<0.001=Significant as compared with normal, ##P<0.01=Significant as
compared with calculi‑induced. VC=Vernonia cinerea

a

b

c

d

e

f

g

h

Table 4: Effect of hydro‑alcoholic extract of Vernonia
cinerea on change in body weight in urolithiatic
animals curative/preventive dose
Group
Normal
Calculi induced
Standard curative
Standard preventive
VC curative
VC Preventive‑I
VC Preventive‑II
VC Preventive‑III

Day 0 (g)
182±4.47
190.8±3.92
192.5±5.95
194.2±10.57
161.2±7.09
209.2±3.51
197.7±9.72
198.7±13.59

Day 14 (g)
202±3.24
169.7±3.47
166.2±5.84
196±11.05
145±5.63
192.2±5.54
180.8±10.17
190±12.45

Day 28 (g)
226.8±7.34
146.3±3.92***
188.7±6.35##
198.2±10.64
156±6.34
201.7±3.32
193±9.56
200±12.28*

***P<0.001=Significant as compared with normal day 0, ##P<0.01=Significant
as compared with calculi‑induced day 28, *P<0.05=Significant as compared
with calculi‑induced day 28. VC=Vernonia cinerea

Figure 2: Histopathological examination of kidney section of. (a) Normal control,
(b) calculi‑induced, (c) standard curative, (d) standard preventive (e) Vernonia
cinerea curative, (f) Vernonia cinerea Prev. I, (g) Vernonia cinerea Prev. II
(h) Vernonia cinerea Prev. III

Discussion
normal control animals (Group I). A significant (P < 0.001)
CaOX crystal deposition was observed in calculi‑induced group
II. The associated abnormalities such as peritubular congestion,
glomerular congestion, epithelial desquamation, blood vessel
congestion, and inflammation of cells were noted [Figure 2b].
Both, curative [Figure 2c] and preventive [Figure 2d] treatment
with cystone and extract [Curative - Figure 2e and Preventive
I (2f), II (2g), III (2h) resp.] decreased CaOX depositions and
associated abnormalities significantly.
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Kidney stone formation is an aggravating disease condition for
human being. The patients seeking treatments in present days
will be prescribed with alkalizers, diuretics, anti‑inflammatory,
analgesics, and antispasmodic drugs. Not only this, the
technological advancements provides the treatments like
ESWL, surgery, percutaneous nephrolithotripsy to get rid of
uroliths.[19] However, these techniques are associated with
various side effects such as hemorrhage, hypertension, tubular
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necrosis, and cell injury. Moreover, these techniques are not
capable of avoiding the stone formation, as recurrences of
stones were observed.
In traditional system of medicine, many herbs, and herbal
products are used to prevent and treat kidney stone. The
reports suggest that the alternative system of medicine,
i.e., plant‑based drugs have significant effect in preventing
and treating urolithiasis. It is essential to standardize these
phytotherapeutic substances and establish a rationale behind
their use.[2]
In the present study, evaluation of antiurolithiatic property of
hydro‑alcoholic extract of V. cinerea was carried out. Animal
selection was done based on the physiological resemblance
with human system; male Wister albino rats were used for the
study. As per the earlier reports, male rats are more susceptible
for stone formation than female due to the inhibitory action of
female sex hormones.
In the present study, ethylene glycol‑induced urolithiasis model
was used. From the evidence of earlier reports, the metabolic
pathway involved in stone formation is ready absorption
and metabolism of ethylene glycol into glycolic acid in liver
through alcohol dehydrogenase or aldehyde dehydrogenase.
Oxidation of glycolic acid leads to the formation of glyoxylic
acid, which is oxidized to oxalic acid by lactate dehydrogenase
or glycolate oxidase.[5]
The major risk factors in urolithiasis are decreased urine
output, elevation in pH, hyperoxalurea, and hypercalciurea.
To determine the characteristic types of kidney stones, urine
analysis plays an important role.
As compared with vehicle‑treated Group I, in Group II, there
was a remarkable decrease in urine output which is indicative
of the performed stones. Whereas, a progressive improvement
in the animals treated with Cystone (curative Group III and
preventive Group IV) and hydro‑alcoholic extract of V. cinerea
(curative Group V and preventive Group VI, VII, and VIII)
was recorded. The decreased glomerular filtration rate (GFR)
is the result of an obstruction in urine output in urolithiatic
condition. This accounts for supersaturation of urine with
calcium, oxalate, and phosphates. The improvement in GFR
suggests preventive as well as curative therapeutic efficacy of
hydro‑alcoholic extract.
In urolithiasis, nucleation, and aggregation of various types of
stones is pH dependent. Usually, at pH <5.5 uric acid stones are
predominant whereas calcium oxalate and calcium phosphate
stones occur at pH >7.2. In normal control Group I, the pH of
urine was found to be 6.5 ± 0.12.
The significant alteration in pH (8.3 ± 0.25) in calculi‑induced
Group II confirms the presence of kidney stones. While the
animals treated with hydro‑alcoholic extract, do not show any
statistically significant change in pH, except Group VI where
a slight increase was observed which may be attributed to
lower dose. The stone formation was further supported with
the presence of abnormal constituents such as protein and
blood in urine, which is the result of nephritic injury caused by
stones. The proportion of protein and red blood cells (RBC’s)
Indian Journal of Pharmacology - Vol 48, Issue 4, August 2016

content is dose dependent in case of extract treated group
while it was highest in calculi‑induced Group II (15 ± 5 and
183.3 ± 42.2, respectively). This dose‑dependent decrease in
protein and RBC content may be due to the inhibitory effect
of the hydro‑alcoholic extract.
Kidney stone is the major factor to create mental and
physiological imbalance. This can be identified by significant
decrease (P < 0.001) in body weight in calculi‑induced
Group II. This weight loss is due to decreased food intake,
which may be due to the physiological imbalance and mental
stress developed. In contrary, treatment with standard drug
cystone and extracts brought down the undesired physiological
changes and mental stress developed, toward normal
condition. Cystone and hydro‑alcoholic extract showed better
diuretic and/or antiurolithiatic effect which in turn avoids
stone formation. This results in increased diet and subsequent
increase in body weight.
The characteristic shape, size observed in microscopic study,
and earlier observation confirms the predominant CaOX
crystals present in calculi‑induced Group II. It was evident
from the observation that the groups treated with cystone
and extract (higher dose) show the absence of stones. This
absence and gradual decreased amount of crystals was in
accordance with the dose administered. The effect observed
may be due to the prevention of urine saturation with
stone‑forming components or dissolution of performed
crystals. This observation was suggestive of promising
lithotriptic effect.
The decreased urine excretion was due to the crystal
deposition resulting in decreased GFR and subsequent
obstructive urine output. This reduction in urine output
causes accumulation of nitrogenous waste products such as
creatinine, urea, and uric acid in blood which was observed in
serum analysis. In Group II (diseased), a remarkable increase
in serum BUN, creatinine, and uric acid was observed. This
suggests the damage to glomerulus and kidney tubule.[20]
However, the groups treated with standard cystone and
hydro‑alcoholic extract; statistically significant increase in
the concentration of nitrogenous waste products was not
observed. The probable underlying cause for this may be due
to diuresis or dissolution of performed crystals or prevention
of nucleation and aggregation of stones.
It is well‑defined that the major cause for urolithiasis is believed
to be hyperoxalurea. There was a significant rise (P < 0.001)
in kidney homogenate contents of oxalates and phosphates
in calculi‑induced Group II. This accelerates the process of
stone formation. Increased oxalate concentration is more
crucial factor than calcium in urolithiasis. The enhanced stone
formation is the result of increased urinary calcium, causing
aggregation, and crystal growth. However, this process of
stone formation was hindered by decreased oxalate levels,
reduced calcium excretion, and maintained phosphate levels
in urine, which was observed in the animals treated with
hydro‑alcoholic extract.
Accumulation of irregular shaped polymorphic crystals in
the tubules was observed in histopathological examination
of kidney sections. The increased oxalate and calcium
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concentrations cause dilation of proximal tubules and interstitial
inflammation in kidney as observed in calculi‑induced Group
II [Figure 2b]. A remarkable prevention as well recovery
in renal damage was observed in the animals treated with
hydro‑alcoholic extracts of V. cinerea. . [Preventive dose - Group
VI < Group VII < Group VIII (Figure 2f < 2g < 2h respectively)
and Curative dose Group V [Figure 2e].

Conclusion
The antiurolithiatic effect reported in the data supports the
claims and its inclusion as one of the major ingredients of
well‑known marketed preparation cystone. Although the exact
underlying mechanism is not known, a hypothetical conclusion
may be drawn. The hydro‑alcoholic extract of V. cinerea exerted
its efficacy by decreasing the concentration of stone‑forming
components in turn inhibiting lithogenesis. The therapeutic
effect of plant extract may also be due to diuretic property
or dissolution of kidney stones formed or may be synergistic
effect of all.
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ABSTRACT
Objective: To survey the pharmacognostical characteristics and in vivo anticonvulsant activity of chloroform, alcoholic
and aqueous extracts of whole plant of Cassia occidentalis Linn. Methods: Cassia occidentalis Linn Negro coffee whole
plant were successively extracted using chloroform, alcoholic and aqueous solvents. The extracts were screened for
phytochemicals using HPTLC and GCMS techniques. The extracts were also screened for acute toxicity and anticonvulsant
activity, against MES and PTZ induced convulsions, using Wistar albino rats. Results: The phytochemical screening study
reveals the presence of more chemical constituents in chloroform extract followed by alcoholic and aqueous extract. We
found no significant changes in average body weight of animals, up to tested oral dose of 3000 mg/kg, during acute toxicity
study. The in vivo study reveals the anticonvulsant activity of chloroform and alcoholic extract against MES and PTZ
induced convulsions. The chloroform extract is found to be more potent, similar to Phenytoin, in controlling both MES and
PTZ induced convulsions than alcoholic and aqueous extracts. Conclusions: The results obtained suggest that the
chloroform extract of whole plant of Cassia occidentalis Linn has remarkable anticonvulsant activity. Also, our study
indicates the potential application of Cassia occidentalis Linn whole plant in the treatment of convulsive disorders as a
need of modern health science. However, the further studies are needed to screen the active constituent having
anticonvulsant effect.
Keywords: Negro coffee, Kasamardah, anticonvulsant activity, TLC, HPTLC, and GCMS
INTRODUCTION
Herbal medicine is also called botanical medicine or
phytomedicine. It is referring to using a plant's bark leaves
seeds, berries, roots or flowers for medicinal purposes. In
conventional medicine, Herbalism has a long tradition of
use was reported1 and herbal medicine is an integral part
of traditional medicine (TM) and has a broad range of
characteristics elements and which earned it the working
definition from the World Health Organization (WHO).
Globally, people developed unique indigenous healing
traditions adapted and defined by their culture, beliefs and
environment, which satisfied the health needs of their
communities over centuries was studied2. The use of
herbal medicinal products and supplements has increased
enormously over the past 3 decades with not less than 80%
of people worldwide relying on them for various part of
primary health care system and this history has obviously
witnessed a tremendous flow in recognition in natural drug
therapies by public interest both in developing and
developed countries3-5. The global pharmaceutical market
was worth US $550 billion in 2004 and is expected to
exceed US $900 billion by the year 2009. According to
WHO estimates, the present demand for medicinal plants
is US $14 billion a year and by the year 2050. In India,

*Author for Correspondence: mc_mahanthesh@rediffmail.com

around 25,000 effective plant-based formulations are used
in traditional and folk medicine. More than 1.5 million
practitioners are using the traditional medicinal system for
health care in India and it is estimated that more than 7800
manufacturing units are involved in the production of
natural health products and traditional plant-based
formulations, in India which requires more than 2000 Tons
of a medicinal plant raw material annually was studied6.
Name Epilepsy is of a brain disorder, characterized by
recurrent and unpredictable interruptions of normal brain
function, called epileptic seizures7,8. The prognosis of
anticonvulsants seizures in most patients by currently
available drugs of anticonvulsant, suffer the neurotoxicity,
teratogenic and other dose related side effects9.
Botanical name: Cassia occidentalis (Linn)
Synonym: Senna occidentalis
Family: Leguminose
Sub Family: Caesalpiniaceae
English: Negro coffee, Stinking weed
Hindi: Kasaumdi, Barikasaumdi
Kannada: Doddagace
Malayalam: Ponnaviram, Ponnariviram
Sanskrit: Kasamardah
Tamil: Ponnavirai, Peraviral, Nattam takarai
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Figure 1: Cassia Occidentalis Linn whole plant
Table 1: The physicochemical characteristics of Cassia occidentalis Linn whole plant are shown in table1.
S. No
Parameters
As Per Literature
Observation
Physical Tests
Nature
Coarse powder
Coarse powder
1.
Color
Yellowish color
Yellowish color
Odour
Odourless
Odourless
Taste
Tasteless
Tasteless
Extractive Value
Pet. Ether (40-60)
-2.978
2.
Chloroform
-2.627
Alcoholic
-3.150
Aqueous
-4.274
3.
Loss on Drying
2.383
Ash values
Total ash
-3.76 % w/w
4.
Acid insoluble ash
-2.6 3%
Water soluble ash
-1.26% w/w
Fluorescence analysis
-Dark fluorescence
Table 2: The Percentage Yield of Cassia occidentalis
whole plant are shown in table 2.
S.
Extract
Nature of
Weight
%
No
Extract
(g)
Yield
w/w
1
Chloroform
Semisolid
3.721
1.090
(300gm)
viscous
2
Alcohol
Semisolid
4.31
2.100
(300gm)
viscous
3
Aqueous
Semisolid
6.643
3.567
(300gm)
viscous
Telugu: Kasinda (Fig 1)
Throughout India, it grows abundantly on wastelands
immediately after the rains. A diffuse offensively odorous
under shrub with furrowed sub glabrous branches, leaflets
3-5 pairs, flowers yellow, in short peduncled few flowered
racemes, fruits cylindrical or compressed, transversely
septate glabrous pods containing 20-30 seeds ovoid,
smooth and shiny dark olive green or pale brown. The
plant is bitter, sweet, and thermogenic, purgative,
expectorant. It is useful in cough, bronchitis, constipation,
fever, epilepsy and convulsions was shown10 and scattered

from the Himalayas to the Western Bengal, South India,
Burma and Ceylon was reported11. Growing throughout
India up to an altitude of 1,500 m. it is used in expectorant,
diuretic, leaves used internally and externally in scabies,
ringworm and other skin disease was reported12. The
pharmacological studies carried out by several workers
that indicate Cassia occidentalis possesses Toxicological
reproductive were testimony13 and Antidote of poison,
blood purifier, expectorant, anti-inflammatory agent, liver
disease was reported14. In Unani system of medicine
melanoblast cell line15, traditional medicine anti-allergic,
anti-inflammatory and anti-oxidant was also studied16. The
relaxant17, anti-nociceptive activity18 and skin diseases like
psoriasis; leprosy was premeditated19. In CCl4 induced
oxidative stress20 and antifungal, anti-diabetic21, Hepatoprotective was also studied22. The in vitro cytotoxicity and
antibacterial against eight human cancer cell lines from six
different tissues and four bacterial strains23, the mitotic
activity of root tip cells of Allium cepa and in vitro Antimalarial was reported24. Ant anxiety and antidepressant25,
Nephroprotective is repoted26 and also leaf extracts of
Cassia occidentalis were investigated against eleven
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Figure 2: Powder characteristics Cassia occidentalis Linn
Table 3: Results of Qualitative Chemical
Investigation of whole plant of Cassia occidentalis
Linn
Phytochemical
Solvents Name
Name
Pet.
Chlorof Alco Aque
Ether
orm
hol
ous
Alkaloids
+
+
Carbohydrates
+
+
+
+
Glycosides
+
+
Flavonoids,
+
+
+
Triterpinoids
+
+
Tannins
&
+
+
+
Phenolic comp
Steroids
+
+
+
+
Proteins
+
+
+
Amino Acids
+
Lipids
+
Saponine
+
+
+
+
+: present, -: absent
Gram-positive and four Gram-negative bacteria isolates
was reported27.
MATERIALS AND METHODS
Collection and authentification of plant material
In present study, the whole plant of Cassia occidentalis
Linn was collected from waste place surrounding area of
modala vittalapura, Shimoga (District), Karnataka. The
whole plant was authenticated from botanist Dr. S. R.
Yadav, Head of the Department, Department of botany
Shivaji University, Kolhapur, Maharashtra, India.
(University
TKCP/SU/BOT/
164/2011).
After

authentification, the whole plant was dried at room
temperature, until they were free from the moisture and
subjected to physical evaluation with different parameters.
Physicochemical constant study
Physicochemical parameters of powder drug such as total
ash, water-soluble ash, acid insoluble ash value and the
moisture content, by loss on drying method, were
determined28 Pet ether, chloroform, alcohol and water
soluble extractive values were determined to find out
amount of Pet ether, chloroform, alcohol and water soluble
components29. Fluorescence analysis of the Drug was also
performed30.
Macroscopic Examination
Macroscopic study of Cassia occidentalis like colour,
shape size taste and odour of the powder were determined.
The powder was cleared with chloral hydrate and stained
with concentrated hydrochloric acid, phloroglucinol to
identification of lignified elements, the presence of
ruptured xylem vessel, pericyclic fibers, secretory glands,
calcium oxalate crystals and medullary ray cells31.
Preparation of Extracts
The shade-dried whole plant of Cassia occidentalis Linn
were reduced to fine powder (# 40 size mesh) and around
300 gms of powder was subjected to successive hot
continuous extraction (soxhlet) with petroleum ether,
chloroform and ethanol. Finally, the drug was macerated
with chloroform-water. Each time before extracting with
the next solvent the powdered material was air dried in hot
air oven below 500 C. After the effective extraction, the
solvents were redistilled, the extract was then concentrated
on water bath and the extract obtained with each solvent
was weighed. Its percentage was calculated in terms of air-
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Figure 3: TLC of (A) Chloroform, (B) alcoholic and (C) aqueous extracts of Cassia occidentalis Linn whole plant

Figure 4: Interpretation of IR of (A) chloroform, (B) ethanol and aqueous extracts of Cassia occidentalis whole
plant
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dried weight of plant material. The colour and consistency
of the extracts was noted.
Phytochemical Screening
The presence of various phytoconstituents viz alkaloids,
carbohydrates, glycosides, flavonoids, triterpinoids,
phenolic, steroids and proteins, aminoacids, fats, fixed oil
and saponins were determined using suitable chemical
test32.
TLC Analysis
Analytical TLC plates were prepared by pouring the silica
gel G (TLC-grade; Merck India) slurry on the glass plates.
Thin layer plates were dried for 30 minutes in air and then
in an oven at 110 °C for another 30 minutes. For qualitative
exertion, the CE, AE and AqE extracts were spotted, in
duplicate, on TLC plate, about 2cm above from the bottom,
by using capillary tubes. The range of sample volume was
controlled, spreading not more than 0.5cm. For each
extract, three different solvent systems were used as
developing systems. For chloroform extract the solvent
systems used were CE-EA: M: W (100:13.5:10), CE-LPE:
EA: FA (75:25:1) and CE- nB: EA: GAA (40:40:29:1).
The aforesaid solvent systems were also used for alcoholic
extract (AE) and aqueous extract (AqE). The standard
abbreviations used are: CE= chloroform extract, EA= ethyl
acetate, M= methanol and W= water, LPE= light pet ether,
FA= formic acid, nB= n-butenol and GAA= glacial acetic
acid. The plates were placed in previously saturated TLC
chamber with mobile phase. The plates were developed in
respective mobile phase up to 80%, dried and spots were
visualized by exposing the plates to iodine vapor33.
FT-IR analysis
The IR spectrum of chloroform, alcoholic and aqueous
extract of whole plant of Cassia occidentalis Linn was
obtained using FT-IR Agilent-630 over the frequency
range from 4000-650 cm-1. The spectra were plotted
against Wave number cm-1 Vs Transmittance (%)34.
HPTLC Fingerprint
CAMAG HPTLC system equipped with Linomat 5
applicator, TLC scanner-3, repro star 3 with 12 bit CCD
camera for photo documentation, controlled by
WinCATS-4 software was used. All solvents used for
HPTLC analysis were purchased from MERCK. 100 mg
of extract was dissolved in 5ml of methanol and used, as
tests solution, for HPTLC analysis. 10µl samples were
spotted in the form of bands of width 8mm with a Camag
microlitre syringe on precoated silica gel glass plate 60F254. The distance between two tracks was 10 mm. An
application volume of 10μl was applied at a position of
10mm from the bottom on the plate and the length of
chromatogram run was 80mm from the application
position. The sample loaded plate was kept in TLC twin
trough developing chamber (after saturation with solvent
vapor for 30 minutes) containing mobile phase. The ethyl
acetate: methanol: water (3:5:8), Light pet. ether: ethyl
acetate: formic acid (3:5:8) and n-butanol: ethyl acetate:
GAA (3:5:8) were employed as mobile phases. Aforesaid
mobile phases were used for analysis of CE, AE, and AqE
of Cassia occidentalis whole plant. The linear ascending
development was carried out in 20cm x 10cm twin trough
glass chamber saturated with the mobile phase. The

Table 4: Observed functional groups of (A) chloroform
(B) alcoholic and (C) aqueous extracts of Cassia
occidentalis whole plant
(A) chloroform extract
Wave length Interpretation
(cm-1)
2921.95
Alkenes asymmetric C-H stretching
vibration band
2852.67
Alkenes asymmetric C-H stretching
vibration band
1709.84
C=O stretching vibration band
1460.07
Alkane-CH2-bending vibration band
1492.29
Alkane-CH2-bending vibration band
1379.71
-NO2 Nitro compounds
1269.96
C-C stretching vibration band
1186.02
C-N Amines
1035.65
C-O Alcohols, ethers, carboxylic acid,
esters stretching vibration
1117.90
C-N Amines
1081.11
C-O Alcohols, ethers, carboxylic acid,
esters stretching vibration
969.40
Vinyl C=C bending vibration band
665.01
C-H Aromatic rings
(B)Alcoholic extract
3339.41
C≡C-H stretching vibration band
2933.04
Alkenes asymmetric C-H stretching
vibration band
1626.46
Aromatic carbon skeleton C=C
stretching vibration band
1399.99
-NO2 Nitro compounds
1350.84
-NO2 Nitro compounds
1224.71
C-C stretching vibration band
1033.70
C-O Alcohols, ethers, carboxylic acid,
esters stretching vibration
(C)Aqueous extract
3324.93
C≡C-H stretching vibration band
3240.64
Hydrogen –bonded alcohols, phenols
2936.96
Alkenes asymmetric C-H stretching
vibration band
2298.15
C≡C Alkynes
1397.24
-NO2 Nitro compounds
1234.29
C-C stretching vibration band
1043.28
C-O Alcohols, ethers, carboxylic acid,
esters stretching vibration
developed plate was dried by hot air to evaporate solvents
from the plate and the plate was fixed in scanner stage and
scanning was done at 254nm. Densitometric scanning was
performed on CAMAG TLC Scanner-3 and operated by
CATS software (V 4.63, Camag). The scanner converts
bands into peaks, peak height and area which were related
to the concentration of the substance on the spot35.
GC-MS Analysis
GC-MS analysis of the extracts was performed with
Shimadzu system and Gas chromatograph interfaced to a
Mass spectrometer (GC-MS, 2010) equipped with an Elite1 fused silica capillary column (RTZ i 5ms; 30 mm x 0.25
mm 1D). For GC-MS detection, and electron ionization
system with ionizing energy of 70 eV was used. Helium
gas (99.999%) was used as the carrier gas at constant flow
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Figure 5: HPTLC - spectral analysis of (A) chloroform, (B) ethanol and (C) aqueous extracts of Cassia occidentalis
spectra and chromatograms was a turbo mass.
Table 5: HPTLC - spectral analysis of chloroform ethanol and aqueous extracts of Cassia occidentalis whole plant
Samples
Peak
Rf
Max
Max %
Area
Area %
Assigned
Height
substances
1
0.01
121.1
8.80
2591.3
5.15
Unknown
2
0.43
67.9
4.94
2122.0
4.22
Unknown
Chloroform
3
0.57
80.0
5.81
4142.8
8.23
Unknown
4
0.71
108.1
7.85
4865.0
9.67
Unknown
5
0.81
116.1
8.44
4617.4
9.18
Unknown
6
0.92
453.8
32.98
19826.7
39.41
Unknown
7
0.95
429.0
31.18
12143.4
24.14
Unknown
1
0.00
612.2
89.06
25501.1
92.0
Unknown
Ethanol
2
0.37
15.0
2.18
455.3
1.84
Unknown
3
0.64
13.0
1.89
393.0
1.42
Unknown
4
0.72
17.2
2050
707.9
2.55
Unknown
5
0.93
30.0
4.36
858.8
2.38
Unknown
1
0.01
427.9
50.47
10761.2
46.24
Unknown
2
0.08
88.9
10.49
3176.7
13.65
Unknown
3
0.21
49.4
5.83
1820.4
7.82
Unknown
Aqueous
4
0.42
93.9
11.08
3338.9
14.35
Unknown
5
0.55
25.1
2.96
595.6
2.58
Unknown
6
0.59
24.0
2.83
544.8
2.34
Unknown
7
0.85
25.2
2.97
723.8
3.11
Unknown
8
0.78
20.3
2.39
459.0
1.97
Unknown
9
0.86
44.3
5.22
900.1
3.87
Unknown
10
0.90
48.9
5.76
948.7
4.08
Unknown
rate of 1 ml/min and an injection volume of 2µl was
employed (Split ratio of 50:50). The injector temperature
of 250 °C and ion-source temperature of 250 °C was used.
The oven temperature was programmed from 80 °C
(isothermal for 3 min), with an increase of 10 °C/min, to
280 °C, ending with a 10 min isothermal at 280 °C. Mass
spectra were taken at 70 eV, a scan interval of 0.5 seconds
and fragments from 40 to 550 Da. The total GC running
time was 33 min. The relative % amount of each
component was calculated by comparing its average peak
area to the total areas. The software adopted to handle mass

Interpretation on mass spectrum of GC-MS was done using
the database of National Institute of Standard and
Technology (NIST) having more than 62,000 patterns. The
mass spectrum of the unknown component was compared
with the spectrum of the known components stored in the
NIST library. The name, molecular weight and structure of
the components of the test materials were ascertained.
Acute Toxicity Study
The experimental protocol was approved by the
Institutional Animal Ethics Committee of Tatyasaheb
Kore College of Pharmacy, Warananagar, (Maharashtra),
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Figure 6: GC-MS Analysis of (A) Chloroform (B) Alcoholic and (C) Aqueous extracts of Cassia occidentalis
whole plant
India (Ref.No.IAE/TKCP/2012/11, date: 21/12/2012) and
animals were maintained under standard conditions in the
animal house approved by Committee for the Purpose of
Control and Supervision on Experiments on Animals
(CPCSEA). The acute toxicity of the extract was
determined by the method of Reed and Meunch36 on
Wistar albino rats. 35 Wistar albino rats of either sex,
weighing 185-200g were divided into 7 groups, each
containing five animals. The rats were fasted for 18 hours,
with water and libitum. The animals were administered
with solution of chloroform extract of Cassia occidentalis
Linn whole plant in distilled water and Tween 20 mixture.
The aqueous solutions of extracts containing 2% Tween 20
were administered to rats orally. The dose was
administered by gavage using a stomach tube. Group 1 was
kept as untreated control. Group 2, 3, 4, 5 and 6 were
administered orally with a dose of 250, 500, 1000, 2000
and 3000 mg/kg body weight, respectively. Group 7 was
given 2% Tween 20 in distilled water and kept as vehicle
control. The number of animals dead in each group, after
72 hours of administration of the drug was recorded and
results were tabulated. Table 637.
Anticonvulsant Activity
Anticonvulsant activity of CE, AE, and AqE of Cassia
occidentalis Linn whole plant was screened against MES
and PTZ induced convulsions on group of six albino rats
of either sex. The activity was compared with standard
Phenytoin 38.
MES Induced Method: 1. Animals were weighed,
numbered and divided into five groups each consisting 6
rats. One group was used as control (Saline treated) and the

other as reference standard (Phenytoin treated). 2. Animal
were placed with ear clip electrode and electric current of
150mA was applied for 0.2sec and noted the different
stages of convulsions, i.e. a) tonic flexion, b) tonic
extensor, c) clonic convulsion d) stupor and e) recovery or
death. Also recorded the time (in sec) spent by the animal
in each phase of convulsions. Repeated the same for other
animals of the control group. 3. The animals were injected
with Phenytoin intraperitonially (25mg/kg i.p) and after 30
minutes the animals were subjected to electro convulsions
as described in step two. 4. Noted the reduction in time or
abolition of tonic extensor phase of MES convulsions. 5.
The CE, AE, and AqE of Cassia occidentalis Linn whole
plant were dissolved in water containing 2% Tween-20.
And the steps from 2 to 4 were repeated to determine the
anticonvulsant activity of CE, AE, and AqE of Cassia
occidentalis Linn whole plant with group 3, 4 and 5,
respectively. 6. The extracts were tested at a dose of 200
mg/kg orally and the results are tabulated.
PTZ Induced Method: 1. Animals were weighed,
numbered and divided into five groups each consisting 6
rats. Group one was used as control (pentylenetetrazol
treated; 80 mg/kg) and the group 2 was used for studying
the protective effect of diazepam (at dose of 4mg/kg). 2.
The control group animals were injected with
pentylenetetrazol (80 mg/kg) intraperitonially and noted
the onset of action (indicated by straub’s tail, jerky
movements of whole body and convulsions) and severity
of convulsion. 3. The second group animals were first
injected with diazepam intraperitonially and after 30
minutes, the pentylenetetrazol was injected to the same
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Figure 7: MS of Phenol, 2, 4 bis (1,1dimethylethyl) Phenol: C 14H22O; MW: 206

Figure 8: MS of Asarone: C12H16O3; MW: 208

Figure 9: MS of 1, 2-Benzenedicarboxylic acid: C24H38O4; MW: 390

Figure 10: MS of Dotriacontane: C32H66; MW: 450

Figure 11: MS of 4H-Pyran-4-one: C6H8O4; MW: 144

Figure 12: MS of 1, 3-Diazacyclo octane-2-thione: C6H12N2 S; MW: 144
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animals and noted either delay or complete abolition of
convulsions. 4. The CE, AE, and AqE of Cassia
occidentalis Linn whole plant were dissolved in water
containing 2% Tween-20 and the step 2 and 3 were
repeated to determine the anticonvulsant activity, of CE,

AE, and AqE of Cassia occidentalis Linn whole plant,
with group 3, 4 and 5, respectively. 5. The extracts were
tested at a dose of 200 mg/kg orally and the results are
tabulated.

Table 6: GC-MS investigation of chloroform extracts of Cassia occidentalis (Linn)
S.
Compound Name
R. Time
Peak Area
% Peak
No
Area
(A) Chloroform extract of Cassia occidentalis whole plant
1
4-Hydroxy-3-methyl acetophenone:
13.488
403698
1.37
C9H10O2 MW: 150

Structure

OH
O
CH3

H2C

2

Phenol, 2,4-bis(1,1dimethyl) phenol:
C14H22O; MW: 206

16.039

184031

H3C

6.24

CH3
HO

CH3

H3C
CH3

H3C

3

Hexadecane: C17H36; MW: 240

17.001

120361

4.08

4

Octadecane:C18H38; MW: 254

17.350

136361

4.62

5
6

Docosane: C22H46; MW: 310
Asarone: C12H16O3; MW: 208

19.276
20.614

279816
889158

9.48
0.13

H3C

CH3

H3C

CH3

H3C

CH3

O

CH3
CH3
O

H3C
O
CH3

7
8
9
10

Heneicosane: C21H44; MW: 296
Hexadecanoic acid: C17H34O2; MW: 270
Octadecanoic acid: C21H38O4; MW: 354
1, 2-Benzenedicarboxylic acid:
C24H38O4; MW: 390

20.991
26.535
26.827
27.921

622539
186965
214416
277148

21.09
6.34
7.27
9.39

H3C

CH3

O

H3C

CH3

O

O

H3C
H3C

CH3

O

H3C
O

O
O
O

CH3
CH3

11
12
13
14

1

Nonacosane: C29H60; MW: 408
Tetratetracontane: C44 H90; MW: 618
Dotriacontane: C32H66; MW: 450
Tetrapentacontane: C54H110; MW: 758

CH3

H3C
H3C

CH3
CH3

H3C
H3C

CH3

(B) Alcoholic extract of Cassia occidentalis whole plant
Phenol: C6H6O; MW: 94
8.056
625294
1.60
OH

2

Phosphonic acid(P-hydroxyphenyl):
C6H7O4; MW: 174

14.381

168690

4.32

3

Decanoic acid: C12H24O2; MW: 200

20.940

106653

2.73

H3C

O

4

Pentadecanoic acid: C17H34O2; MW:
270

21.131

472557

12.10

H3C

O

Undecanoic acid: C13H26O2; MW: 214

23.903

OH

CH3
O

5

CH3
O

503622

12.90

H3C

O
O
CH3
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6

Hexadecanoicacid: C16H32O2; MW: 256

24.829

159909

40.95

O

CH3
OH

7

8

Pentadecanoic acid: C15H30O2; MW:
242

26.234

Dotriacontane: C32H66; MW: 450

28.923

557199

14.27

O

CH3
OH

435016

11.14
H3C

9

Nonacosane: C29H60; MW: 408

10

Tetrapentacontane: C54H110; MW: 758

CH3

H3C

CH3

H3C

11

CH3

Tetratetracotane: C44 H90; MW: 618

CH3

H3C

12

Tetracosane: C24H50; MW: 338

CH3

H3C

13

Pentatriacontane: C35H72; MW: 492

1

(C)Aqueous extract of Cassia occidentalis whole plant
Phenol: C6H6O; MW: 94
7.738
455353

H3C

CH3

9.48
OH

2

Phosphonic acid (P hydroxyphenyl):
C6H7O4; MW174

10.752

3

4H-Pyran-4-one: C6 H8O4; MW: 144

24.079

4

3-dioxane(1-Methoxycarbonyl-1methyl):C9 H17NO4; MW: 203

388410

8.09
OH

395815

82.43

O

H3C

O

O
OH

HO

H3C

5

OH

HO

O

1,3-Diazacyclooctane-2-thione: C6H12N2
S; MW: 144

CH3
O

O

O
N
O

6

CH3
CH3

Pentatriacontane: C35H72; MW: 492
H3C

CH3

RESULTS AND DISCUSSION
Physicochemical analysis
Macroscopic Examination
The Powder was characterized on its morphological
features as color; yellowish, taste; tasteless and odour;
odourles of the powder were determined. The powder was
cleared with chloral hydrate and stained with concentrated
hydrochloric acid, phloroglucinol to identification of
lignified elements, the presence of ruptured xylem vessel,
pericyclic fibers, secretory glands, calcium oxalate
crystals, medullary ray cells were observed (Fig 2)
Pytochemical Screening
The preliminary phytochemical analysis revealed the
presence of glycosides, flavonoids, triterpinoids,

carbohydrates, steroids, phenolic compounds, saponins,
amino acids and proteins (Table 2).
TLC Analysis
The CE, AE and AqE of whole plant of Cassia occidentalis
Linn were subjected to TLC analysis in order to identify
the phytochemicals. The TLC of CE, AE and AqE of
whole plant of Cassia occidentalis Linn are shown in Fig
3. The figure clearly depicts very predominant spots for CE
as compared to AE. All spots were observed, no tailing.
However, no spot was observed with AE in LPE: EA: FA
solvent system. The less intense spots, as compared to CE,
were observed with AE in all three solvent systems. In case
of AqE we found very less intense spot and tailing with

LPE: EA: FA solvent system and found no spots with LPE:
EA: FA solvent systems. The TLC profiling of plant
extracts in different solvent system reveals the presence of
diverse group of phytochemicals in CE and AE as
compared to AqE.

FT-IR analysis
Infrared spectroscopy is one of the powerful analytical
techniques which offer the possibility of chemical
identification. The technique is based on the simple fact
that chemical substance shows selective absorption in
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Table 7: Acute Toxicity Studies of Cassia occidentalis whole plant
Ave, Weight of
Dose
Group
Animals
mg/kg
Death After
24
48
72
Hrs
Hrs
Hrs
I
187.4±8.79
250
-

No. of Survived
Animals

Ave, Weight of
Animals

5

183.4±4.27

II

173.8±11.38

500

-

-

-

5

175.1±10.10

III

191.2±4.49

1000

-

-

-

5

192.1±2.20

IV

185.0±11.95

2000

-

-

-

5

186.0±9.70

V

185.8±11.71

3000

-

-

-

5

182.9±8.51

VI
188.4±6.61
5
189.0±8.31
Note: The animals were reused, after 10 days of washing period, to perform toxicity study of alcoholic and aqueous
extracts of Cassia occidentalis
infrared region. After absorption of IR radiations, the
molecules vibrate, giving rise to absorption spectrum. It is
an excellent method for the qualitative analysis because
except optical isomers, the spectrum of compound is
unique. It is most useful for the identification of purity and
gross structural details. This method is useful in the field
of natural products, forensic chemistry and in industrial
analysis of competitive products. The IR spectrum of
chloroform, alcoholic and aqueous extract of Cassia
occidentalis whole plant are shown in the fig 4. The
absorption peaks corresponding to different functional
groups of CE, AE and AqE extracts are shown in table 3.
HPTLC Analysis
HPTLC technique is most simple and fastest separation
technique available today which gives better precision and
accuracy with extreme flexibility for various steps. The
HPTLC fingerprinting of CE, AE and AqE are shown in
Fig. 5A, 5B and 5C, respectively. The results showing
number of peaks, maximum Rf value, maximum height and
total % area are given in Table 4. The Fig 5A, 5B and 5C
clearly indicate that all samples constituents are clearly
separated without any tailed and diffuseness. It is evident
from Fig 5 that the AqE shows more number of peaks (10
peaks) as compared to CE (7 peaks) and AE (5 peaks). The
CE shows 7 peaks and the maximum percentage area
covered is by peak 2 (Rf value 0.92 and 0.95) (Fig. 5A).
The AE shows 5 peaks and the maximum percentage area
covered is by peak 1(Rf value 0.00) (Fig. 5B). The AqE
shows 10 peaks and the maximum percentage area covered
is by peak 1 (Rf value 0.01) (Fig 5C). The HPTLC results
clearly reveals that the more number of phytochemicals are
present predominantly in aqueous extract as compared to
chloroform and alcoholic extracts which shows only one
predominant component. The other components present in
the extracts are found to be less predominant and found in
less concentration. Form the HPTLC study it is very clear
that the CE, AE and AqE extract containing not only a
single compound but a mixture of compounds.
GC-MS Analysis
GC-MS is a hyphenated system which is a very compatible
technique and the most commonly used technique for the

identification and quantification purpose. The unknown
organic compounds in a complex mixture can be
determined by interpretation and also by matching the
spectra with reference spectra39 (Ronald Hites., 1997).
Thus, GCMS analysis is the first step towards
understanding the nature of active principles of the
medicinal plant and this type of study will be helpful for
further detailed study. In the present study we analyzed the
CE, AE and AqE of Cassia occidentalis whole plant using
GC-MS in order to identify the number and type of
phytochemicals present in them. The components present
in CE, AE and AqE of Cassia occidentalis whole plant
were identified by GC-MS analysis (Fig 6). The name of
phytochemicals with their retention time (RT), peak area,
% peak area, molecular formula, molecular weight and
chemical structure are shown in Table 6. The result clearly
reveals the presence of total of 14, 13 and 6 compounds in
CE, AE and AqE, respectively. The major component
present in CE is heneicosane (21.09%) and the other
components of CE includes docosane (9.48%), 1,2
benzenedicarboxylic acid (9.39 %), octadeconoic acid
(7.27%), hexadeconoic acid (6.34%). From the results it is
found that the hexadecanoic acid (40.95%) and
Pentadecanoic acid (14.27%) are major components of AE
followed by undecanoic acid (12.90%) and dotriacontane
(11.14%), We, in AqE, found 4H, pyran 4-one (82.43%),
phenol (9.48%), 3-dioxane, 1,3 diazacyclooctane 2-thione
and phosphonic acid (8.09%) as chemical constituents.
The GC-MS analysis study concludes the presence of more
components in CE as compared to AE and AqE.
Toxicity study of Cassia occidentalis
The results of acute toxicity study of CE, AE, and AqE of
Cassia occidentalis whole plant are shown in Table 7. No
mortality was observed, at the tested dose up to 3000
mg/kg, during the study and this indicates that the LD50 of
the extracts was found to be more than 3000 mg/kg by oral
route. Also, we found, no significant changes in the body
weight of animals after 72 hr of dose administration
indicating the extracts were nontoxic at the tested dose up
to 300mg/kg. The similar results were observed with AE
and AqE of Cassia occidentalis whole plant
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Figure 13: Anticonvulsant activity of stem extract against (A) MES and (B) PTZ induced convulsion
Table 8: The Effect of MES Indused convulsions of Cassia occidentslis whole Plant
Drug
Dose
Route of
Time (Sec) in various phases of convulsions (Mean + SEM
mg /
Administration
Recovery/
Flexion
Extensor
Clonus
Stupor
kg
Death
b.w
Control
Oral
3.50±0.76
13.33±1.30
5.60±1.49
122.16±5.79
Recovery
(Salaine)
Standard
25
Intra peritoneal
2.83±0.60
00±00
00±00
00±00
Recovery
Phenytoin
(i.p)
Chloroform
200
Oral
1.83±0.47
2.83±0.70
00±00
19.00±3.07
Recovery
Alcoholic
200
Oral
2.50±0.76
5.00±1.57
00±00
153±6.17
Recovery
Aqueous
200
Oral
3.83±0.94
7.66±2.14
4.00±0.96
55.83±5.61
Recovery
Data was analyzed using one-way ANOVA followed by dunnet’s test. Values are mean ± SEM, N=6. ***p<0.05 when
compared with standard group.
Anticonvulsant activity
For inducing convulsion by electro shock, a rectangular
pulse current of high voltage 150mA is employed. The
electro shock was given to each rat for 0.2 seconds with
the help of convulsio meter through pinna electrodes. Drug
likely to be effective in Grandmal epilepsy usually confer
protection against electrically induced convulsion in
animals. Group 1 received saline, group 2 received
Phenytoin (25mg/kg) and group 3, 4, and 5 received
200mg/kg body weight of CE, AE and AqE of Cassia
occidentalis whole plant, respectively. The results are
tabulated in Table 8. The CE AE and AqE Phenytoin
treated groups exhibited significant (p<0.0001) reduction
in various phases of epileptic seizure on comparison with
the control group and the CE and AE treated groups
showed slight decrease in flexion phase(1.83±0.47 and
2.50±0.76), similar extensor(2.83±0.70 and 5.00±1.57)
and clonus phases, and significantly increased stupor phase
(19.00±3.07and 153±6.17) on comparison to standard,
Phenytoin treated, group (Figure 13A) and this can be
better correlate to the presence of few phytochemicals in
CE and AE following GC-MS analysis. The results reveal
that the AqE Cassia occidentalis whole plant shows less
anticonvulsant activity on comparison to control group
(Table 8 and Figure 8A). The anticonvulsant activity of
CE, AE and AqE of Cassia occidentalis whole plant is also
tested using PTZ method (Table 9 and Figure 13B). The

clonic seizures were induced in rats by intraperitonial
injection of 80mg/kg body weight PTZ. The latency to the
onset of clonic convulsions in non-protected rat and
lethality during the following 24hrs was recorded and
compared with standard and Extract treated groups to
evaluate the anticonvulsant activity. Group 1 received
diazepam (4mg/kg) intraperitonially, as a reference
standard, 30 minutes before PTZ. The animals were
observed for onset of convulsion up to 30 minute after PTZ
administration and later up to 24hrs. The latency (onset of
clonic), onset of tonic convulsions, and the status of
animals were recorded (Table 9). The Phenytoin and
extracts treated groups showed significant anticonvulsant
activity as compared to control group (P<0.0001). The CE
of Cassia occidentalis whole plant showed anticonvulsant
activity similar to Phenytoin. We observed no convulsions
and mortality with CE treated group as like with Phenytoin
treated group. In AE and AqE treated groups we observed
convulsions in 50% of rats and this indicates poor
anticonvulsant activity of AE and AqE as compared to
Phenytoin and CE. However, during the study, no
mortality was observed with AE and AqE treated group.
GABA is the major inhibitory neurotransmitter in the
mammalian CNS, and is widely implicated in epilepsy,
mediating inhibition of neuronal responsiveness
(excitability) and activity by increasing the chloride ion
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Table 9: The Effect of PTZ Indused convulsions of Cassia occidentslis whole Plant
Onset of (Sec. + SEM)
Drug
Dose
Route of
Martility
No. of
No. of
mg / kg
Adminstration
%
Onset
Animal
Animal
b.w
Survived
Convulsed
Control PTZ
80
Oral
00±00
0/6
6/6
100%
Standard
4+80
Intra peritoneal
00±00
6/6
0/6
0%
Diazepam+PTZ
(i.p)
Chloroform
200
Oral
00±00
6/6
0/6
0%
Alcoholic
200
Oral
00±00
6/6
0/6
0%
Aqueous
200
Oral
198.16±5.61
6/6
2/6
33.33%
Data was analyzed using one-way ANOVA followed by dunnet’s test. Values are mean ± SEM, N=6. ***p<0.05 when
compared with standard group.
conductance through opening of the chloride ion channel40.
Epilepsy is not a singular disease unit but a variety of
disorders reflecting underlying brain dysfunction that may
result from several dissimilar causes and for that reason,
there is continuing demand for new anticonvulsant agent
requirement in advancement of some novel anticonvulsant
drug with more selective activity and lower toxicity for the
effective treatment of epilepsy41. Electrical stimulation
causes seizures which passes through phases of tonic limb
extension, tonic limb flexion and clonus period42. The
generalised tonic clonic and cortical focal seizures predicts
activity against MES, while PTZ tests activity against
petitmal epilepsy or absence seizures and reduction in
duration of hind limb extensor phase, delay in the latency
of seizures are considered as anticonvulsant agents
important parameters43. On observation and reference to
reported data from Phytochemical tests it was clear that,
CE, AE and AqE extracts of Cassia occidentalis whole
plant showed the presence of glycosides, flavonoids,
alkaloids, triterpinoids, carbohydrates, steroids, phenolic
compounds, saponins, amino acids and proteins have been
implicated various pharmacological actions on central
nervous system(CNS) including anticonvulsant activity.
The anticonvulsant activity may be due to the presence of
glycosides, flavonoids and sterols in the extracts. From the
results we can conclude that the CE, and AE of Cassia
occidentalis whole plant possesses anticonvulsant activity
against MES and PTZ induced convulsions. The CE of
Cassia occidentalis whole plant is found more potent in
showing anticonvulsant activity than AE and AqE and
additional studies are required to find and isolate active
principles, to determine the mechanism of their
anticonvulsant action. Also our study suggests the
application of Cassia occidentalis whole plant in the
treatment of convulsive disorders as a need of modern
health science.
CONCLUSION
The present studies conclude and indicated that the activity
is mediated by a combination of two or more molecules
and the anticonvulsant effect of the chloroform extract of
Cassia occidentalis whole plant may be via non-specific
mechanisms and further experiments will be necessary to
identify the active molecules(s) and their mechanism(s) of
action.
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Potential Use of Solid Lipid Nanoparticles
for Transdermal Delivery of Acetyl Salicylic Acid
Kiran B. DESHPANDE * & Vinayak S. MASTIHOLIMATH
Department of Pharmaceutics, KLEU’s College of Pharmacy,
Belgaum, Karnataka, India.

SUMMARY. Solid lipid nanoparticles (SLN) based gel was developed for a potential transdermal delivery
of acetyl salicylic acid (ASA) by applying 23 full factorial design with design expert 8.0.7.1 software
(STATEASE, Inc. USA), using microemulsion method. Developed ASA-SLN enriched gel was characterised for drug content, spreadability and pH. Optimized SLN5 was a suspension of nanosized homogeneous particles which was remained within the colloidal range and it was uniformly dispersed after suitably gelled by carbopol preparation. Optimized ASA-SLN enriched gel was assessed for skin permeation,
antithrombotic and anti-inflammatory activity. The results of in vitro permeation studies through rat skin
revealed that developed ASA-SLN enriched gel has prominent permeation profile compared with normal
ASA gel without skin irritation. The maximum concentration in plasma was found to be 265 μg/mL after
transdermal administration of optimized ASA-SLN enriched gel. Results of present study revealed that
optimized formulation assured to be a potential vehicle for transdermal delivery of ASA.
RESUMEN. Un gel a base de nanopartículas lipídicas sólidas (SLN)fue desarrollado para una administración
transdérmica potencial de ácido acetilsalicílico (AAS) mediante la aplicación de diseño factorial completo 23 utilizando el software de diseño 8.0.7.1 (STATEASE, Inc. EE.UU.), utilizando el método de microemulsión. El gel
AAS-SLN enriquecido desarrollado se caracterizó por el contenido de droga, extensibilidad y pH. SLN5 optimizado es una suspensión de partículas homogéneas nanométricas que se mantuvieron dentro del rango coloidal y
se dispersa uniformemente después de ser convenientemente gelificado mediante la preparación de carbopol. El
gel enriquecido ASA-SLN optimizado se evaluó en cuanto a permeación dérmica y actividades antitrombótica y
anti-inflamatoria. Los resultados de estudios in vitro de penetración a través de la piel de ratas revelaron que el
gel enriquecido ASA-SLN desarrollado tiene un perfil prominente de permeabilidad en comparación con el gel
normal de ASA y sin irritación de la piel. La concentración máxima en el plasma se encontró que era de 265
μg/mL después de la administración transdérmica de gel enriquecido ASA-SLN optimizado. Los resultados de
este estudio revelaron que la formulación optimizada aseguró ser un vehículo potencial para la administración
transdérmica de ASA.
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Pharmacognostical and larvicidal evaluation of Artocarpus lakoocha Roxb.
from Western Ghats
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Mosquitoes are the most important single group of insects acting as vector for many tropical and subtropical diseases.
Using insecticides of plant origin to interrupt the life cycle, vector borne diseases can be controlled. Artocarpus lakoocha Roxb.
popularly known as Monkey Jack or Lakuch is ethnobotanically used to treat fever, purge, skin ailments and also as an
appetizer. The present study investigated the pharmacognostical and larvicidal activity of leaves and fruits of A. lakoocha
against Anopheles stephensi, Aedes aegypti and Culex quinquefasciatus larvae. As a step towards standardization of crude drug,
the powder microscopy, physico-chemical analysis, TLC studies and HPTLC profiles of active pet ether extract were
established. The larvicidal potential of successive solvent extracts were screened and expressed as LC50 values. The pet ether
extract of leaves and fruits were significant with LC50 241.36, 624.88, 1162.86 and 1180.95, 1286.69, 1398.69 µg/mL on the
three species, respectively compared to other extracts. The results indicate that the triterpenoids and phytosterols present in the
pet ether extract exerted a dose dependent larvicidal activity and the malarial vector, An. stephensi was more susceptible to the
pet ether extract.
Keywords: Artocarpus lakoocha Roxb., Aedes aegypti, Anopheles stephensi, Culex quinquefasciatus, HPTLC, Mosquito
larvicidal activity, Pharmacognostical evaluation.
IPC code; Int. cl. (2015.01)− A61K 36/00, A61K 127/00, A61K 131/00, A61P 29/00, A61P 33/06

Introduction
Natural products, especially from plants are
becoming popular in developed and developing
countries, due to herbal origin and lesser side effects.
According to the World Health Organization, 65–80
% of the world’s population relies up on the use of
medicinal plants to derive primary health care
benefits1. Industries manufacturing herbal drugs on
large scale face problems relating to quality,
authentication of crude drugs as well as
standardization protocols for crude drugs, extracts,
single and polyherbal formulations including quality
control parameters. Thus to reach the global standards
in herbal market, these problems needs to be
addressed2. In practice, when plants become reliable
sources for curing diseases, there arises need for
development
of
systematic
knowledge
by
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incorporating the features of identification,
authentication, official standardization and then only
of these herbal drugs should be utilized in
formulations3.
Mosquitoes are the vectors for many dreadful
diseases inflicting humans like malaria, dengue,
yellow fever, west nile encephalitis, lymphatic
filariasis, dengue and chikungunya4. One of the
effective methods to control these diseases is to target
the vectors at all stages of the mosquito life cycle for
interrupting the disease transmission5. Presently, the
vector control efforts are focused on larval and adult
stages.
Artocarpus lakoocha Roxb. commonly known
called as Monkey Jack or Lakucha is an evergreen
tropical timber yielding tree found in the high altitude
regions of Himalayan range of India, Nepal,
Bangladesh and China. It is also found invariably in
the lower, middle and higher altitude of Western
Ghats region6, from where the plant samples were
collected. Wood, leaves, fruits and seeds of
A. lakoocha are commonly used by the tribes and folk
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for fever, as appetizer and as aphrodisiac. In Bengal
and among the Mundas of Chotanagpur, the seeds and
the milk derived from seeds are popularly used as
purge. The infusion of the bark has been used to treat
skin ailments including sores and cracked skin7. In
culinary practice, it is substituted for tamarind due to
its sour and astringent properties8. The fine powder of
bark is an excellent purulent. The tribals of Assam
chew the bark, similar to betel nut and Miji tribes of
Arunachal Pradesh use the tender leaves of Lakucha
and Mangifera indica L. as a starter preparation for
alcoholic beverages (locally called Ongti)9. Major
phenolic compounds from the bark include lakoochins
A and B, oxyresveratrol and galangin10,11. Other
constituents include β-sitosterol, cycloartenol,
cycloartenone, α-amyrin acetate and lupeol
acetate11,12.
The present study was undertaken to establish
standardization profile and to investigate the
larvicidal potential of the leaves and the fruits of A.
lakoocha Roxb. against late 3rd/ early 4th instar larvae
of Anopheles stephensi, Culex quinquefasciatus and
Aedes aegypti.
Materials and Methods
Collection of plant materials

The leaves were collected during the flowering
season (March to April, 2013) and fruits during the
fruiting season (August to October, 2013) from the
Western Ghats of Karnataka. The authentication of
plant materials was done by Dr. Santhan P, Plant
Taxonomist of Natural Remedies Pvt Ltd, Bengaluru
and the herbarium specimen (223/2014 and 224/2014)
were deposited in Natural Remedies Pvt Ltd,
Bengaluru.
Pharmacognostical evaluation

The plant materials were freed from extraneous
matter, air-dried under shade, coarsely grounded,
sieved to forty-mesh size and stored in airtight
containers. Organoleptic investigations were carried
out according to standard protocols13,14. For
microscopic observations, the samples were preserved
in 50 mL of 50 % ethanol : glacial acetic acid :
formaldehyde (90:5:5). Microscopical sections and
powder microscopy samples were previously boiled
in chloral hydrate and treated with phloroglucinolhydrochloric acid reagent and examined under
microscope15. A systematic powder analysis of plant
materials was also carried out16. Digital
photomicrographs
of sections
and
powder

characteristics were recorded under compound
microscope with a built in analogue camera. The
stomatal number and stomatal index, vein islet
number and palisade ratio were determined using leaf
samples treated with 5 % potassium hydroxide. The
physico-chemical
constants
and
fluorescence
analysis17 of the plant were done by using powder
having mesh forty size.
Extraction

Successive method of solvent extraction was carried
out using non-polar to polar solvents- petroleum ether
(Pet ether), chloroform and ethanol. The extracts were
concentrated in rotavapor (Buchi) at 40 °C. The
concentrated extracts were transferred in to glass vials
and stored at ambient temperature. The color,
consistency, nature and percentage yield of extracts
were recorded. All the analyses were done in triplicate
and the results were expressed as mean±standard
deviation. The preliminary phytochemical screening
was carried out on all the extracts for the presence of
different chemical constituents18.
Preliminary screening for larvicidal activity
Vectors used

Larvae of An. stephensi (RS- Bangalore strain), Ae.
aegypti
(RS-Bangalore
strain)
and
Cx.
quinquefasciatus (RS-Bangalore strain) were obtained
by culturing from cyclic colony maintained in the ACL
class II insectory of National Institute of Malaria
Research (NIMR-FU, ICMR), Bengaluru, India. The
colony was kept free from exposure to pathogens,
insecticides/repellents and maintained at 25–30 °C,
70±5 % RH and a photo regime of 16 : 8 (L : D) h.
Culturing of larvae19

For culturing the colonies, eggs of An. stephensi,
Ae. aegypti eggs and egg rafts (8–10) of Cx.
quinquefasciatus were placed in separate enamel pans
(30 x 25 x 4 cm) of 2 L capacity. Larvae were reared
under a photoperiod of 14:10 (L:D) at 27±2 ºC and
fed with powdered mixture of dog biscuits and dried
yeast powder (3:1) and allowed to pupate. The pupae
were collected from the pans, transferred into tap
water and placed in screen cages (23 x 23 x 23 cm)
where the adults emerged. The adults were provided
with 10 % sucrose solution and on day 5 after
emergence, females were allowed to feed on blood in
membrane feeding apparatus. The late 3rd/ early 4th
instar larvae from these colonies were used in the
bioassays. Different concentrations of extracts
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(10-3000 µg/mL) were prepared from the stock
solution (10 mg/mL) by diluting with the tap water.
The extracts were dissolved in 5 mL of DMSO and
made up to 100 mL with distilled water with vigorous
shaking. The stock solution was stored in capped
volumetric flasks and covered with aluminum foil.
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3.0 version and data was acquired. The plates were
then derivatized with vanillin-sulphuric acid reagent,
heated for 10 minutes at 105±2 °C and scanned under
254 nm.
Results
Morphology and microscopy of leaves

Larvicidal bioassay

All the extracts were tested against late 3rd/early 4th
instar larvae of An. stephensi, Cx. quinquefasciatus
and Ae. aegypti for larvicidal bioassay according to
the World Health Organization standard protocols19.
Twenty five larvae of each vector species were
transferred to tap water in sterile plastic bowls of 500
mL capacity. Test solutions of graded concentrations
were prepared in triplicate with two replicas of
control containing 1 mL of DMSO in 249 mL of tap
water. NeemarkTM, 50 ppm was used as positive
control. All the bioassays were conducted at 27±3 oC,
85 % RH. The mortality was recorded after 24 h of
the exposure period. Dead and moribund larvae were
identified as when they failed to move or show
characteristic diving reaction when probed with
needle in siphon or cervical region or when the water
was disturbed. The statistical data of larvicidal
activity including LC50, LC90, χ2 (heterogeneity) and
fiducial limits were calculated by probit analysis using
Statplus 2009 Professional software.
Chromatographic studies on pet ether extract

TLC profiles of all the extracts were developed by
the method of optimization using different solvent
systems to show maximum separation of
phytoconstituents. Two mg of leaves and fruits
extracts were dissolved in methanol and applied as
thin bands on silica gel 60 F254 (0.25 µ) precoated
plates (Merck). The plates were developed in different
solvent systems and air-dried. Visualization was done
in day light (DL) and 254 nm. Later the plates were
sprayed with vanillin-sulphuric acid (VS) and heated
in hot air oven (maintained at 105 °C) for 15 minutes.
The Rf values were calculated and recorded20.
HPTLC fingerprint of the active pet ether extract of
leaves and fruits were obtained by applying 10 µL on
HPTLC plates (E. Merck, 10x10, 0.2 mm, Silica GF254)
using CAMAG Linomat IV sample applicator
(Muttenz, Switzerland) equipped with 100 µL
Hamilton Syringe (Switzerland). The plates were
developed in a twin trough chamber up to a distance of
9.0 cm in respective solvent systems. The developed
plates were scanned at 254 nm by Camag TLC scanner

The leaves were dark green with shiny ventral and
pubescent dorsal surface. The leaf is pinnately
compound 5-10-13 x 6-9-12 x 0.1-0.2 cm, alternate
and oblong to ovate with cordate base and acute apex.
The petiole is short and 1.2-1.9 x 0.3-0.2 cm. The
margin is entire with reticulate venation. The odor is
characteristic and taste is slightly bitter. The
transverse section of leaves (Plate 1, hand drawn)
exhibited the presence of long unicellular covering
trichomes on upper and lower epidermis. Glandular
trichomes with brown head and colorless stalk were
found on lower epidermis. A single layer of
chlorenchymatus palisade cells were present in upper
epidermis and 3-5 layers of aerenchymatous
mesophyll cells with chloroplast were present towards
the lower epidermis. The midrib region contained
numerous lignified and few unlignified fibers of 2028-36 µm. The pith contained 8-10 vascular bundles
arranged conjoint, collateral and open with
metaxylem and medullary rays. Numerous anisocytic
stomata were found, both in upper and lower
epidermis. Stomatal number (154±3.0), stomatal
index (19.4±1.22), vein islet number (36±0.63) and
palisade ratio (2.1±0.3) were determined for the leaf.
Morphology and microscopy of fruits

The fruits were irregular, subglobose (6-9-10 x 5-79 x 4-6-8 cm) with pubescent outer surface. They

Plate 1T.S. of leaf of A. lakoocha Roxb. (T-trichomes,
Ue-upper epidermis, Sp- spongy parenchyma, Co- collenchymas,
Xy- xylem vessels, Gt- glandular trichomes, Ph- phloem fibers,
Le- lower epidermis)
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appeared light yellow to green on outer surface and
inner part was bright yellow colour with numerous
seeds. The fruits had characteristic odor with sweet
and sour, astringent taste. The transverse section of
the treated dried fruits is presented in Plate 2 (hand
drawn). The pericarp contained 10-14 layers of cells,
epicarp 2-5 layers, mesocarp 5-6 layers and endocarp
had about 5-8 layers. The cells of epicarp were
polygonal with thin smooth cuticle. Mesocarp
contained thick walled parenchymatous cells with
starch grains and few tannin containing cells.
Parenchymatous cells with numerous pits that are
branched frequently were found along with lignified
elongated fibers. The endocarp was lignified and

fibrous with tangentially elongated cells. Few
rhombohedral crystals of calcium oxalate 0.3-0.4-0.5
µm were also found scattered in the endocarp.
Powder microscopy
Leaves

The leaf powder was olive green in color with
characteristic odour and slight bitter in taste. The
texture was coarse and fibrous. Microscopic
observation revealed that lignified and unlignified
xylem vessels were present with spiral thickening
along with pitted phloem fibers (Plate 3a-c). Long
unicellular covering trichomes and glandular
trichomes with brown head and colorless stalk were
found attached to epidermal tissues.
Fruits

The dried powder of fruits appeared dark brown
with characteristic odour and astringent sweet taste.
The powder texture was rough. Numerous long
transparent fibers, unlignified phloem parenchyma
along with lignified elongated fibers, single celled
trichomes with thick cuticle and abundant starch
granules with central hilum were found (Plate 4a-e).
Physico-chemical analysis

The values of the physico-chemical analysis of the
powdered drug of leaves and fruits of A. lakoocha
revealed that the drug complied with the quality
control standards of herbal drugs (Table 1). For
fluorescence analysis, drug powder was treated with
different solvents like ethanol, methanol, water, etc.
and observed under UV and ordinary light (Table 2).
The color, consistency and percentage yield of
successive solvent extraction are presented in Table 3.
The phytochemical screening revealed the presence of
proteins, alkaloids, glycosides, flavonoids, phenolics,
sterols and triterpenoids in different extracts.
Plate 2T.S. of fruit of A. lakoocha Roxb. (Ep-epicarp, Mesmesocarp, En- endocarp, Ph- phloem fibers, Vs- vessels, Memedullary, St- Starch)

Larvicidal activity

The pet ether, chloroform and alcoholic extract
of the leaves and fruits of A. lakoocha were tested for

Plate 3Powder microscopy of leaves of A. lakoocha Roxb. a) Lignified & unlignified xylem vessels, b) Covering trichomes on upper
epidermis and c) Glandular trichomes with brown head and colorless stalk
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Plate 4Powder microscopy of fruits of A. lakoocha Roxb. a) Transparent fibers, b) Pitted parenchyma, c) Covering trichomes with thick
cuticle, d) Starch grains with central hilum and e) Rhombohedral Ca-oxalate
Table 1Physico-chemical parameters of the leaves and the fruits of A. lakoocha
Roxb.
Parameters (% w/w)

Plant Parts

Moisture content (LOD)
Pet ether soluble extractive value
Chloroform soluble extractive value
Ethanol soluble extractive value
Water soluble extractive value
Total ash
Water soluble ash
Acid insoluble ash
Foreign organic matters

Leaves*
7.543 ± 0.310
6.452 ± 0.308
5.031 ± 0.004
5.990 ± 0.035
10.865 ± 0.652
4.071 ± 0.159
6.688 ± 0.26
6.351 ± 0.180
0.200 ± 0.010

Fruits*
10.040 ± 0.400
5.714 ± 0.630
9.583 ± 0.523
6.400 ± 0.510
7.523 ± 0.576
3.553 ± 0.163
10.248 ± 0.470
0.970 ± 0.041
0.080 ± 0.010

*Expressed as Mean± Standard deviation
Table 2Fluorescence analysis of the leaves and fruits of A. lakoocha Roxb.
Powder

as such
Water
H2SO4
1 N Hcl
Ethanol
Methanol
Me-NaOH
Et- NaOH
5 % KOH

Leaves
Observation under
WL
254nm
Green
Green
Buff color
Green
Red
Yellow
Pale buff
Yellow
Green
Yellow
Olive green
Yellow
Yellow
Yellow
Pale yellow
Yellow
Brown
Brown

366nm
Black
Grey
Black
Grey
Grey
Grey
Grey
Grey
Black

WL
Dark brown
Pale brown
Black
Yellow
Buff
Pale yellow
Yellow
Light yellow
Dark brown

Fruits
Observation under
254nm
Brown
Light yellow
Olive green
Bright yellow
Light grey
Pale yellow
Bright yellow
Light grey
Olive green

366nm
Black
Dark grey
Black
Dark grey
Light grey
Dark grey
Dark grey
Dark grey
Black

WL-white light; HCl- hydrochloric acid; Me- methanol; Et- ethanol; NaOH- sodium hydroxide; KOH- potassium hydroxide

preliminary screening of larvicidal bioassay on
An. stephensi, Cx. quinquefasciatus and Ae. aegypti.
The pet ether extract of leaves showed LC50 of 241.36,
624.88, 1162.86 µg/mL, chloroform extract showed
LC50 of 732.88, 1121.83, 1337.9 µg/mL and ethanolic

extract showed LC50 of 1022.07, 1121.83, 3082.68
µg/mL on An. stephensi, Cx. quinquefasciatus and Ae.
aegypti, respectively (Table 4). Among all the extracts
tested, the pet ether extract of leaves showed
larvicidal activity. The order of activity based on LC50

INDIAN J NAT PROD RESOUR, JUNE 2016

146

values of the leaves was found to be pet ether extract>
chloroform extract > ethanolic extract with p<0.05.
The pet ether extract of fruits showed larvicidal
activity with lesser LC50 of 1180.95, 1286.69, 1398.69
µg/mL on An. stephensi, Cx. quinquefasciatus and Ae.
aegypti, respectively compared to chloroform and
ethanolic extract (Table 4). For the fruits, the order of
activity was found to be pet ether extract > ethanolic
extract > chloroform extract (p<0.05) on the three
species of mosquitoes. The results revealed that the
Table 3Physical properties of the leaves and the fruits extracts
of A. lakoocha Roxb.
Extract

Color

Consistency

Extractive Value*
(% w/w)

Leaves of A. lakoocha Roxb.
Pet ether
Chloroform
Ethanol

Green
Green
Brown

Oily, sticky
Solid mass
Viscous, sticky

6.351 ± 0.430
3.362 ± 0.238
4.862 ± 0.521

Fruits of A. lakoocha Roxb.
Pet ether
Chloroform
Ethanol

Pale yellow
Brown
Brown

Oily, sticky
Viscous
Sticky

5.732 ± 0.120
2.195 ± 0.331
3.865 ± 0.256

*Expressed as Mean ± Standard deviation

pet ether extracts of leaves and fruits have good
larvicidal potential compared to other two extracts.
While comparing pet ether extract of leaves with
that of fruits, the larvicidal effects were more
profound in the leaves with lower LC50 values. Many
botanical extracts have shown comparable LC50
values as that of the pet ether extracts of leaves and
fruits22. The phytochemical screening of pet ether
extracts of leaves and fruits revealed the presence of
phytosterols and triterpenoids, which may have
exerted the larvicidal activity.
Chromatographic studies of leaves and fruits

TLC analyses of successive solvent extracts of both
the leaves and the fruits were carried out by solvent
optimization. For leaves, pet ether extract gave Rf
values as that of HPTLC analysis in toluene : ethyl
acetate (8:2). The chloroform extract in methanol :
chloroform (8:2) gave Rf of 0.83, 0.92 in DL and
0.76, 0.81, 0.83, 0.97 after spray with VS. Ethanolic
extract in ethylene chloride : methanol (8.5:1.5) gave
Rf values of 0.44, 0.67 in DL, 0.20, 0.67 in UV and
0.20, 0.23, 0.44, 0.55, 0.67 after derivatization. TLC
analysis of pet ether extract of fruits in methanol:
formic acid (6:0.4) revealed constituents similar to

Table 4Preliminary screening of larvicidal bioassay of A. lakoocha Roxb.
Vector species

Extract\

LC50 Values
µg/mL

LC90 Values
µg/mL

χ2

Limits for LC50 µg/mL
LCL

UCL

6.98
4.40
1.48
68.45
16.67
35.83
2.65
1.16
6.04

177.41
349.41
932.76
268.78
470.24
539.22
1,130.85
1217.05
2922.43

312.34
1199.61
1106.46
1452.73
3224.44
2046.18
1191.48
1461.99
3253.95

11.06
7.15
8.80
1.62
1.70
35.25
1.62
2.62
3.72

1145.55
11501.43
483.79
1232.16
9078.36
1592.75
1322.16
10231.69
1738.42

1223.74
13225.55
525.36
1341.00
12839.84
1717.01
1356.00
12342.79
2179.64

Leaves of A. lakoocha Roxb.
An. stephensi

Cx. quinquefasciatus

Ae. aegypti

Pet ether
Chloroform
Ethanol
Pet ether
Chloroform
Ethanol
Pet ether
Chloroform
Ethanol

241.36
732.88
1022.07
624.88
1121.83
1231.36
1162.86
1337.95
3082.68

2714.44
4467.56
1549.27
2994.99
5339.85
4675.60
1548.82
2377.36
5613.25

Fruits of A. lakoocha Roxb.
An. stephensi

Cx. quinquefasciatus

Ae. aegypti

Pet ether
Chloroform
Ethanol
Pet ether
Chloroform
Ethanol
Pet ether
Chloroform
Ethanol

1180.95
11824.42
1503.74
1286.69
10527.91
1650.81
1398.69
11282.12
1944.32

1359.12
25755.86
1850.49
1549.52
32605.55
1940.66
1658.52
28555.13
2615.15

LC50- Lethal concentration at which 50 % larvae are dead, LC90- Lethal concentration at which 90 % larvae are dead, χ2- Chi-square
values, LCL- Lower confidence limit, UCL-Upper confidence limit (p≤0.05)
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greater number of constituents in the leaves than that
of the fruits.

Plate 5HPTLC chromatogram. a) Pet ether extract of leaves and
b) Pet ether extract of fruits of A. lakoocha Roxb. at 254 nm

that of HPTLC profile. The chloroform extract of fruit
in methanol : chloroform (7:3) gave Rf of 0.89 in DL,
0.74, 0.85 in UV and 0.74, 0.85, 0.87, 0.89 after spray
with VS. The ethanolic extract of fruit in pet ether:
ethyl-acetate (9:1) gave Rf values of 0.27, 0.52 in DL,
0.52, 0.8 in UV and 0.27, 0.52, 0.69, 0.8 after spray
with VS.
The HPTLC studies of pet ether extract of the
leaves in toluene : ethyl acetate (8:2) revealed the
presence of 3 spots of Rf values 0.68, 0.74, 0.87 in DL
and 11 spots of Rf values 0.02, 0.06, 0.18, 0.36, 0.40,
0.49, 0.52, 0.68, 0.73, 0.74, 0.87 were visualized
under UV 254 nm. Thirteen spots with Rf values of
0.02, 0.06, 0.18, 0.28, 0.36, 0.40, 0.49, 0.52, 0.68,
0.73 0.74, 0.87, 0.92 were derived after spraying with
VS (Plate 5a). HPTLC of pet ether extract of fruits in
methanol : formic acid (6:0.4) Rf values of 0.09, 0.21,
0.37 were observed DL and two spots with Rf values
0.37, 0.40 were seen under UV light 254 nm. After
derivatization, 6 spots with Rf values of 0.09, 0.13,
0.21, 0.37, 0.40, and 0.78 were obtained (Plate 5b).
The chromatographic analysis revealed presence of

Discussion
In traditional systems of medicine, plants are the
major source of crude drugs21. The standards are
required for confirmation of identity of the plant and to
ascertain the quality of drugs. According to World
Health Organization, quality control of herbal drugs,
pharmacognostical parameters are the first step towards
establishing its identity and purity that distinguishes the
plant from other species3. A. lakoocha has several uses
in traditional systems of medicine and is
ethanobotanically important. Hence, in the present
study the pharmacognostical investigation of leaves
and fruits of A. lakoocha was taken up as a step
towards standardization of crude drug. The physicochemical analysis of the powdered drugs complied with
the quality control standard for medicinal plants.
Mosquitoes are responsible for transmission of more
diseases than any other group of arthropods. Mosquito
control is warranted due to resistance, stagnant
development of newer insecticides and their adverse
effects on environment. Botanical insecticides may
serve as suitable alternatives to synthetic insecticides in
future, as they are relatively safe, biodegradable and
are readily available in many areas of the world. Many
common plants like Azadirachta indica, Ocimum
species, Mentha piperita, Eucalyptus camaldulensis,
Eucalyptus urophylla have been reported for their
larvicidal potential against various species of
mosquitoes22. The leaves and seeds extract of Melia
azadirachta L. evaluated for larvicidal activity by
Senthilnathan et al.23 Showed 96 % mortality at a
concentration of 2 %.
In the present study, the pet ether, chloroform and
alcoholic extract of the leaves and fruits of A. lakoocha
were tested for larvicidal activity. The pet ether extract
of leaves and fruits revealed good larvicidal activity at
LC50 of 241.36, 624.88, 1162.86 µg/mL and 1180.95,
1286.69, 1398.69 µg/mL on An. stephensi, Cx.
quinquefasciatus and Ae. aegypti, respectively. The
non-polar pet ether extract of both leaves and fruits
showed highest activity compared to chloroform and
alcoholic extracts. A comparative study carried out on
the three Ocimum species with different solvents
extracts by Rajamma et al.24, showed that the pet ether
of O. basilicum had better larvicidal effects compared
to chloroform and ethanolic and aqueous extracts at
low LC50 values of 39.31 µg/mL. Similarly,
Maheshwaran et al.25 tested the pet ether, chloroform
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and ethanolic extracts of Leucas aspera L. and found
that the larvicidal activity was more profound in the pet
ether extracts than the other two solvent extracts. The
results of present study comply with these studies.
Shailendra et al.26 reported the larvicidal activity of
methanolic extracts of A. lakoocha fruit pericarp on
larval stages of Ae. aegypti at 100 mg/mL (100000
µg/mL) on the 3rd day of observation. In the present
study, 100 % mortality of the pet ether extracts of
leaves and fruits of A. lakoocha was found at
concentrations less than 2000 µg/mL on all the three
species of mosquitoes which is the advantage of
successive method of extraction. Among the leaves and
the fruits of A. lakoocha, the leaves were more
effective as larvicidal agent compared to that of fruits
with LC50 values of 241.36, 624.88, 1162.86 µg/mL on
An. stephensi, Cx. quinquefasciatus and Ae. aegypti,
respectively. Markouk et al.27 reported the larvicidal
activity of the latex, flowers and leaves of Calotropis
procera Wild., seeds and leaves of Solanum
sodomaeum L., Cotula cinerea L. and berries of
Solanum elaeagnifolium. Among the tested plants,
higher larvicidal effect was revealed by the latex
extracts of Cx. procera and the berries of S.
elaeagnifolium at concentrations lesser than 325
µg/mL.
TLC profiles of successive solvent extracts were
established which have not been reported previously.
Hence, TLC profiles were developed to separate the
phyto-constituents. Focusing on larvicidal potential of
pet ether extracts, HPTLC fingerprints were done to
quantify the phyto-constituents. Of the leaves, the
prominent peak 3 and 7 showed highest absorbance
with peak areas of 26.43 and 28.54 mAU, respectively,
which may be responsible for the larvicidal activity.
The HPTLC fingerprint of pet ether extracts can be
utilized for quantification of formulations with A.
lakoocha. The result of the study has shown that pet
ether extracts of the leaves of A. lakoocha have
promising mosquito larvicidal activity. Further, a
bioassay-guided chemical fractionation protocol to
identify the components responsible for the larvicidal
activity and development of herbal pesticidal
formulation is under way.
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P/PLQ&KURPDWRJUDPVZHUHUHFRUGHGDWQPDQG
ZDVVLJQLILFDQWIUHHUDGLFDOVFDYHQJLQJSUR
WKHLQMHFWLRQYROXPHZDV—/
S $3S$*SFRPELQDWLRQV
FRPSDUHGWR69&7KH,&
50YDOXHVRI69&$$3$*
Sample collection
ZHUHIRXQGWREH“““
7KHELRDYDLODELOLW\VWXGLHVZHUHGRQHE\GUDZLQJ
DQG“UHVSHFWLYHO\7DEOH,
EORRGVDPSOHVZLWKRXWWKHDGGLWLRQRIDQWLFRDJXODQWIURP
UDEELW¶VPDUJLQDOHDUYHLQDW
K
6HUXPZDVVHSDUDWHGE\FHQWULIXJDWLRQDW USPIRU
10 min and estimation of vitamin C was done by using
+3/& *KRVK et al., 2009). Perchloric acid (25 mL of
0.1 M) and 55 mL of distilled water were added to amL
20
DOLTXRWSRUWLRQRIVHUXP$GGLWLRQRIDFLGZDVQHHGHGWR
PDLQWDLQWKHVWDELOLW\RIDVFRUELFDFLG.DUDWHSH

Standard solution preparation
7KHVWRFNVROXWLRQRI69&ZDV—JP/LQPRELOH
SKDVHDQGDOOGLOXWLRQVVXEVHTXHQWO\ZHUHPDGHLQPRELOH
SKDVH7KHVHUXPZDVVSLNHGZLWKVWDQGDUGVROXWLRQRI
YLWDPLQ&WRFRQ¿UPWKHSHDN6FDUWH]]LQL
et al., 2006). FIGURE 1 - Free radical scavenging activity of different
FRQFHQWUDWLRQVRI69&$$3$*E\'33+PHWKRG
Calibration curves
Standard solutions of SVC in the concentration
Hydrogen Peroxide scavenging activity
UDQJH—JP/ZHUHSUHSDUHGDQGLQMHFWHGLQWRWKH
7KHK\GURJHQSHUR[LGHVFDYHQJLQJDFWLYLW
+3/&V\VWHP7KHDQDO\WHSHDNDUHDYDOXHVZHUHSORWWHG
VDPSOHVDQGVWDQGDUGDUHVXPPDUL]HGLQ)LJX
DJDLQVWWKHFRUUHVSRQGLQJFRQFHQWUDWLRQVRIWKHDQDO\WH
DFWLYLW\ZDVIRXQGWRGHFUHDVHLQRUGHURI$3!$!69&
and the calibration curve was constructed by means of the
!$*DWDFRQFHQWUDWLRQRIJP/$3FRPELQDWLRQ
OHDVWVTXDUHPHWKRG
SURGXFHGPD[LPXPVFDYHQJLQJRIK\GURJHQSHU
ZKHQFRPSDUHGWR69&7KH,&
50YDOXHVRI69&$$3
Sample analysis
$*ZHUHIRXQGWREH “ “ “
$QDOLTXRWRIWKHVDPSOHZDVLQMHFWHGLQWRWKH+3/&
DQG“UHVSHFWLYHO\7DEOH,
V\VWHPLQWULSOLFDWH7KHDUHDRI69&SHDNVREWDLQHGDIWHU
LQMHFWLQJWKHH[WUDFWLQWRWKH+3/&ZDVLQWHUSRODWHGRQ
Total reduction capability
the calibration curve.
,W ZDV IRXQG WKDW WKH WRWDO UHGXFWLR
increased with increase in concentration from
Statistical analysis
—JP/IRUDOOVDPSOHVWHVWHGEXWQRQHRIWKHVDPSO
'DWDZHUHH[SUHVVHGDVPHDQ“6(0 6WDWLVWLFDO
VKRZHGVLJQL¿FDQWVFDYHQJLQJDFWLYLW\LQWKLV
GLuHUHQFHVEHWZHHQPHDQVZHUHGHWHUPLQHGE\2QHZD\
$129$IROORZHGE\'XQQHWW¶VSRVWKRFWHVW9DOXHVRI
Nitric Oxide scavenging activity
S ZHUHFRQVLGHUHGDVVLJQL¿FDQW
Effect of nitric oxide scavenging activity was
IRXQGWRGHFUHDVHLQWKHRUGHU69&!$*!$3!$
RESULTS
DWDFRQFHQWUDWLRQRI JP/&DSDELOLW\WRVFDY
QLWULFR[LGHZDVIRXQGWREHFRQFHQWUDWLRQG
In vitro antioxidant activity studies
DOOFRQFHQWUDWLRQVIURP—JP/0D[LPXPLQKLELWLR
ZDVSURGXFHGDWFRQFHQWUDWLRQ—JP/DQGWKHU
DPPH radical scavenging activity
DUH VXPPDUL]HG LQ )LJXUH 7KHUH ZDV D VLJQLIL
$OO WKH WHVW FRPSRXQGV 69& $ $ 3 V
$F
* DYHQJLQJ DFWLYLW\ SURGXFHG E\ $ DQG $ 3
SURGXFHG'33+VFDYHQJLQJDFWLYLW\LQWKHFRQFHQWUDWLRQ
FRPSDUHGWR69&SDQGWKH,& 50 values for SVC,
UDQJHRI—JP/DQGLWZDVIRXQGWRLQFUHDVHZLWK
$$3$*ZHUHIRXQGWREH“
“
LQFUHDVH LQ FRQFHQWUDWLRQ )LJXUH 7KH“VFDYHQJLQJ
DQG “ UHVSHFWLYHO\DVVKRZQLQ
HuHFWZDVIRXQGWREHGHFUHDVLQJLQWKHRUGHURI69&!
7DEOH,
$*!$!$3DWWKHFRQFHQWUDWLRQRI—JP/7KHUH
'HWHUPLQDWLRQRIDQWLR[LGDQWFDSDFLW\R
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TABLE I - IC50YDOXHVRI69&$$3$*LQK\GURJHQSHUR[LGH'33+DQGQLWULFR[LGH$OOYDOXHVDUH0HDQ“6(0Q

Test/ standard group
SVC
A
$3
$*

IC 50 values ± SEM (µg/mL) for free radical scavenging activity
Hydrogen peroxide
DPPH
“
“
“
“
“
“
“
“

Nitric oxide
“
“
“
“

Bioavailability studies

$JRRGOLQHDULW\ZDVIRXQGIURP WR JP/
RI69&DQGWKHOLQHDUUHJUHVVLRQHTXDWLRQZDV\ [
U ZKHUH\LVWKHSHDNDUHDDQG[LVWKH
FRQFHQWUDWLRQRI9LWDPLQ&H[SUHVVHGDVJP/)LJXUH
7KH +3/& PHWKRG ZDV YDOLGDWHG DQG GDWD V
7DEOH
,,,
FIGURE 2- +\GURJHQSHUR[LGHVFDYHQJLQJDFWLYLW\

FIGURE 4- Calibration curve of Vitamin C.

7KHSUHVHQFHRIYLWDPLQ&ZDVGHWHFWHGDW
PLQ
&RPSDULVRQV ZHUH PDGH EHWZHHQ WKH VWD
FIGURE 3 - Free radical scavenging activity of differentVDPSOH FKURPDWRJUDPV /DUJHU DUHD LQGLFD
FRQFHQWUDWLRQVRI69&$$3$*E\QLWULFR[LGHUDGLFDO
amount of vitamin C. Little interferences were detected
scavenging method.
LQWKHFKURPDWRJUDPGXHWRFRQWDPLQDQWV%\FR
WKH$8&KLJKHUELRDYDLODELOLW\ZDVREVHUYHG
E\2[\JHQ5DGLFDO$EVRUEDQFH&DSDFLW\25$&DVVD\
IROORZHGE\$69&DQG$*7DEOH,9
7KHDQWLR[LGDQWFDSDFLW\RIWKHVHFRPSRXQGVZDV
DVIROORZV$3!$!69&!$*
.
DISCUSSION
TABLE II - $QWLR[LGDQWFDSDFLW\RI69&$$3DQG$*E\

25$&$VVD\
Sl. No
1
2

Sample Name
SVC
A
$3
$*

ORAC value (TE/g)
2651

7KHDPODIUXLWFRQWDLQVPRUHWKDQZDWHU,WD
KDVSURWHLQFDUERK\GUDWH¿EUHPLQHUDOVDQG
,WDOVRFRQWDLQVJDOOLFDFLGZKLFKLVDSRWHQW
Amla restores the vitality and rejuvenates all bodily
systems. It is a rich source of vitamin C and has been
XVHGDVDSRZHUIXODQWLR[LGDQWDJHQWZKLFKDO
immunity.
9LWDPLQ&LVLPSRUWDQWIRUKXPDQEHLQJV
QHFHVVDU\IRUWKHV\QWKHVLVRILQWHUFHOOXODUFHPHQ
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TABLE III - $QDO\WLFDOSDUDPHWHUVRIWKH+3/&SURFHGXUHIRU9LWDPLQ&TXDQWLWDWLRQ

Parameter
Linearity range
5HJUHVVLRQHTXDWLRQ
&RUUHODWLRQFRHvFLHQWU
Analyte Concentration (μg/mL)
a
5HSHDWDELOLW\56'
,QWUDGD\SUHFLVLRQ
a
,QWHUPHGLDWHSUHFLVLRQ56'
,QWHUGD\SUHFLVLRQ
/LPLWRI'HWHFWLRQ/2'
/LPLWRI4XDQWL¿FDWLRQ/24
a
Q

Vitamin C
WRJP/
\[
5

15

25
1.01

1.96
JP/
JP/

TABLE IV - Results of Bioavailability studies

Pharmacokinetic parameter
AUC
tmax (h)
CmaxJP/

SVC

A

A+P

A+G

10

12

10

1

FDUERK\GUDWHVYLWDPLQ&TXHUFHWLQDQGFKHEX
(Khan, 2009).Piper nigrumLVFDOOHGWKHNLQJRIVSLFH
DQGLVRQHRIWKHROGHVWVSLFHVZKLFKFRQWDL
RLOFU\VWDOOLQHDONDORLGVSLSHULQHSLSHULGL
SLSHUROHLQ$SLSHUROHLQ%DQGUHVLQV0DQRM
et al
7KHUHSRUWHGFKHPLFDOFRQVWLWXHQWVRI
Zingiber officinale
are cineole, geraniol, citralgingerols, vitamins like
WKLDPLQHDQGYLWDPLQ&.DOSDJDP
et al
+\GURJHQ SHUR[LGH LQLWLDWHV OLSLG SH
FIGURE 5 - &RQFHQWUDWLRQRIYLWDPLQ&YV7LPHSORWLQ69&
ZHDNO\+RZHYHU LW LV DEOH WR SURGXFH DFWLY
$$3$*
VSHFLHVE\JHQHUDWLQJKLJKO\UHDFWLYHK\GUR[
WKURXJKWKH)HQWRQUHDFWLRQ3RZHUV-DFNVRQ$O
&ROODJHQLVUHVSRQVLEOHIRUNHHSLQJWKHFHOOVRIWKHERG\
WKHWHVWVDPSOHV69&$$3$*ZHUHVLJQL¿FDQWO\
WRJHWKHU+HQFHYLWDPLQ&KHOSVWRSUHVHUYHWKHQRUPDO
GLuHUHQWLQWHUPVRIDQWLR[LGDQWSRWHQF\$
LPPXQHIXQFWLRQDQGSURPRWHVUHMXYHQDWLRQRIFHOOV
the highest scavenging activity which may be due to the
5 H F H Q W U H S R U W V L Q G L F D W H W K D W LWHUSHQRLGVZKLFKDUHSRZHUIXOFRPSRXQGVZLWKH
QFUHDVHG GLHWDU\
intake of antioxidant-rich foods decreases the incidence
DELOLW\WRPRSXSFHOORUGDPDJHIUHHUDGLFDOVIRO
of human diseases. However, synthetic antioxidants,
$69&DQG$*
VXFKDVEXW\ODWHGK\GUR[\WROXHQH%+7DQGEXW\ODWHG
7KH'33+UDGLFDOLVDOLSRSKLOLFDQGUHODWLYHO
hydroxyanisole (BHA) that have been widely used as
QLWURJHQFHQWUHGIUHHUDGLFDOWKDWFDQDFFHS
DQWLR[LGDQWVLQWKHIRRGLQGXVWU\PD\EHUHVSRQVLEOHIRU
become a stable diamagnetic molecule (Yoganandam
et
liver damage and carcinogenesis. For this reason, the
al%KDUDWKL et al.7KHHuHFWRIDQWLR[LGDQWV
XVHRIQDWXUDODQWLR[LGDQWVZLWKOHVVHUVLGHHuHFWV
RQ'33+UDGLFDOVFDYHQJLQJLVGXHWRWKHLUK
DUH
SUHIHUUHG7KLVZRUNIRFXVHVRQWKHDQWLR[LGDQWDFWLYLW\RI
GRQDWLQJ DELOLW\ ZKHUH '33+ UDGLFDO VHU
VHOHFWHGQDWXUDOSURGXFWDPODDORQHDQGLQFRPELQDWLRQ
R[LGL]LQJVXEVWUDWHZKLFKFDQEHUHGXFHGE\DQDQW
Z L W K S L S H U L Q H D Q G J L Q J H U F R P S D U H G ZFRPSRXQGWRLWVK\GUD]LQHGHULYDWLYH)URPWKH
LWK V\QWKHWLF
YLWDPLQ & IRU WKHLU EHQHILFLDO DQWLR[LGDQW
LVHYLGHQWWKDWWKHWHVWFRPSRXQGVDUHDFWLQ
SRWHQWLDO
Chemical investigations have indicated that amla is rich
GRQRUVDQG$*FRPELQDWLRQSRVVHVVHVKLJKHV
LQWDQQLQVDONDORLGVSKHQROLFFRPSRXQGVDPLQRDFLGV
UDGLFDO VFDYHQJLQJ DFWLYLW\ ZKHQ FRPSDU
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VDPSOHVZKLFKPD\EHGXHWRWKHSUHVHQFHRIJLQJHUROLQ
DQWLR[LGDQWSRWHQWLDOLWZDVGHVLUDEOHWRFR
JLQJHURQHRIWKHSRO\SKHQROVDQGYLWDPLQ&LQDPODDV
by in vivoVWXGLHVZLWK+3/&HVWLPDWLRQRIVHUXPVDP
LWVDFWLYHSULQFLSOH.LVKN6KHVKHWDZ\
for vitamin C in rabbits.
2[\JHQUHDFWVZLWKWKHH[FHVV12WRJHQHUDWHIUHH
Numerous assays for ascorbic acid have been
UDGLFDOV QLWULWHDQGSHUR[\QLWULWHDQLRQV
et HPSOR\HGDQGWKH\FDQEHGLYLGHGLQWRWKUHHF
0DUFRFFL
alDQGTXHQFKLQJRIWKHVHIUHHUDGLFDOVPHDVXUHV
HQ]\PDWLF VSHFWURSKRWRPHWULFDQGFKURPD
WKHDQWLR[LGDQWSRWHQWLDORIDWHVWFRPSRXQG$V$*
DVVD\V(Q]\PDWLFDQGVSHFWURSKRWRPHWULFDVVD\V
combination showed radical scavenging activity which
LQÀXHQFHGE\LQWHUIHUHQFHVOHDGLQJWRRYHUH
ZDVFRPSDUDEOHZLWK69&WKLVFRPELQDWLRQFDQEHDQ
DVFRUELFDFLGLQELRORJLFDOVDPSOHVDQGWKHQ
alternative to SVC.
PRGHUQKLJKSHUIRUPDQFHOLTXLGFKURPDWRJUDSKLF
7KHHYDOXDWLRQRIUHGXFLQJFDSDELOLW\LVEDVHGRQWKH
methods for the determination of vitamin C in biological
SULQFLSOHWKDWLQFUHDVHLQWKHDEVRUEDQFHRIWKHUHDFWLRQ
VDPSOHVKDYHEHHQHVWDEOLVKHG0LWWDO*XSWD
PL[WXUHE\WKHVDPSOHVWDQGDUGLQFUHDVHVWKHUHGXFWLYH
Vitamin C is highly sensitive to factors such as light,
FDSDELOLW\.RNVDO
et al2ZLQJWRWKHLUUHGXFLQJ KHDWDQGS+$VOLJKWFKDQJHLQWKHPRELOHSKDVHVR
FDSDELOLWLHVDQWLR[LGDQWFRPSRXQGVFDXVHWKHUHGXFWLRQ
DQGWHPSHUDWXUHGXULQJGHWHFWLRQFDQJLY
of ferric (Fe ) form to the ferrous (Fe) form. Prussian that would lead to change in retention time. Further the
EOXHFRORUHGFRPSOH[LVIRUPHGE\DGGLQJ)H&O
to the GLuHUHQFHVLQVROYHQWUHIUDFWLYHLQGH[FDXVH
ferrous (Fe IRUP$OOWKHWHVWFRPSRXQGVXQGHUVWXG\
FKURPDWRJUDSKLF EDVHOLQH 6HOHFWHG VRO
were found to increase the absorbance in a concentration
PHWKDQRODQGPRQREDVLFSRWDVVLXPSKRVSKDWH
GHSHQGHQWPDQQHUEXWQRQHZHUHIRXQGWRKDYHVLJQL¿FDQW
as they were found to give best results for the estimation
UHGXFLQJFDSDELOLW\
RIYLWDPLQ&+DQDFKL*RONKR
7KH25$&DVVD\KDVEHFRPHDYDOXDEOHDQGSRSXODU
,QWKHSUHVHQWVWXG\+3/&HVWLPDWLRQRIYL
PHWKRGWRGHWHUPLQHWKHSRWHQWLDODQWLR[LGDQWDFWLYLWLHV
& UHYHDOHG WKDW $ 3 FRPELQDWLRQ KDV WKH P
RIYDULRXVFRPSRXQGVDQGELRORJLFDOVDPSOHVEHFDXVH
ELRDYDLODELOLW\FRPSDUHGWRRWKHUVDPSOHVW
LW PHDVXUHV WKH VFDYHQJLQJ FDSDFLW\ DJDLQVW
7DEOH,97KLVFRXOGEHGXHWRWKHSUHVHQFHRISLS
SHUR[\O
radicals which are one of the most common reactive
which is used as a bioavailability enhancer and contributing
R[\JHQVSHFLHVLQWKHERG\7KLVPHWKRGLVVXSHULRUWR
for the increased vitamin C concentration shown by the
RWKHUPHWKRGVIRUWZRUHDVRQV )LUVW WKH25$&DVVD\
FRPELQDWLRQ$3*RKLO0HKWD 6LQFHSLSHULQH
V\VWHPXVHVDQDUHDXQGHUFXUYH$8&WHFKQLTXHWKHUHE\
HQKDQFHV WKH ELRDYDLODELOLW\ RI YLWDPLQ
FRPELQLQJLQWRDVLQJOHTXDQWLW\ERWKLQKLELWLRQWLPHDQG
amla, when used in combination, this combination may
inhibition degree of free radical action by an antioxidant.
EHVXJJHVWHGDVWKHEHVWVRXUFHRIYLWDPLQ&VXS
6HFRQGGLuHUHQWIUHHUDGLFDOJHQHUDWRUVRUR[LGDQWVFDQ
7R F R Q F O X G H D Q W L R [ L G D Q W S R W H Q W
EHXVHGLQWKH25$&DVVD\&DR
et al
FRPELQDWLRQZDVFRQ¿UPHGWREHWKHEHVWZKHQFR
25$&LVDÀXRUHVFHQFHPHWKRGXVLQJ$$3+ZKLFK
to amla alone and SVC as revealedinbyvivo studies in
SURGXFHVSHUR[\OUDGLFDOVE\XQGHUJRLQJVSRQWDQHRXV
rabbits.
GHFRPSRVLWLRQ7KLVPHWKRGLVPRUHVHQVLWLYHWKDQWKH
VSHFWURSKRWRPHWULFDVVD\DVLWUHTXLUHVDPXFKORZHU¿QDO
CONCLUSION
VWDQGDUGFRQFHQWUDWLRQWKDQWKHVSHFWURSKRWRPHWULFDVVD\
&DR3ULRU
:KHQFRPSDUHGZLWKWKHRWKHUFRPELQDWLRQV
2 X U D L P Z D V W R F R P S D U H 6 9 & Z L W K $WKH$3FRPELQDWLRQH[KLELWHGWKHKLJKHVWFRQF
DQG LWV
FRPELQDWLRQVIRUWKHLUDQWLR[LGDQWSRWHQWLDODQGZHIRXQG
of vitamin C bothin vivo and in vitro7KLVPD\EHGXH
WKDW $ 3 FRPELQDWLRQ VKRZHG KLJKHVWWRSUHVHQFHRISLSHULQHLQSHSSHUZKLFKHQK
25$& YDOXH
IROORZHGE\$69&DQGODVWZDV$*7KLVPD\EHGXH
bioavailability of vitamin C from amla and can be an
to in vitroDQWLR[LGDQWDFWLYLW\RISLSHULQH0LWWDO*XSWD
alternative to synthetic vitamin C.
2000).
Since, the second objective of our study was to
ACKNOWLEDGEMENTS
HYDOXDWHSODVPDFRQFHQWUDWLRQRIYLWDPLQ&LQGLuHUHQW
combinations of amla, it was necessary to estimate the 7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH
DQWLR[LGDQW SRWHQWLDO RI DOO FRPSRXQGV
KLE University’s
XQGHUCollege
VWXG\of Pharmacy, Bengaluru for
OLNH69&$$3DQG$*$VWKH in vitro antioxidant SURYLGLQJWKHQHFHVVDU\IDFLOLWLHVWRFDUU\RX
VWXGLHVUHYHDOHGWKDW$3FRPELQDWLRQVKRZHGPD[LPXP
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ABSTRACT: Novel 4-piperidone derivatives 2a−f are disclosed as potent
cytotoxins. Many of these compounds are more potent than the reference drug
melphalan. The compounds in series 2, 4−7 display selective toxicities toward
various neoplasms compared to some normal cells. 2a is one of the promising
lead molecules that display >11-fold higher growth inhibiting potency than 5ﬂuorouracil against human colon cancer cells. 2a induces apoptosis, DNA
fragmentation, and cleavage of poly ADP-ribose polymerase.

■

INTRODUCTION
The major interest in this laboratory is the development of
conjugated unsaturated ketones as candidate cytotoxins. α,βUnsaturated ketones possess a preferential or exclusive aﬃnity
for thiols in contrast to amino or hydroxyl groups1,2 which are
present in nucleic acids. Hence conjugated unsaturated ketones
should be free from the genotoxic eﬀects of many alkylating
agents used in cancer chemotherapy.3 Various studies revealed
that chemosensitization of some tumor cells makes them more
vulnerable to a second chemical attack than normal cells.4,5
Hence the current focus is on developing compounds
containing the 1,5-diaryl-3-oxo-1,4-pentadienyl pharmacophore
(ARCHC(R)COC(R)CHAR) which permits sequential
alkylation of important cellular thiols such as the isozymes of
glutathione S-transferase, thioredoxin reductase, and succinoxidase. These interactions can take place at one of the oleﬁnic
carbon atoms and subsequently with the remaining electrophilic center.
A number of years ago, the impressive cytotoxicity of 1a
toward human Molt4/C8 and CEM T-lymphocytes and murine
L1210 leukemic cells was observed6 (Table 1) which rivals the
potency of melphalan. However, while 1a (as the hydrochloride
salt) demonstrated promising cytotoxic properties toward
murine P388 cells, the in vivo result demonstrated only a
marginal increase in the median survival time of mice.7 This
result may have been due to a variety of factors including facile
metabolism and excretion, plasma protein binding, and plasma
half-life. In particular, the lipophilicity of 1a may have
contributed to its virtual lack of potency. Hence, in order to
reduce hydrophobicity, a decision was made to introduce
© 2016 American Chemical Society

Scheme 1. Synthesis of Series 1−3

hydroxyl groups in the aryl rings of 1a, the Hansch π value of
the aryl hydroxyl group being −0.67.8
The second structural feature incorporated into the aryl rings
of 1a in this study is one or more alkylaminoalkyl groups with
the consideration that the rate and extent of reaction of these
molecules with cellular thiols will be inﬂuenced by the
magnitude of the atomic charges on the oleﬁnic carbon
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were aminomethylated to produce 4a,b and 5 (Scheme 2). 1H
NMR spectroscopy revealed that 1b, 2a−f, 3, 4a,b, and 6 adopt

Table 1. Evaluation of 1−7 and Melphalan for Their
Antiproliferative Activity against Human Molt 4/C8 and
CEM T-Lymphocytes and Murine Leukemia L1210 Cells

Scheme 2. Synthesis of Series 4−7a

IC50 a (μM)
compd

Molt 4/C8

CEM

L1210

1a
1b
2a
2b
2c
2d
2e
2f
3
4a
4b
5
6
7
melphalan

1.67 ± 0.15
5.02 ± 2.74
0.428 ± 0.01
0.402 ± 0.08
0.334 ± 0.05
0.400 ± 0.04
1.60 ± 0.18
0.883 ± 0.24
>500
4.05 ± 1.37
61.0 ± 20.1
7.70 ± 0.76
1.06 ± 0.65
3.69 ± 1.54
3.24 ± 0.56

1.70 ± 0.02
13.2 ± 9.20
0.640 ± 0.10
0.530 ± 0.12
0.384 ± 0.14
0.390 ± 0.14
1.67 ± 0.35
1.14 ± 0.24
>500
4.00 ± 1.93
62.1 ± 20.2
7.14 ± 2.82
6.96 ± 2.85
3.38 ± 0.32
2.47 ± 0.21

7.96 ± 0.11
96.8 ± 34.2
1.28 ± 0.18
1.19 ± 0.45
0.774 ± 0.28
0.867 ± 0.25
7.78 ± 1.74
2.00 ± 0.54
>500
7.84 ± 0.33
165 ± 49
13.4 ± 0.3
10.7 ± 3.4
7.74 ± 3.49
2.13 ± 0.02

a

(i) 4-OHC 6 H4 CHO, acetic acid, dry HCl; (ii) N,N,N′,N′tetramethylenediamine (2.2 mol equiv), acetonitrile; (iii) N,N,N′,N′tetramethylenediamine (8 mol equiv), acetonitrile

Scheme 3. Preparation of Intermediates 8 and 9a

a

Compound concentration required to inhibit tumor cell proliferation
by 50%.

atoms. For example, in the case of the dimethylaminomethyl
group, the Hammett σm value is 0.00 which when protonated
[CH2(+)NH(CH3)2] becomes 0.40.9
The pH of a number of tumors is lower than nonmalignant
cells,10 and under these circumstances there will be a greater
percentage of charged ions in neoplastic tissues that will lower
the electron density on the oleﬁnic carbon atoms and toxic
eﬀects may well occur preferentially in tumors. These
considerations led to the decision to prepare the compounds
in series 2−5. In addition to the reaction of cellular thiols with
the oleﬁnic carbon atoms of these compounds, the
alkylaminoalkyl groups could react at contiguous binding sites
thereby enhancing potency. For example, the methylene and
methyl groups are available to form van der Waals bonds with
diﬀerent cellular constituents. In addition, the nitrogen atoms
of the dialkylaminoalkyl group may form hydrogen bonds and
when charged produce ionic bonds with anionic groups at a
binding site. Hence the nature of the alkylaminoalkyl group
may inﬂuence the IC50 values signiﬁcantly.
The objectives of the current investigation are to develop
novel potent cytotoxins displaying tumor-speciﬁc properties
and to investigate the mode of actions of a promising lead
compound. In addition, the aspiration was also made to
determine various physicochemical properties that may
inﬂuence the cytotoxicity to gain some insight for further
designing of potent cytotoxic agents with improved tumorselective toxicities.

a

(i) Paraformaldehyde (1 mol equiv), amine (1 mol equiv), methanol;
(ii) ether, dry HCl; (iii) CH2N+(CH3)2Cl−, acetonitrile.

the E conﬁguration, since the oleﬁnic protons absorb in the
region 7.74−7.92 ppm.11 The coupling constants of the oleﬁnic
hydrogen atoms in 5 and 7 revealed the E stereochemistry of
this molecule. The molecular volumes, torsion angles θA and θB,
and log P values of series 1−7 are presented in Table 2.
Table 2. Some Physicochemical Constants of Series 1−7

■

RESULTS
The preparation of 1−7 was accomplished as follows. Acidic
catalysis between 4-piperidone and the appropriate aryl
aldehydes aﬀorded the dienones in series 1−3 (Scheme 1).
As indicated in Scheme 3, the aryl aldehydes 8 required in the
syntheses of 2a−f were synthesized by a Mannich reaction
between 4-hydroxybenzaldehyde, paraformaldehyde, and the
appropriate amine while 9 required in the preparation of 3 was
synthesized using dimethylaminomethylene chloride. Condensation between 4-hydroxybenzaldehyde and cyclohexanone or
acetone led to the formation of 6 and 7, respectively, which

compd

molecular volume (Å3)

θA (deg)

θB (deg)

log P

1a
1b
2a
2b
2c
2d
2e
2f
3
4a
4b
5
6
7

264.43
280.47
405.88
473.09
452.37
485.97
470.34
511.06
531.30
410.28
535.70
370.72
284.87
245.30

125.04
129.00
127.17
115.84
126.58
117.77
115.28
117.62
110.91
127.77
116.12
164.55
134.46
175.75

54.26
50.65
51.50
56.97
51.05
56.57
64.66
59.01
85.96
50.83
91.85
14.68
46.40
6.03

3.36
2.40
2.79
4.30
3.60
4.61
2.49
2.58
1.84
4.41
3.45
3.62
4.01
3.23

Series 1−7 were screened against human Molt4/C8 and
CEM T-lymphocytes as well and murine L1210 leukemia cells.
The results are portrayed in Table 1. The cytotoxic potencies of
2a−f, 3, 4a,b, and 5−7 were assessed against human HSC-2,
HSC-3, and HSC-4 oral squamous cell carcinomas and human
HL-60 promyelocytic leukemic cells. In addition, these
compounds were assayed against human HGF gingival
ﬁbroblasts, HPC pulp cells, and HPLF periodontal ligament
ﬁbroblasts which are nonmalignant cells. These results are
summarized in Table 3. A representative lead cytotoxin 2a
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caused apoptosis in HSC-2 and HL-60 cells as revealed by it
causing internucleosomal DNA fragmentation (Figure 2) and
activating caspases 3 and 7 (Figure 3). In addition, 2a cleaved
poly ADP-ribose polymerase 1 (PARP1) as indicated in Figure
4.

CC50 values are the concentrations of the compounds required to kill 50% of the cells. bSI refers to the selectivity index, which is obtained by dividing the average CC50 of the nonmalignant cells by the
CC50 of a speciﬁc neoplastic cell line. cPSE refers to the potency selectivity expression, which is the product of the reciprocal of the average CC50 toward the four tumor cell lines and the average SI
multiplied by 100.

3.56
>3.28
9.03
>31.2
3.42
47.3
3.38
>2.11
8.49
>105
4.21
150
2.97
>1.74
6.46
>3.23
3.35
6.56
2.29
>3.57
7.07
>4.00
3.04
8.40
5.60
>5.71
14.1
>12.5
3.09
24.1

6.84
8.68
7.45
7.32
6.05
8.65

0.57 ± 0.02
0.40 ± 0.02
0.38 ± 0.01
0.66 ± 0.06
0.60 ± 0.10
0.69 ± 0.08
>200
5.3 ± 0.33
35 ± 8.2
2.1 ± 0.18
16 ± 6.7
5.3 ± 0.07
8.7 ± 4.2
2a
2b
2c
2d
2e
2f
3
4a
4b
5
6
7
melphalan
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■

DISCUSSION
Series 1−7 were evaluated in the Molt4/C8 and CEM
bioassays to ascertain if these dienones are toxic to human
transformed cells. The use of the L1210 screen was undertaken,
since a number of drugs used in cancer chemotherapy are toxic
to this cell line,12 and hence this assay may reveal novel
candidate anticancer agents.
The biodata are presented in Table 1. The introduction of a
hydroxyl group into 1a led to 1b whereby potency was retained
but reduced. However, the introduction of one alkylaminoalkyl
substituent into each of the aryl rings of 1b led to 2a−f with
substantially greater cytotoxic potencies than 1b in all three
bioassays. Thus, series 2, in which 61% of the IC50 values are
submicromolar, is clearly a novel cluster of potent cytotoxins.
Of particular interest are 2a−d which have average IC50 values
in the three bioassays of 0.78, 0.71, 0.50, and 0.55 μM,
respectively. The placement of two dimethylaminomethyl
groups into each of the aryl rings of 1b led to 3 with IC50
values of >500 μM. This result is very surprising; e.g., the
diﬀerence in potency between 2a and 3 in the Molt4/C8 screen
is >1160-fold. The contribution of the piperidinyl and
cyclohexyl rings or the absence of a scaﬀold was addressed.
The order of potencies (average IC50 in μM in parentheses) are
7 (4.94) > 6 (6.24) > 1b (38.3); i.e., no scaﬀold > cyclohexyl
analog > piperidone. On the other hand, 2a (0.78) > 4a (5.30)
> 5 (9.41), revealing the opposite order of potencies. The
introduction of a second dimethylaminomethyl group of 4a
leading to 4b lowers potency considerably as was noted when
comparing the IC50 values of 2a and 3.
The importance of the biodata generated on some of the
compounds in series 1−7 was reinforced when comparing their
potencies with that of melphalan which is an alkylating agent
used in cancer chemotherapy. The following compounds have
statistically signiﬁcant lower IC50 values than melphalan (fold
increases in potency in parentheses). In the Molt4/C8 assay, 1a
(1.94), 2a (7.54), 2b (8.10), 2c (9.82), 2d (8.10), 2e (2.03), 2f
(3.68), and 6 (3.06) are more toxic to the T-lymphocytes than
melphalan while 1b, 4a, and 7 are equipotent. The results in the
CEM screen revealed increased potency by 1a (1.45), 2a
(3.86), 2b (4.66), 2c (6.50), 2d (6.33), 2e (1.48), 2f (2.17),
and 4a is equipotent with melphalan. In the L1210 test, 2a
(1.66), 2b (1.79), 2c (2.77), and 2d (2.45) are more potent
than the established drug while 2f has the same potency. Of
particular interest is the observation that in 89% of the
comparisons made between the IC50 values of 2a−f and
melphalan, the dienones in series 2 are more potent.
A question was evaluated whether the relative potencies of
series 1−7 are the same toward each cell line. Should this be
the case, then the chemical and physicochemical properties of
these molecules inﬂuence cytotoxic potencies in a similar
manner, and it is likely therefore that each of the dienones acts
by the same biochemical mechanisms. In this case one is
justiﬁed in taking the average IC50 in seeking correlations
between potencies and one or more physicochemical
parameters. Kendall’s coeﬃcient of concordance W is a test
for assessing similarity of rankings,13 and the derivation of the
equation used in determining W is presented in the Supporting

a

38
>4.36
251
>96
70.1
282

518
679
603
353
532
396

3.90
3.47
2.83
4.83
3.63
5.97
>200
29.7
>200
29.7
>200
16.4
210
1.2 ± 0.16
0.84 ± 0.04
0.77 ± 0.01
1.4 ± 0.09
1.0 ± 0.15
1.7 ± 0.06
>200
13 ± 0.90
56 ± 42
4.2 ± 0.20
50 ± 3.9
5.4 ± 0.12
25 ± 7.7

3.25
4.13
3.68
3.45
3.63
3.51

1.1 ± 0.03
0.94 ± 0.07
0.88 ± 0.01
1.6 ± 0.04
1.1 ± 0.09
1.8 ± 0.10
>200
10 ± 0.35
115 ± 44
4.6 ± 0.09
62 ± 20
4.9 ± 0.07
32 ± 8.8

3.55
3.69
3.22
3.02
3.30
3.32

0.75 ± 0.09
0.84 ± 0.00
0.87 ± 0.02
1.29 ± 0.13
0.71 ± 0.07
1.1 ± 0.01
>200
8.8 ± 0.55
95 ± 1.2
3.5 ± 1.2
1.9 ± 0.21
3.9 ± 0.23
1.4 ± 1.2

5.20
4.13
3.25
3.74
5.11
5.43

0.91
0.76
0.73
1.24
0.85
1.32
>200
9.28
75.3
3.60
32.5
4.88
16.8

4.71
5.16
4.40
4.38
4.52
5.23

4.0 ± 0.03
3.2 ± 0.44
2.9 ± 0.12
5.3 ± 3.2
3.7 ± 1.7
7.5 ± 0.72
>200
35 ± 1.4
>200
35 ± 2.3
>200
24 ± 0.49
161 ± 27

3.0 ± 0.08
3.5 ± 0.05
2.4 ± 0.67
3.7 ± 0.02
3.4 ± 0.09
4.8 ± 1.0
>200
18 ± 0.25
>200
24 ± 1.9
>200
9.2 ± 0.06
269 ± 153

4.7 ± 0.07
3.7 ± 0.12
3.2 ± 0.43
5.5 ± 1.4
3.8 ± 0.66
5.6 ± 1.4
>200
36 ± 1.7
>200
30 ± 3.8
>200
16 ± 1.1
199 ± 60

PSEc
av CC50
HPLF
HPC
av CC50
SIb
HL-60
SIb
HSC-4
SIb
HSC-3
SIb
HSC-2
compd

human tumor cell line, CC50 (μM)a

Table 3. Evaluation of 2a−f, 3, 4a,b, and 5−7 against Human Neoplastic and Nonmalignant Cell Lines

av SI

HGF

human nonmalignant cell, CC50 (μM)a
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However, the rise in lipophilicity may prove to be detrimental
when in vivo studies are undertaken.
Series 2−7 were also assessed against HSC-2, HSC-3, HSC4, and HL-60 neoplasms. These results are portrayed in Table
3. In general, the relative cytotoxic potencies are similar to the
biodata presented in Table 1. Thus, 2a−f have the lowest CC50
values, the dienone 3 is by far the least toxic compound, while
4a is more potent than 4b and 6. In regard to series 2, 58% of
the CC50 values are submicromolar and these compounds are
all substantially more potent than melphalan toward HSC-2,
HSC-3, and HSC-4 cells; e.g., 2c is 36 times more potent than
the reference drug in the HSC-4 bioassay.
The unsaturated ketones in series 2−7 were examined for
their toxic eﬀects toward HGF, HPC, and HPLF nonmalignant
cells to discover whether selective toxicity toward neoplasms is
demonstrated. The results are indicated in Table 3. Under
clinical conditions, a tumor will be surrounded by diﬀerent
types of normal cells. Hence selectivity index (SI) values were
calculated by comparing the CC50 values of a compound against
a particular neoplastic cell line with the average CC50 values
toward the three nonmalignant cells. All of the compounds
demonstrated tumor-selectivity. The highest average SI in
excess of 31 was demonstrated by 6, and in particular its
selective toxicity for HL-60 cells is noteworthy.
A promising lead compound should demonstrate signiﬁcant
potency toward neoplasms coupled with greater toxicity toward
tumors than normal cells. To identify such molecules, the
potency selectivity expression (PSE) values for series 2, 4−7
were determined which are the products of the reciprocal of the
average CC50 of the compound multiplied by the average SI
and 100. The PSE values are listed in Table 3. All of the
compounds in series 2 have excellent PSE values and are
considerably greater than the value obtained for melphalan. In
addition, the PSE of 5 is encouraging.
To investigate some of the mechanisms whereby a
representative compound 2a exerts its cytotoxic eﬀects, the
following experimentation was undertaken. First, 2a causes
internucleosomal DNA fragmentation in HSC-2 and HL-60
cells as indicated in Figure 2 which reveals that 2a causes

Information section S4. If the ranking for the Molt4/C8, CEM,
and L1210 screens are the same, then W is 1; conversely if
there is no agreement, then W is zero. In the case of series 1−7,
Kendall’s coeﬃcient of concordance is 0.9687 (P = 0.0003),
revealing that the relative potency rankings are the same in the
three cytotoxicity screens.
In light of these encouraging biodata, attempts were made to
discern whether one or more physicochemical properties of the
dienones in series 1−7 inﬂuence cytotoxic potencies. These
compounds are designed as multitargeted thiol alkylators; i.e.,
the potencies exhibited are believed to be dependent, inter alia,
on the shapes and hydrophobicity of the compounds. In regard
to the topography of the dienones, the molecular volumes
control the alignments at diﬀerent binding sites at least to some
extent. Furthermore, on occasion, the size of the torsion angles
between aryl rings and adjacent unsaturated groups has
inﬂuenced the magnitude of diﬀerent bioactivities.14 Hence
the molecular volumes and the torsion angles θA and θB (as
indicated in the Figure 1) were determined. The hydro-

Figure 1. Designation of torsion angles θA and θB.

phobicity of the molecules in series 1−7 will inﬂuence the rate
and extent of the penetration of the compounds via the tumor
cell membranes. Furthermore, in the consideration of taking
promising compounds forward for in vivo evaluation, log P
values of 0−3 are considered optimal in terms of absorption
from the gastrointestinal tract.15 The molecular volumes, θA, θB,
and log P of 1−7 are presented in Table 2.
Some speciﬁc comments on the data in Table 2 are as
follows. The dienones 2a−d with submicromolar average IC50
have molecular volumes in the range 406−486 Å3, suggesting
that analogs with similar properties may possess good cytotoxic
potencies. One may also note that the two least potent
compounds 3 and 4b have the highest molecular volumes. The
torsion angles θA and θB reveal that the aryl rings A and B in 1−
7 are oriented in diﬀerent directions; i.e., the rings are not
parallel with each other. The insertion of one alkylaminomethyl
group into the aryl rings of 1b leading to 2a−f brought about a
buttressing eﬀect; i.e., the group in the 3 position of the aryl
ring exerts a steric eﬀect on the adjacent ortho proton which
increases the torsion angles. The insertion of a second
dimethylaminomethyl group into 2a led to 3 with substantially
greater torsion angles which may be related to the average IC50
of 3 being >500 μM. A similar rise in torsion angles was noted
with the increased aryl substitution in the analogs 4b > 4a > 6
and 5 > 7. Compounds with log P values in the range 0−3 are
1b, 2a,e,f, and 3. Bearing in mind the average IC50 values, one
can identify 2a in particular as being an attractive candidate for
in vivo experimentation.
In addition to these speciﬁc comments, a quantitative
estimate was made as to whether the average IC50 values of
1, 2, 4−7 are correlated with the molecular volumes, θA, θB, and
log P. Linear, logarithmic, and semilogarithmic plots were
made. Trends to a positive correlation between the IC50 and θB
and a negative correlation with log P were observed (p < 0.1).
Hence in terms of increasing potencies, compounds with
smaller θB and increased hydrophobicity are indicated.

Figure 2. Eﬀect of 2a on DNA fragmentation in HSC-2 and HL-60
cells. The cells were incubated with varying concentrations of 2a for 6
and 24 h. As a positive control, cells were irradiated with UV light for 1
min. Treated and control cells were then incubated for 3 h in regular
culture media, after which time the DNA was prepared and applied to
2% agarose gel electrophoresis. M is a 100 bp DNA ladder marker.

apoptosis in these cell lines.16 Second, caspases play important
roles in the process of apoptosis.17 In particular caspases 3 and
7 may be activated by the mitochondrial and death receptor
pathways. The results in Figure 3 reveal that substantial
activation of these caspases takes place in HSC-2 cells. Third,
PARP1 is activated when DNA breaks, since its principal action
is the sensing and repair of DNA single-strand breaks.18 Thus,
compounds that cleave PARP1 may be useful agents in cancer
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Table 4. Evaluation of 2a against a Subpanel of Human
Colon Cancer Cells

Figure 3. Activation of caspases 3 and 7 by 2a in HSC-2 cells.

cell line

IC50 a (μM)

TGI a (μM)

CC50 a (μM)

COLO 205
HCC-2998
HCT-116
HCT-15
HT29
KM12
SW-620
av for 2a
av for 5-ﬂuorouracil

1.05
1.70
1.20
2.19
0.89
1.00
1.26
1.26
14.8

2.24
3.24
2.57
10.5
2.29
2.19
2.69
3.09
>1862

4.90
6.17
5.50
39.8
5.50
4.68
5.89
7.25
>2512

a

Concentrations required to inhibit the growth of the cells by 50%
(IC50), to inhibit growth completely (TGI), and to kill 50% of the cells
(CC50).

chemotherapy. The dienone 2a cleaved PARP1 in HSC-2 and
HL-60 cells as indicated in Figure 4. In summary, the cytotoxic
eﬀects of 2a are due to apoptosis as evidenced by DNA
fragmentation and activation of caspases 3 and 7 in addition to
its ability to inhibit PARP1.

their cytotoxic potencies, selective toxicities, and PSE values,
2a−c emerge as the lead preclinical drug candidates.

■

CONCLUSIONS
3,5-Bis(3-alkylaminomethyl-4-hydroxybenzylidene)-4-piperidones 2a−f are novel potent cytotoxins that demonstrate
promising tumor-selectivity.23 In general, these compounds
have substantially lower IC50 and CC50 toward neoplasms than
melphalan. One of the promising lead compounds 2a induces
apoptosis, causes DNA fragmentation and cleavage of PARP1
in HSC-2 and HL-60 cells, and demonstrates potent
cytotoxicity toward a wide range of human tumor cells.
Structural features that may contribute to cytotoxic potencies
are the torsion angles between the aryl rings and the adjacent
oleﬁnic groups and the log P values. 2a−c are promising lead
molecules possessing suitable druglikeness properties and
therefore warrant further development.

Figure 4. Cleavage of PARP1 by 2a in HSC-2 and HL-60 cells.

A further issue to be resolved is whether these dienones likely
display cytotoxic properties toward other human cancer cell
lines. Hence a representative compound 2a was evaluated
against 59 human neoplasms from nine diﬀerent groups of
tumors (average IC50 of the subpanel in μM in parentheses),
namely, leukemic (1.17), colon (1.26), breast (1.38), prostate
(1.45), central nervous system (1.66), renal (1.70), melanotic
(2.04), non-small-cell lung (2.19), and ovarian (2.34) cancers.19
The average IC50 values of the subpanels reveal that the greatest
toxicity is to leukemic and colon cancers. However, an
examination of the mean graphs20 reveals that the lowest
concentrations of 2a that cause total growth inhibition (TGI)
and are required to kill 50% of the neoplasms (CC50) are
against colon cancer cells. In other words, malignant colon
cancer cells are more sensitive to 2a than other clusters of
tumor cell lines. The evaluation of 2a toward the seven colon
cancer cell lines employed in the screen is presented in Table 4.
The data reveal that in general low micromolar concentrations
of 2a inhibit the growth of colon cancers and exert lethal eﬀects
on these neoplasms. Furthermore, 5-ﬂuorouracil (5-FU) is a
drug used in treating colon cancers. The results in Table 4
reveal the signiﬁcantly greater potency of 2a than 5-FU; for
example, the average TGI of 2a is >600 times lower than the
concentration required by the established anticancer drug.
These data clearly reveal 2a as a lead compound and it is likely
that closely related analogs have the potential to display
promising antineoplastic eﬀects toward a wide range of tumors.
Finally, an assessment of the druglikeness properties of 2−5
was made based on the guidelines by Lipinski et al.21 and
Verber et al.22 All compounds meet the required druglikeness
criteria, which further enhances their potential for development
(data supplied in Supporting Information). On the basis of

■

EXPERIMENTAL SECTION

General. 4-Piperidone hydrochloride hydrate and 4-hydroxybenzaldehyde were purchased from Sigma-Aldrich. All other chemicals
were analytical grade and obtained from commercial suppliers. The
purity of all the synthesized compounds was >95% as ascertained by
elemental analysis and 1H NMR. Elemental analyses were undertaken
using an Elementer CHNS analyzer, and the measured values for C, H,
and N were within ±0.4% of the theoretical values. The 500 MHz 1H
NMR spectra were obtained using a Bruker Avance AMX 500 FT
spectrometer equipped with a BBO probe. Chemical shifts are
reported in ppm. Melting points in °C were determined using a
Gallenkamp apparatus and are uncorrected.
Synthesis of Series 1. The preparation of 1a has been described
previously.6
3,5-Bis(4-hydroxybenzylidene)-4-piperidone Hydrochloride
(1b). 1b was prepared from 4-piperidone hydrochloride monohydrate
(0.005 mol) and 4-hydroxybenzaldehyde (0.01 mol) using the same
procedure for preparing 1a. Yield, 85%; mp >300 °C; 1H NMR
(DMSO-d6) 10.29 (s, 2H, 2 × OH), 9.50 (brs, 2H, NH+), 7.78 (s, 2H,
2 × CH), 7.38 (d, 2H, Ar-H), 6.91 (d, 2H, Ar-H), 4.38 (s, 4H, 2 ×
NCH2). Found C, 65.24; H, 5.48; N, 4.14%. Anal. (C19H18C1NO3·
0.25H2O) requires C, 65.46; H, 5.12; N, 4.02%.
Synthesis of 2a−f. The compounds were prepared by the
following general procedure. Dry hydrogen chloride gas was passed
into a suspension of 4-piperidone hydrochloride monohydrate (0.003
mol) and 3-alkylaminomethyl-4-hydroxybenzaldehyde hydrochloride
(8, 0.006 mol) in glacial acetic acid (50 mL) and stirred overnight at
room temperature. The solid precipitated was ﬁltered, washed with
acetone, dried, and recrystallized from ethanol. Data for a
representative compound 3,5-bis(3′-dimethylaminomethyl-4′-hydroxybenzylidene)-4-piperidone trihydrochloride (2a) are as follows. Yield,
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40%; mp 218−222 °C; 1H NMR (D2O) δ 7.87 (s, 2H, 2 × CH),
7.40 (m, 4H, Ar-H), 6.95 (m, 2H, Ar-H), 4.49 (s, 4H, 2 × NCH2),
4.23 (s, 4H, Ar-CH2-N), 2.77 (s, 12H, 4 × NCH3). Found C, 54.00;
H, 6.79; N, 7.45%. Anal. (C25H34Cl3N3O3·1.5H2O) requires C, 53.77;
H, 6.63; N, 7.52%. The data for 2b−f are in Supporting Information.
Synthesis of 3,5-Bis(3′,5′-bis(dimethylaminomethyl)-4′-hydroxybenzylidene)-4-piperidone Pentahydrochloride (3). 3 was
prepared from 4-piperidone hydrochloride monohydrate (0.003 mol)
in the same way as 2a−f except 3,5-bis(dimethylaminomethyl)-4hydroxybenzaldehyde dihydrochloride (9, 0.006 mol) was used instead
of 3-dimethylaminomethyl-4-hydroxybenzaldehyde. Yield, 65%; mp
205−209 °C; 1H NMR (D2O) δ 7.90 (s, 2H, 2 × CH), 7.50 (s, 4H,
Ar-H), 4.55 (s, 4H, 2 × NCH2), 4.32 (s, 8H, 4 × Ar-CH2-N), 2.78 (s,
24H, 8 × NCH3). Found C, 49.89; H, 7.39; N, 9.32%. Anal.
(C31H50Cl5N5O3·1.5H2O) requires C, 49.93; H, 7.11; N, 9.39%.
Synthesis of 2,6-Bis(3′-dimethylaminomethyl-4′-hydroxybenzylidene)cyclohexanone (4a) and 2,6-Bis(4′-hydroxybenzylidene)cyclohexanone (6). Dry hydrogen chloride was
passed into a mixture of cyclohexanone (0.003 mol) and 4hydroxybenzaldehyde (0.006 mol) in glacial acetic acid (50 mL) and
stirred at room temperature overnight. The resultant precipitate was
collected, dried, and recrystallized from aqueous ethanol to give 6.
Yield, 80%; mp 277−278 °C (lit.,24 mp 279−282 °C).
A mixture of 6 (0.003 mol), N,N,N′,N′-tetramethylmethylenediamine (0.0065 mol) in acetonitrile (50 mL) was reﬂuxed overnight.
The mixture was cooled to room temperature and the solid formed
was ﬁltered, washed with acetonitrile (2 × 5 mL, 10 °C), dried, and
crystallized from acetonitrile to give 4a. Yield, 55%; mp 170−172 °C;
1
H NMR δ 7.74 (s, 2H, 2 × CH), 7.39 (d, 2H, Ar-H), 7.15 (s, 2H,
Ar-H), 6.88 (d, 2H, Ar-H), 3.71 (s, 4H, 2 × Ar-CH2-N), 2.93 (t, 4H, 2
× CH2), 2.38 (s, 12H, 4 × NCH3), 1.83 (p, 2H, CH2). Found C,
73.91; H, 7.98; N, 6.75%. Anal. (C26H32N2O3) requires C, 74.26; H,
7.67; N, 6.66%.
Synthesis of 2,6-Bis[3′,5′-bis(dimethylaminomethyl)-4′hydroxybenzylidene]cyclohexanone (4b). 4b was prepared in
the same way as 4a from 6 using excess quantity of N,N,N′,N′tetramethylmethylenediamine (0.024 mol). Yield, 72%; mp 151−153
°C; 1H NMR (D2O) δ 7.73 (s, 2H, 2 × CH), 7.25 (s, 4H, Ar-H),
3.64 (s, 8H, 4 × Ar-CH2-N), 2.95 (t, 4H, 2 × CH2), 2.37 (s, 24H, 8 ×
NCH3), 1.84 (p, 2H, CH2). Found C, 71.74; H, 8.83; N, 10.51%. Anal.
(C32H46N4O3) requires C 71.88; H, 8.67; N, 10.48%.
Synthesis of 1,5-Bis(3′-dimethylaminomethyl-4′hydroxyphenyl)penta-1,4-dien-3-one (5) and 1,5-Bis(4′hydroxyphenyl)penta-1,4-dien-3-one (7). Dienone 7 was prepared from acetone (0.003 mol) and 4-hydroxybenzaldehyde (0.006
mol) by the same procedure as utilized in the synthesis of 6. Yield,
60%; mp 235−237 °C (lit.25 mp 238−239 °C); 1H NMR δ 10.07 (d,
2H, 2 × OH), 7.66 (m, 6H, 4 × Ar-H and 2 × CH), 7.11 (m, 2H, 2
× CH), 6.85 (m, 4H, Ar-H). Found C, 72.25; H, 7.65; N, 7.12%.
Anal. (C23H28N2O3) requires C, 72.60; H, 7.42; N, 7.36%.
A mixture of 7 (0.003 mol) and N,N,N′,N′-tetramethylmethylenediamine (0.012 mol) in acetonitrile (50 mL) was heated under reﬂux
overnight. On cooling to room temperature, the precipitate was
collected, washed with acetonitrile (2 × 10 mL, 10 °C), dried, and
recrystallized from acetonitrile to give 5. Yield, 68%; mp 210−213 °C;
1
H NMR δ 7.65 (d, 2H, J = 15.9 Hz, 2 × CH), 7.55 (m, 4H, Ar-H),
7.11(d, 2H, J = 15.9 Hz, 2 × CH), 6.82−6.81 (d, 2H, J = 8.1 Hz, ArH), 3.65 (s, 4H, 2 × Ar-CH2-N), 2.29 (s, 12H, 4 × NCH3). Found C,
72.25; H, 7.65; N, 7.12%. Anal. (C23H28N2O3) requires C, 72.60; H,
7.42; N, 7.36%.
Synthesis of Series 8. Aryl aldehydes 8a−f were prepared by the
following general method. A solution of 4-hydroxybenzaldehyde (0.05
mol) in methanol (50 mL) was added to a preheated mixture of
paraformaldehyde (0.05 mol) and the appropriate amine (0.05 mol) in
methanol (50 mL) at 70 °C for 1 h. After the addition of 4hydroxybenzaldehyde, the mixture was heated at 70 °C for 2 h. After
removal of the solvent, the residue was dissolved in ether and
hydrogen chloride gas was passed through the solution. The resultant
precipitate was collected, dried, and recrystallized from ethanol. The
data for a representative compound 4-hydroxy-3-

(dimethylaminomethyl)benzaldehyde hydrochloride (8a) are as
follows. Yield, 55%; mp 209−211 °C; 1H NMR (D2O) δ 9.67 (s,
1H, CHO), 7.88−7.85 (m, 2H, Ar-H), 7.06-7.04 (m, 1H, Ar-H), 4.29
(s, 2H, Ar-CH2-N), 2.79 (s, 6H, 2 × NCH3). The data for 8b−f are in
Supporting Information.
Synthesis of 9. A mixture of 4-hydroxybenzaldehyde (0.01 mol)
and N,N-dimethyl-N-methyleneammonium chloride (0.025 mol) in
dry acetonitrile (40 mL) was heated under reﬂux for 24 h. On cooling,
the precipitate was collected, washed with acetonitrile (2 × 5 mL), and
recrystallized from ether−ethanol to give 9. Yield, 60%; mp 231−232
°C (lit.26 mp 234−235 °C); 1H NMR (D2O) δ 9.32 (s, 1H, CHO),
7.66 (s, 2H, Ar-H), 3.97 (s, 4H, 2 × Ar-CH2-N), 2.61 (s, 12, 4 ×
NCH3).
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ABSTRACT
Several trans stilbenes and cis stilbenes with substitution on the olefinic bridge were synthesized and
the chemical structures were confirmed by IR, 1H-NMR and mass spectral analysis. The chemical entities were
screened for cytotoxic study against human tumor cell lines namely Molt4/C8, CEM and murine leukemia
L1210 cell line. Among the tested compounds, results showed that the (E)-1,2,3-trimethoxy-5-(4methylstyryl)benzene (6h) emerged as most antiproliferative agent with IC50: 1.2 µM, 1.4 µM and 3.1 µM
against L1210, Molt4/C8 and CEM respectively.
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INTRODUCTION
Resveratrol, 1 (3,4’,5-trihydroxy-trans-stilbene, RSV) is a polyphenolic stilbene classified as a
phytoalexin produced by a wide variety of plants [1]. RSV is exclusively synthesized in the leaf epidermis and in
the grape skins but not in the flesh [2]. RSV protect the cardiovascular system by a large number of
mechanisms including defense against ischemic-reperfusion injury, promotion of vasorelaxation, protection &
maintenance of intact endothelium, anti-atherosclerotic properties, inhibition of low-density lipoprotein
oxidation, suppression of platelet aggregation & estrogen-like actions [3]. It can affect the processes
underlying all three stages of carcinogenesis, involving tumor initiation, promotion & progression. RSV has
anticarcinogenic effect and this appears to be closely associated with its anti-oxidant activity [4,5]. It inhibits
cyclo-oxigenase [6], protein kinase C [7], BCl-2 phosphorelation [8], nuclear factor kappa β (NFkβ) [6] and cell
cycle regulators [9]. Lion et al., in 2005 synthesized a novel family of monohydroxylated (E)-stilbenes and
studied their ability to inhibit the growth and induce apoptosis in human tumor cell lines [10]. Heynekamp et
al., in 2006, synthesized various substituted trans-stilbenes including analogues of resveratrol, and proved that
they inhibit the human tumor necrosis factor α-induced activation of transcription factor nuclear factor kappaB [11].
Moran et al., in 2009 synthesized fluorinated analogues of resveratrol (2) and assayed on a variety of
cell lines, primarily the non-small lung carcinoma cell line DLKP-A [12]. Reddy et al., in 2011 designed and
synthesized resveratrol-based nitrovinylstilbene (3) as antimitotic agents [13]. Karki et al., in 2011 synthesized
some stilbene derivatives and screened them against human Molt4/C8, CEM and murine L1210 cell lines [14].
A potential effect of RSV as a trihydroxy stilbene and olefinic carbon scaffold has been the subject of
modifications with the aim of generating novel RSV analogues with better anticancer activity.

Figure 1. Resveratrol and other related derivatives.
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RESULTS AND DISCUSSION
Chemistry
Wittig reaction was carried out by using phosphonium chloride (5) with aryl aldehyde in benzene in
the presence of sodium hydride. Excess of sodium hydride was quenched by addition of methanol and then
were added chloroform and water. After evaporating, organic layer and residue was purified by column
chromatography using 5% methanol in hexane as the eluent (6a-k) (Scheme 1, Table 1).
Table 1: Physicochemical property of synthesized derivatives
R''
R'

R

Code
No
6a
6b
6c
6d
6e
6f
6g
6h
6i
6j
6k
8a
8b
8c
8d
8e
8f

R

R’

R’’

Rf

4-CH3
4-CH3
H
4-CH3
4-Cl
4-Cl
4-Cl
4-CH3
H
4-CH3
4-CH3
H
H
H
H
H
H

3-NO2
4-NO2
4-NO2
2-NO2
2-NO2
3-NO2
4-NO2
3,4,5-tri-OCH3
3,4,5-tri-OCH3
3,4-di-OCH3
4-Cl
2-NO2
4-NO2
4-OH
3,4-di-OCH3
3-NO2
3-OH-4-OCH3

H
H
H
H
H
H
H
H
H
H
H
COOH
COOH
COOH
COOH
COOH
COOH

0.42
0.46
0.45
0.68
0.72
0.76
0.38
0.48
0.70
0.52
0.58
0.60
0.72
0.40
0.42
0.56
0.48

Mp
(ºC)
95-98
148-150
120-123
82-85
80-83
85-87
185-188
115-120
95-98
105-108
96-98
185-188
200-203
210-213
190-192
155-156
182-185

Table 2: Inhibitory effects of compounds on the proliferation of murine leukemia cells (L1210/0) and human Tlymphocyte cells (Molt4/C8, CEM/0)
IC50* (µM)
Compound
6a
6b
6c
6d
6e
6f
6g
6h
6i
6j
6k
8a
8b
8c
8d
8e
8f
Melphalan

L1210/0

Molt4/C8

CEM/0

≥500
>500
>500
64 ± 13
349 ± 16
160 ± 61
500
1.2 ± 0.5
190 ± 3
>500
≥500
368 ± 187
200 ± 97
172 ± 52
187 ± 44
185 ± 87
NT

>500
478 ± 31
500
45 ± 7
182 ± 36
195 ± 6
500
1.4 ± 0.4
51 ± 9
>500
>500
≥500
250 ± 22
192 ± 15
226 ± 14
192 ± 10
NT

>500
500
382 ± 54
57 ± 1
244 ± 3
209 ± 18
350 ± 28
3.1 ± 0.6
93 ± 1
>500
>500
500
255 ± 38
198 ± 3
236 ± 6
254 ± 23
NT

2.13 ± 0.02

3.24 ± 0.56

2.47 ± 0.21

NT - Not Tested
*
50% inhibitory concentration.
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Scheme 1 Synthesis of novel resveratrol analogues 6a-k
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a) CH3CN, triphenyl phosphine; b) NaH, benzene, aryl aldehyde, 0-5 C
Scheme 2 Synthesis of resveratrol analogues modified at olefinic carbon 8a-f

R

O
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R

2

H

c
R

OH

H

7
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R

1

c) triethyl amine, acetic anhydride, aryl aldehyde, dil HCl

Several derivatives containing acidic functional groups were prepared. Base-catalyzed condition of
phenyl acetic acid (7) with aryl aldehyde in the presence of triethylamine gave the carboxylic acid (8a-f)
(Scheme 2, Table 1).
In Vitro Cytotoxic Activity
Fifteen trans stilbenes 6a-k and five cis stilbene 8a-f derivatives with substitution on the olefinic
bridge carbon were evaluated for their antiproliferative activity against a panel of three different cell lines
from human Molt4/C8 and CEM T-lymphocytes as well and murine leukemia L1210 using MTT assay and were
compared with the reference compound melphalan. The results are presented in Table2.
For all the screened compounds, we can observe that the antiproliferative activity against Molt4/C8,
CEM and L1210 cells are in general good to very mild activity. Among them derivatives 6h showed
antiproliferative activity with two fold higher IC50 values than that of melphalan against L1210 and Molt cells
and displayed almost equipotent antiproliferative activity against CEM. Whereas for derivatives 6d and 6i
exhibited moderate antiproliferative activity against Molt cells IC50 = 45 and 51 µM respectively. However
structure-relationship in this series of resveratrol derivatives that possesses 3,4,5-trimethoxy moiety on one
phenyl ring and 4-methyl substituent on another ring demonstrated that there was better antiproliferative
activity against all three cell lines. This indicates that, replacement of methyl and 3,4,5-trimethoxy group may
play a key role in the antiproliferative activity.
The cytotoxicity on tumor cell lines was evaluated by MTT assay and the results obtained for the
different compounds are summarized in Table 2. This group of compounds includes 11 trans stilbenes (6a-k), 6
cis stilbene derivatives with substitution on the bridge connecting two phenyl rings (8a-f) (Table 1).
The trans stilbenes (6a-k) were poorly cytostatic except for 6h (Table 2). The IC50 values ranged
between 1.2 and ≥ 500 µM.
Regarding the cis stilbenes with substitutions on the olefinic bridge (Table 2), there was not much
improvement in cytostatic activity. In separate experiments, a COOH group was introduced at the olefinic
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carbon linkage, and this resulted in the formation of compounds 8a-f (IC50 < 150 µg/ml). However, when the COOH group of the compound was converted to a methyl ester, the cytostatic activity somewhat increased,
and the N-methylamide derivatives were clearly less cytostatic (Karki et al., 2011).
CONCLUSION
Several trans stilbenes and cis stilbenes with substitution on the olefinic bridge were synthesized in an
effort to obtain substances that could be more readily formulated. Derivative 6h emerged as most cytostatic
compound against all three cell lines evaluated.
EXPERIMENTAL
Chemistry
The solvents (AR grades) were obtained from Sd Fine Chem., Mumbai, and E. Merck, Mumbai. The
reagents (puriss grade) were obtained from SRL, Mumbai. The melting points are taken in open capillary
method and are uncorrected. FTIR spectra were recorded in KBr powder on a Jasco 430+ spectrophotometer
1
13
by diffuse reflectance technique (Jasco, Japan). H/ C NMR spectra were measured in CDCl3 and DMSO-d6 on
a Bruker Ultraspec AMX 400 MHz spectrometer (Bruker, Germany). The reported chemical shifts were against
that of TMS. Mass spectra were recorded in triple quadrapole LCMS-6410 from Agilent technologies (US).
General procedure A for the synthesis of Stilbenes (6a-k)
A stirred solution of arylmethyl chloride 4 (2.88 g, 31.7 mmol) in acetonitrile (20 ml) was treated with
triphenylphosphine (8.57 g, 32.7 mmol) and the mixture was refluxed with stirring for 12 hrs and then
evaporated. The crude product was purified by crystallization from chloroform and ether, affording 95 % yield
(11. 7g) as a phosphonium chloride 5. Sodium hydride (72 mg, 3 mmol) was added in portions to a well-stirred
suspension of phosphonium chloride 5 (2 mmol) and aryl aldehyde (2 mmol) in benzene (20 mL) at 0-5 °C, and
the mixture was allowed to warm up to room temperature. After an additional stirring for 16 hrs, excess
sodium hydride was quenched by the addition of methanol (1 mL), after which 30 ml of chloroform and water
was added. The organic and aqueous layers were then separated. Distilled of the organic layer, the residue was
purified by preparative TLC using 5% methanol in hexane as the eluent.
(E)-1-(4-Methylstyryl)-3-nitrobenzene (6a):
Following general procedure A, compound 6a was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 49% yield; IR (KBr) v 3086-3023, 2953-2853, 1527, 1480, 1351. H-NMR (400 MHz,
CDCl3) δ 8.35 (1H, s), 8.08 (d, J = 8 Hz, 1H), 7.78 (d, J = 8 Hz, 1H), 7.50 (t, J = 16 Hz, 1H), 7.44 (d, J = 8 Hz, 2H),
13
7.25-7.06 (md, J = 8 Hz, 4H), 2.37 (s, 3H, CH3). C-NMR (CDCl3) δ; 148.79 (s), 139.42 (s), 138.61 (s), 133.54 (s),
132.09 (s), 131.74 (s), 129.56 (s), 126.77 (s), 125.12 (s), 121.78 (s), 120.77 (s), 29.68 (s), 21.28 (s). ESI MS: (m/z)
239 (M).
(E)-1-(4-Methylstyryl)-4-nitrobenzene (6b):
Following general procedure A, compound 6b was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 60% yield; IR (KBr) v 3090-3021, 1593, 1517, 1342. H-NMR (400 MHz, CDCl3) δ 8.21
(d, J = 8 Hz, 2H), 7.62 (d, J = 12 Hz, 2H), 7.45 (d, J = 8 Hz, 2H), 7.26-7.07 (m, ar, 4H), 2.38 (s, 3H, CH3). ESI MS
(m/z) 239 (M)
(E)-1-nitro-4-styrylbenzene (6c):
Following general procedure A, compound 6c was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 61% yield; IR (KBr) v 3103-3026, 2919-2847, 1593, 1510, 1345. H-NMR (400 MHz,
CDCl3) δ 8.24 (d, J = 8 Hz, 2H), 7.65 (d, J =8 Hz, 2H), 7.57 (d, J = 6 Hz, 2H), 7.41 (t, J = 12 Hz, 2H), 7.36-7.32 (m,
1H), 7.29 (s, 1H), 7.17-7.14 (m, 1H).
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(E)-1-(4-Methylstyryl)-2-nitrobenzene (6d):
Following general procedure A, compound 6d was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 59% yield; IR (KBr) v 3082-3026, 2975-2854, 1519, 1346. H-NMR (400 MHz, CDCl3) δ
8.01 (d, J = 8 Hz, 1H), 7.41-7.37 (m, 2H), 7.31-7.29 (m, 1H), 6.98-6.93 (m, 4H), 6.85 (d, J = 8 Hz, 1H), 6.74 (d, J =
8 Hz, 1H), 2.27 (s, 3H, CH3).
(E)-1-(4-chlorostyryl)-2-nitrobenzene (6e):
Following general procedure A, compound 6e was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 66% yield; IR (KBr) v 3091-3029, 2960, 1524, 1493, 1355. H-NMR (400 MHz, CDCl3) δ
8.39 (s, 1H), 8.12 (d, J = 8 Hz, 1H), 7.81 (d, J = 8 Hz, 1H), 7.55-7.45 (td, J = 16, 8 Hz, 3H), 7.41 (d, J = 8 Hz, 2H),
7.19 (d, J = 16 Hz, 1H), 7.12 (d, J = 16 Hz, 1H). ESI MS (m/z) 259 (M).
(E)-1-(4-chlorostyryl)-3-nitrobenzene (6f):
Following general procedure A, compound 6f was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 61% yield; IR (KBr) v 3086-3033, 2958-2849, 1525, 1490, 1354. H-NMR (400 MHz,
CDCl3) δ 8.37 (s, 1H), 8.13 (d, J = 8 Hz, 1H), 7.80 (d, J = 8 Hz, 1H), 7.56-7.46 (td, J = 16, 8 Hz, 3H), 7.38 (d, J = 8
Hz, 2H), 7.21 (d, J = 16 Hz, 1H), 7.13 (d, J = 16 Hz, 1H). ESI MS (m/z) 259 (M).
(E)-1-(4-chlorostyryl)-4-nitrobenzene (6g):
Following general procedure A, compound 6g was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 61% yield; IR (KBr) v 3106-3033, 2919-2848, 1591, 1507, 1339. H-NMR (400 MHz,
CDCl3) δ 8.24 (d, J = 8 Hz, 2H), 7.64 (d, J =8 Hz, 2H), 7.49 (d, J = 8 Hz, 2H), 7.38 (d, J = 8 Hz, 2H), 7.24 (d, J = 16
Hz, 1H), 7.13 (d, J = 16 Hz, 1H).
(E)-1,2,3-trimethoxy-5-(4-methylstyryl)benzene (6h):
Following general procedure A, compound 6h was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 51% yield; IR (KBr) v 3050, 2986-2826, 1584, 1510, 1335. H-NMR (400 MHz, CDCl3) δ
7.42 (d, J = 8 Hz, 2H), 7.18 (d, 2H, J = 8 Hz), 6.99 (s, 1H), 6.73 (s, 1H), 3.93 (s, 9H, 3OCH 3), 2.36 (s, 3H, CH3). ESI
MS (m/z) 284 (M).
(E)-1-2-3-trimethoxy-5-styrylbenzene (6i):
Following general procedure A, compound 6j was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 59% yield; IR (KBr) v 3059, 2994-2828, 1584, 1506, 1455, 1346, 1325. H-NMR (400
MHz, CDCl3) δ 7.54 (d, J = 8 Hz, 2H), 7.37 (t, J = 12 Hz, 2H), 7.28 (t, J = 12 Hz, 1H), 7.04 (d, 2H), 6.76 (s, 2H), 3.93
(s, 9H, 3OCH3).
(E)-1-2-dimethoxy-4-(4-methylstyryl)benzene (6j):
Following general procedure A, compound 6k was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 59% yield; IR (KBr) v 3078-3003, 2958-2846, 1583, 1514, 1339. H-NMR (400 MHz,
CDCl3) δ 7.41 (d, J = 8 Hz, 2H), 7.17 (d, J =8 Hz, 2H), 7.07-6.93 (m, 4H), 6.87 (d, J = 8 Hz, 1H), 3.95 (s, 3H, OCH3),
3.91 (s, 3H, OCH3), 2.36 (s, 3H, CH3). ESI MS (m/z) (%) 254 (M).
(E)-1-chloro-4-(4-methylstyryl)benzene (6k):
Following general procedure A, compound 6l was purified by column chromatography, eluting with
1
hexane/methanol (95:5): 66% yield; IR (KBr) v 3052-3020, 2917-2852, 1588, 1562, 1479, 1383. H-NMR (400
MHz, CDCl3) δ 7.49 (s, 1H), 7.41 (d, J = 8 Hz, 2H), 7.36 (d, J = 8 Hz, 1H), 7.29-7.16 (m, 4H), 7.10-7.06 (m, 1H),
13
7.00-6.96 (m, 1H), 2.36 (s, 3H, CH3). C-NMR (CDCl3) δ; 139.48 (s), 138.02 (s), 134.63 (s), 134.07 (s), 130.09 (s),
129.83 (s), 129.47 (s), 127.26 (s), 126.58 (s), 126.22 (s), 124.62 (s), 29.69 (s), 21.25 (s). ESI MS (m/z) 228 (M-1).
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General Procedure B for the Synthesis of olefinic substituted stilbenes (8a-f).
A mixture of aryl acetic acid 7 (2 mmol) aryl aldehyde (2 mmol) and triethylamine (0.5 mL) in acetic
anhydride (5 mL) was heated under reflux for 12 hrs and poured into hot saturated sodium carbonate solution
(50 mL) and left overnight. The mixture was extracted with ether (2 X 50 mL), the ether extracts were
discarded, and the aqueous solution was acidified with dilute HCl, after which the precipitated product was
filtered and dried.
(E)-3-(2-nitrophenyl)-2-phenyl-acrylicacid (8a):
Following general procedure B, compound 8a was purified by recrystalization from ethyl acetate-hexane: 86%
1
yield; IR (KBr) v 3200-2500, 1684, 1517, 1338. H-NMR (400 MHz, CDCl3) δ 8.25 (s, 1H), 8.11 (d, J = 8 Hz, 1H),
7.39-7.30 (m, 2H), 7.26-7.24 (m, 3H), 7.16-7.15 (m, 2H), 6.95 (d, J = 8 Hz, 1H). ESI MS (m/z) 270 (M+1).
(E)-3-(4-nitrophenyl)-2-phenyl-acrylic acid (8b):
Following general procedure B, compound 8b was purified by recrystalization from ethyl acetate-hexane: 88%
1
yield; IR (KBr) v 3300-2700, 1683, 1617, 1591, 1516, 1344. H-NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8 Hz, 2H),
7.95 (s, 1H), 7.41-7.27 (m, 3H), 7.22-7.20 (m, 4H). ESI MS (m/z) 270 (M+1).
(E)-3-(4-hydroxyphenyl)-2-phenyl-acrylic acid (8c):
Following general procedure B, compound 8c was purified by recrystalization from ethyl acetate-hexane: 78%
1
yield; IR (KBr) v 3300-2700, 1683, 1617, 1591, 1516, 1344. H-NMR (400 MHz, CDCl3) δ 12.45 (s, 1H), 9.88 (s,
1H, OH), 7.67 (s, 1H), 7.42-7.36 (m, 3H), 7.17 (d, J = 8 Hz, 2H), 6.89 (d, J = 8Hz, 2H), 6.57 (d, J = 8 Hz, 2H). ESI MS
(m/z) 240 (M).
(E)-3-(3,4-dimethoxyphenyl)-2-phenyl-acrylic acid (8d):
Following general procedure B, compound 8d was purified by recrystalization from ethyl acetate-hexane: 82%
1
yield; IR (KBr) v 3525, 3050, 2836-2971, 1669, 1595, 1514, 1422. H-NMR (400 MHz, CDCl3) δ 7.89 (s, 1H), 7.447.26 (m, 6H), 6.88 (d, J = 8 Hz, 1H), 6.75 (d, J = 8 Hz, 1H), 6.43 (s, 1H), 3.85 (s, 3H, OCH 3), 3.37 (s, 3H, OCH3). ESI
MS (m/z) 284 (M).
(E)-3-(3-nitrophenyl)-2-phenyl-acrylic acid (8e):
Following general procedure B, compound 8e was purified by recrystalization from ethyl acetate-hexane: 79%
1
yield; IR (KBr) v 3305-2701, 1685, 1610, 1590, 1515, 1340. H-NMR (400 MHz, CDCl3) δ 9.25 (s, br, COOH), 8.06
13
(s, 1H), 7.95 (d, J = 16 Hz, 2H), 7.41-7.33 (m, 5H), 7.22 (m, 2H). C-NMR (CDCl3) δ; 172.24 (s), 148.17 (s), 139.38
(s), 136.01 (s), 134.88 (s), 134.05 (d), 129.44 (s), 129.19 (s), 129.06 (s), 128.76 (s), 126.93 (s), 125.19 (s), 123.76
(s), 122.91 (s). ESI MS (m/z) 292 (M+Na).
(E)-3-(3-hydroxy-4-methoxyphenyl)-2-phenyl-acrylic acid (8f):
Following general procedure B, compound 8f was purified by recrystalization from ethyl acetate-hexane: 81%
yield; IR (KBr) v 3518, 3037, 3000, 2942, 1674, 1366. ESI MS (m/z) 270 (M).
Cytostatic activity
The methodology for measuring the cytostatic activity in Molt 4/C8, CEM and L1210 assays has been
published previously (15). In brief, varying concentrations of compounds were incubated at 37 °C with the cells
for 72 h (human Molt 4/C8 or CEM T-lymphocytes) or 48 h (murine L1210 cells). After the incubation period,
the cell number was counted by a coulter counter (Harpenden Herz, UK).
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Abstract: In this paper, a series of imidazo[2,1-b][1,3,4]thiadiazoles have been prepared by reacting 2-amino1,3,4-thiadiazole with various phenacyl bromides in alcohol. The structures of all the derivatives were confirmed by IR, NMR and mass spectroscopy. All the derivatives have been tested for cytostatic activity against
human T-lymphocyte cells (CEM), human cervix carcinoma cells (HeLa), murine leukemia cell line (L1210),
and antiviral activity. Among the tested compounds, derivatives 5b, 5c, and 7a were cytostatic between 49-63
mM against Hela and 7g was cytotoxic at 23 mM against L1210 and CEM cell lines. Compounds 5h and 7h
emerged as antiviral agents with slight activity against influenza A and B.
Keywords: anti-influenza, imidazo[2,1-b][1,3,4]thiadiazole, cytotoxicity, antiviral

cies were found in those compounds with the presence of formyl and thiocyanate functional group at
the 5 position of imidazo[2,1-b][1,3,4]thiadiazole
nucleus (III). From these studies, two compounds
possessing 2H-chromen-2-one-3-yl at the 6 position
of imidazo[2,1-b][1,3,4]thiadiazole were identified
as the most promising cytotoxic agents and are
referred to as (IV) (2). In general, these compounds
are potent cytotoxic compounds having IC50 values
less than 1 µM and are substantially more potent
than melphalan and levamisole which are used clinically in treating cancers. These encouraging results
justify the further bioevaluation of the series 5a-i
and 7a-i. An examination of the effects of placing
different heteroaryl substituents instead of aralkyl
rings of imidazo[2,1-b][1,3,4]thiadiazole on cytotoxic potencies was proposed (V). The goal was to
gain some idea of the sensitivity of these compounds
towards human lymphomas and leukemia.

Imidazo[2,1-b][1,3,4]thiadiazole is an isoster
of biologically significant bridgeheaded heterocyclic imidazo[2,1-b][1,3]thiazole (e.g., levamisole)
and during the past decades, a significant development has been noted for imidazo[2,1-b][1,3,4]thiadiazoles in their chemistry and biology. The principal interest in our laboratories is the synthesis and
anticancer activity of imidazo[2,1-b][1,3,4]thiadiazoles (I). The perceived importance of these compounds is their ability to act as anticancer by inducing apoptosis without arresting the cell cycle (1-3).
Initially compounds containing 2-benzyl and 6
phenyl or substituted phenyl imidazo[2,1b][1,3,4]thiadiazole derivatives were prepared and
demonstrated cytotoxic and anticancer properties (1)
(II). Most of the compounds displayed micromolar
or submicromolar IC50 values against various human
and murine tumor cancer cell lines (2, 3).
In general, the greatest antiproliferative poten-
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EXPERIMENTAL
The melting points are uncorrected. Silica gel
plates were used for TLC using toluene and ethyl
acetate in various proportions as mobile phases. The
IR spectra were recorded in KBr on a Jasco 430+;
the 1H NMR spectra were recorded in CDCl3/DMSO
on a Bruker (400 MHz), and J values are reported in
hertz (Hz). Mass spectra were recorded in triple
quadrapole LCMS-6410 from Agilent Technologies. Required substituted phenacyl bromides and
3-(bromoacetyl)-2H-chromen-2-one were prepared
according to the literature (1-3).
Synthesis of 5-(thiophen-2-yl)-1,3,4-thiadiazol-2amine (4) (4)
The thiophen-2-carboxylic acid [1] (0.1 M),
POCl3 (20-30 mL) and thiosemicarbazide [3] (0.1
M) were treated in a round bottom flask. The contents of the reactions were heated to reflux for one
hour and cooled to room temperature. The contents
of the reaction mixtures were poured in ice cold
water and made basic with potassium hydroxide
solution. The products obtained were filtered and
washed with cold water and purified from ethyl
alcohol. Yield 50%. M.p. 135-138OC, IR (KBr, cm-1):
3285, 3097, 1621, 1513, 1464, 1420, 1328, 1045.
General procedure for the synthesis of 2-thiophen-2-yl-imidazo[2,1-b][1,3,4]thiadiazoles (5a-i)
The
5-(thiophen-2-yl)-1,3,4-thiadiazol-2amine 1, (30 mmol) was treated with the respective
phenacyl bromide 3 (30 mmol), in ethanol (150
mL). The mixture was refluxed for 12 h. Excess of
solvent was removed under reduced pressure and the

solid hydrobromide was separated by filtration,
washed with cold ethanol and dried. Neutralization
of hydrobromide salts with cold aqueous solution of
sodium carbonate yielded the corresponding free
bases, which were filtered with good yield.
6-Phenyl-2-(thio117,228 phen-2-yl)imidazo[2,1b][1,3,4] thiadiazole (5a)
Obtained according to the general procedure
for the synthesis of 2-thiophen-2-yl-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3075, 2930,
1602, 1540, 1493, 1469, 1254. 1H NMR (400 MHz,
DMSO-d6, δ, ppm): 7.27-7.30 (m, 2H), 7.41 (t, 2H,
J = 16 Hz), 7.84-7.88 (m, 3H), 7.92-7.93 (m, 1H),
8.69 (s, 1H, imidazole).
6-(4-Bromophenyl)-2-(thiophen-2-yl)imidazo[2,
1-b][1,3,4]thiadiazole (5b)
Obtained according to the general procedure for
the synthesis of 2-thiophen-2-yl-Imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3144, 3053,
2878, 1632, 1582, 1470, 1425, 1280. 1H NMR (400
MHz, DMSO-d6, δ, ppm): 7.26-7.28 (m, 1H), 7.62 (d,
2H, J = 8.4 Hz), 7.83 (d, 2H, J = 8.4 Hz), 7.86-7.87
(m, 1H), 7.93-7.94 (m, 1H), 8.72 (s, 1H, imidazole).
6-(4-Chlorophenyl)-2-(thiophen-2-yl)imidazo[2,
1-b][1,3,4]thiadiazole (5c)
Obtained according to the general procedure for
the synthesis of 2-thiophen-2-yl-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3148, 3105,
3065, 2973, 1592, 1535, 1470, 1425, 1335, 1254. 1H
NMR (400 MHz, DMSO-d6, δ, ppm): 7.26-7.29 (m,
1H), 7.49 (d, 2H, J = 8.4 Hz), 7.86-7.90 (md, 3H, J =
8.4 Hz), 7.93-7.95 (m, 1H), 8.75 (s, 1H, imidazole).
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6-(4-Nitrophenyl)-2-(thiophen-2-yl)imidazo[2,1b][1,3,4]thiadiazole (5d)
Obtained according to the general procedure
for the synthesis of 2-thiophen-2-yl-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3126, 3006,
2933, 1599, 1546, 1510, 1460, 1255. 1H NMR (400
MHz, DMSO-d6, δ, ppm): 7.28-7.30 (m, 1H), 7.907.91 (m, 1H), 7.96-7.97 (m, 1H), 8.14 (d, 2H, J = 8.4
Hz), 8.30 (d, 2H, J = 8.4 Hz), 8.99 (s, 1H, imidazole). MS (ESI) m/z: 329 (M + H).
6-(4-Methylphenyl)-2-(thiophen-2-yl)imidazo[2,
1-b][1,3,4]thiadiazole (5e)
Obtained according to the general procedure
for the synthesis of 2-thiophen-2-yl-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3150, 3058,
3029, 2911, 2851, 1604, 1543, 1494, 1471, 1427,
1332, 1254. 1H NMR (400 MHz, DMSO-d6, δ,
ppm): 2.32 (s, 3H, -CH3), 7.23 (d, 2H, J = 8 Hz),
7.26-7.28 (m, 1H), 7.76 (d, 2H, J = 8.4 Hz), 7.84-
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7.86 (m, 1H), 7.92-7.93 (m, 1H), 8.63 (s, 1H, imidazole). MS (ESI) m/z: 298.1 (M + H).
6-(4-Methoxyphenyl)-2-(thiophen-2-yl)imidazo
[2,1-b][1,3,4]thiadiazole (5f)
Obtained according to the general procedure
for the synthesis of 2-thiophen-2-yl-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3140, 3100,
3077, 2992, 2963, 2939, 2836, 1601, 1545, 1470,
1333, 1249, 1175. 1H NMR (400 MHz, DMSO-d6, δ,
ppm): 3.78 (s, 3H, -OCH3), 6.99 (d, 2H, J = 8.4 Hz),
7.26-7.28 (m, 1H), 7.80 (d, 2H, J = 8.4 Hz), 7.847.85 (m, 1H), 7.91ó7.93 (m, 1H), 8.57 (s, 1H, imidazole). MS (ESI) m/z: 314.1 (M + H).
3-[2-(Thiophen-2-yl)imidazo[2,1-b][1,3,4]thiadiazol-6-yl]-2H-chromen-2-one (5g)
Obtained according to the general procedure
for the synthesis of 2-thiophen-2-yl-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3059, 2967-

Scheme 1. Synthesis of title compounds 5a-i

Scheme 2. Synthesis of title compounds 7a-i
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Table 1. Physicochemical properties.

f

Comp.
no.

Molecular
formula

Color

Molecular
weight

Yield
%

M.p. (OC)

Rf
value*

5a

C14H9N3S2

Pale yellow

283.37

59

110-113

0.53

5b

C14H8BrN3S2

Pale yellow

362.27

60

110-115

0.62

5c

C14H8ClN3S2

Green

317.82

65

160-165

0.54

5d

C14H8N4O2S2

Yellow

328.37

66

109-112

0.55

5e

C15H11N3S2

Yellow

297.40

58

135-138

0.62

5f

C15H11N3OS2

Pale yellow

313.40

50

125-128

0.61

5g

C17H9N3O2S2

Brown

351.40

49

> 300

0.54

5h

C14H10N4S2

Brown

298.39

55

120-124

0.61

5i

C14H8FN3S2

Pale green

301.36

62

160-164

0.53

7a

C15H11N3S2

Brown

297.04

64

120-122

0.56

7b

C15H10BrN3S2

Pale brown

376.29

68

170-173

0.64

7c

C15H10ClN3S2

Pale yellow

331.84

60

101-104

0.52

7d

C15H10N4O2S2

Pale yellow

342.40

50

135-138

0.53

7e

C16H13N3S2

Blackish green

311.42

50

153-157

0.54

7f

C16H13N3OS2

Blackish green

327.42

48

110-112

0.61

7g

C18H11N3O2S2

Brown

365.43

52

176-179

0.62

7h

C15H12N4S2

Brown

312.41

58

163-166

0.61

7i

C15H10FN3S2

Pale brown

315.39

48

130-132

0.55

*Mobile phase: toluene : ethyl acetate

2826, 1713, 1606, 1471. 1H NMR (400 MHz,
DMSO-d6, δ, ppm): 7.28-7.30 (1H, m, arom.), 7.40
(1H, t, J = 16 Hz), 7.48 (1H, d, J = 8 Hz), 7.60-7.64
(1H, m, arom.), 7.88-7.90 (2H, m, arom.), 7.95-7.97
(1H, m, ar), 8.63 (1H, s, ar), 8.70 (1H, s, arom.). MS
(ESI) m/z: 352.8 (M + H).
4-[2-(Thiophen-2-yl)imidazo[2,1-b][1,3,4]thiadiazol-6-yl]aniline (5h)
Obtained according to the general procedure
for the synthesis of 2-thiophen-2-yl-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3469, 3371,
3065, 2930, 1610, 1509, 1310, 1258. MS (ESI) m/z:
299.5 (M + H).
6-(4-Fluorophenyl)-2-(thiophen-2-yl)imidazo[2,1b][1,3,4]thiadiazole (5i)
Obtained according to the general procedure
for the synthesis of 2-thiophen-2-yl-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3113, 3072,
2925, 2881, 1599, 1544, 1491, 1426, 1340, 1225. 1H
NMR (400 MHz, DMSO-d6, δ, ppm): 7.25-7.28 (m,
3H), 7.85-7.94 (m, 4H), 8.69 (s, 1H, imidazole). MS
(ESI) m/z: 302.1 (M + H).
Synthesis of 5-(thiophen-2-ylmethyl)-1,3,4-thiadiazol-2-amine (6)

The mixture of thiophen-2-yl-acetic acid [2]
(0.1 M) and thiosemicarbazide [3] (0.15 M) was
added slowly to the round bottom flask containing
concentrated H2SO4 (30 mL) with constant stirring in
an ice bath. After the reaction was completed, the ice
bath was replaced by a water bath and slowly heated
to 70-80OC and maintained at that temperature for 7
h. After cooling to room temperature, the contents of
the reaction mixture were poured into an ice water
and made basic with ammonia, and the precipitate
was filtered, washed with water and recrystallized
from ethanol. Yield 40%. M.p. 183-187OC, IR (KBr,
cm-1): 3290, 3102, 2967, 2778, 1641, 1523, 1489,
1338, 1254, 1052. 1H NMR (400 MHz, DMSO-d6, δ,
ppm): 4.36 (s, 2H, -CH2-), 6.97-6.94 (m, 2H), 7.06 (s,
br, NH2), 7.41-7.39 (m, 1H, ar),
General procedure for the synthesis of the 6-aryl2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]
thiadiazoles (7a-i)
The 5-(thiophen-2-ylmethyl)-1,3,4-thiadiazol2-amine 2, (30 mmol) was treated with the respective phenacyl bromide 3 (30 mmol), in ethanol (150
mL). The mixture was refluxed for 12 h. Excess of
solvent was removed under reduced pressure and the
solid hydrobromide was separated by filtration,
washed with cold ethanol and dried. Neutralization
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of hydrobromide salts with cold aqueous solution of
sodium carbonate yielded the corresponding free
base which was filtered with good yield.
6-Phenyl-2-(thiophen-2-ylmethyl)imidazo[2,1b][1,3,4]thiadiazole (7a)
Obtained according to the general procedure
for the synthesis of 6-aryl-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1):
3115, 3053, 2943, 1603, 1527, 1473, 1257. 1H NMR
(400 MHz, DMSO-d6, δ, ppm): 4.70 (s, 2H, -CH2-),
7.02-7.04 (m, 1H), 7.13-7.15 (m, 1H), 7.24-7.28 (m,
1H), 7.39 (t, 2H, J = 16 Hz), 7.49-7.50 (m, 1H),
7.82-7.85 (m, 2H), 8.64 (s, 1H, imidazole). MS
(ESI) m/z: 298.0 (M + H).
6-(4-Bromophenyl)-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazole (7b)
Obtained according to the general procedure
for the synthesis of 6-aryl-2-(thiophen-2ylmethyl)imidazo[2,1-b][1,3,4]thiadiazoles. IR
(KBr, cm-1): 3141, 3073, 2933, 1526, 1475, 1399,

1285. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 4.70
(s, 2H, -CH2-), 7.02-7.04 (m, 1H), 7.13-7.14 (m,
1H), 7.49-7.50 (m, 1H), 7.59 (d, 2H, J = 8.4 Hz),
7.80 (d, 2H, J = 8.4 Hz), 8.70 (s, 1H, imidazole).
6-(4-Chlorophenyl)-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazole (7c)
Obtained according to the general procedure
for the synthesis of 6-aryl-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1):
3136, 3071, 2920, 1590, 1528, 1471, 1284, 1254. 1H
NMR (400 MHz, DMSO-d6, δ, ppm): 4.70 (s, 2H,
-CH2-), 7.02-7.04 (m, 1H), 7.13-7.14 (m, 1H), 7.46
(d, 2H, J = 8.4 Hz), 7.49-7.50 (m, 1H), 7.87 (d, 2H,
J = 8.4 Hz), 8.69 (s, 1H, imidazole). MS (ESI) m/z:
332.0 (M).
6-(4-Nitrophenyl)-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazole (7d)
Obtained according to the general procedure
for the synthesis of 6-aryl-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1):

Table 2. Inhibitory effects of compounds on the proliferation of murine leukemia cells (L1210), human T-lymphocyte cells (CEM) and human cervix carcinoma cells (HeLa).

IC50* (µM)
Compound

L1210

CEM

HeLa

5a
5b

94 ± 0

94 ± 20

108 ± 0

82 ± 4

136 ± 19

63 ± 15

5c

68 ± 4

87 ± 0

52 ± 3

5d

136 ± 1

120 ± 4

131 ± 1

5e

152 ±40

> 250

157 ± 23

5f

118 ± 71

146 ± 71

102 ± 4

5g

112 ± 18

114 ± 18

77 ± 6

5h

129 ± 91

> 250

> 250

5i

130 ± 33

> 250

122 ± 14

7a

120 ± 24

≥ 250

49 ± 18

7b

> 250

> 250

> 250

7c

> 250

222 ± 40

≥ 250

7d

118 ± 3

101 ± 14

118 ± 3

7e

> 250

> 250

> 250

7f

> 250

> 250

> 250

7g

23 ± 1

24 ± 4

87 ± 6

7h

128 ± 71

> 250

> 250

7i

> 250

> 250

> 250

Levamisole

206 ± 6

> 250

≥ 250

Melphalan

2.13 ± 0.02

1.4 ± 0.4

NT

*50% inhibitory concentration. NT = Not tested.
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3131, 2933, 1600, 1504, 1467, 1405, 1340, 1260. 1H
NMR (400 MHz, DMSO-d6, δ, ppm): 4.72 (s, 2H,
-CH2-), 7.03-7.05 (m, 1H), 7.14-7.15 (m, 1H), 7.497.51 (m, 1H), 8.11 (d, 2H, J = 8.8 Hz), 8.27 (d, 2H,
J = 8.8 Hz), 8.94 (s, 1H, imidazole). MS (ESI) m/z:
343.1 (M + H).

3071, 3029, 2903, 1550, 1524, 1470, 1346, 1296,
1256. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 2.30
(s, 3H, -CH3), 4.69 (s, 2H, -CH2-), 7.02-7.04 (m, 1H),
7.13-7.14 (m, 1H), 7.19 (d, 2H, J = 8.4 Hz), 7.497.50 (m, 1H), 7.74 (d, 2H, J = 8.4 Hz), 8.57 (s, 1H,
imidazole). MS (ESI) m/z: 312.1 (M + H).

6-(4-Methylphenyl)-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazole (7e)
Obtained according to the general procedure for
the synthesis of 6-aryl-2-(thiophen-2-ylmethyl)-imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3133,

6-(4-Methoxyphenyl)-2-(thiophen-2-ylmethyl)
imidazo[2,1-b][1,3,4]thiadiazole (7f)
Obtained according to the general procedure
for the synthesis of 6-aryl-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1):

Table 3. Anti-influenza virus activity and cytotoxicity in MDCK cell cultures.

Cytotoxicity
Compound

Conc.
unit

CC50a

Minimum
cytotoxic
concentrationb

Antiviral EC50c
Influenza A
H1N1 subtype

Influenza A
H3N2 subtype

Influenza B

visual
CPE
score

MTS

visual
CPE
score

MTS

visual
CPE
score

MTS

5a

µM

>100

>100

>100

>100

>100

>100

>100

>100

5b

µM

>100

>100

>100

>100

>100

>100

>100

>100

5c

µM

>100

>100

>100

>100

>100

>100

>100

>100

5d

µM

>100

>100

>100

>100

>100

>100

>100

>100

5e

µM

>100

>100

>100

>100

>100

>100

>100

>100

5f

µM

>100

>100

>100

>100

>100

>100

>100

>100

5g

µM

>100

>100

>100

>100

>100

>100

>100

>100

5h

µM

>100

>100

100

>100

45

23.2

100

90.8

5i

µM

>100

>100

>100

>100

>100

>100

>100

>100

7a

µM

>100

>100

>100

>100

>100

>100

>100

>100

7b

µM

>100

>100

>100

>100

>100

>100

>100

>100

7c

µM

>100

>100

>100

>100

>100

>100

>100

>100

7d

µM

>100

>100

>100

>100

>100

>100

>100

>100

7e

µM

>100

>100

>100

>100

>100

>100

>100

>100

7f

µM

>100

>100

>100

>100

>100

>100

>100

>100

7g

µM

41.7

20

>4

>4

>4

>4

>4

>4

7h

µM

>100

>100

20

57.2

58

16.2

100

56.5

7i

µM

>100

>100

>100

>100

>100

>100

>100

>100

Levamisole

µM

>100

>100

>100

>100

>100

>100

>100

>100

Oseltamivir
carboxylate

µM

>100

>100

4

1.4

2

0.8

0.7

0.5

Ribavirin

µM

>100

>100

9

5.9

9

4.2

9

7.3

Amantadine

µM

>200

>200

40

45.0

8

10.8

>200

>200

Rimantadine

µM

>200

>200

90

60.5

1

1.1

>200

>200

50% Cytotoxic concentration, as determined by measuring the cell viability with the colorimetric formazan-based MTS assay. Minimum
compound concentration that causes a microscopically detectable alteration of normal cell morphology. c50% Effective concentration, or
concentration producing 50% inhibition of virus-induced cytopathic effect, as determined by visual scoring of the CPE, or by measuring
the cell viability with the colorimetric formazan-based MTS assay. MDCK cells: Madin Darby canine kidney cells.

a

b
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Table 4. Cytotoxicity and antiviral activity of compounds in HEL cell cultures.

Compound

Minimum
cytotoxic
concentrationa (µM)

EC50b (µM)
Herpes
simplex
virus-1 (KOS)

Herpes
simplex
virus-2 (G)

Vaccinia
virus

Vesicular
stomatitis
virus

Herpes simplex
virus-1
TK- KOS ACVr

5a

100

>20

>20

>20

>20

>20

5b

100

>20

>20

>20

>20

>20

5c

>100

>100

>100

>100

>100

>100

5d

>100

>100

>100

>100

>100

>100

5e

>100

>100

>100

>100

>100

>100

5f

≥100

>100

>100

>100

>100

>100

5g

>100

>100

>100

>100

>100

>100

5h

>100

>100

>100

>100

>100

>100

5i

100

>20

>20

>20

>20

>20

7a

100

>20

>20

>20

>20

>20

7b

≥100

>100

>100

>100

>100

>100

7c

>100

>100

>100

>100

>100

>100

7d

>100

>100

>100

>100

>100

>100

7e

>100

>100

>100

>100

>100

>100

7f

>100

>100

>100

>100

>100

>100

7g

100

>20

>20

>20

>20

>20

7h

>100

>100

>100

>100

>100

>100

7i

>100

>100

>100

>100

>100

>100

Levamisole

>100

>100

>100

>100

>100

>100

Brivudin

>250

0.03

250

10

>250

250

Cidofovir

>250

5

2

50

>250

10

Acyclovir

>250

0.4

0.08

>250

>250

10

Ganciclovir

>100

0.08

0.03

>100

>100

4

Required to cause a microscopically detectable alteration of normal cell morphology. Required to reduce virus-induced cytopathogenicity by 50%.
a

3135, 2994, 2964, 2933, 1606, 1539, 1514, 1400,
1248. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 3.77
(s, 3H, -OCH3), 4.68 (s, 2H, -CH2-), 6.97 (d, 2H, J
= 8.8 Hz), 7.02-7.04 (m, 1H), 7.13-7.14 (m, 1H),
7.48-7.50 (m, 1H), 7.77 (d, 2H, J = 8.8 Hz), 8.51 (s,
1H, imidazole). MS (ESI) m/z: 328.1 (M + H).
3-[2-(Thiophen-2-ylmethyl)imidazo[2,1-b][1,
3,4]thiadiazol-6-yl]-2H-chromen-2-one (7g)
Obtained according to the general procedure
for the synthesis of 6-aryl-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1):
3034, 2969-2912, 1716, 1605, 1480. 1H NMR (400
MHz, DMSO-d6, δ, ppm): 4.73 (2H, s, -CH2-), 7.037.05 (1H, m, ar), 7.15-7.16 (1H, m, arom.), 7.38
(1H, t, J = 16 Hz), 7.47-7.45 (1H, m, arom.), 7.527.50 (1H, m, arom.), 7.66-7.59 (1H, m, arom.), 7.93-

b

7.86 (1H, m, arom.), 8.58 (1H, s, arom.), 8.67 (1H,
s, arom.). MS (ESI) m/z: 366.5 (M + H).
4-[2-(Thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]
thiadiazol-6-yl]aniline (7h)
Obtained according to the general procedure
for the synthesis of 6-aryl-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1):
3473, 3292, 3109, 2970, 1640, 1606, 1521, 1479,
1328. MS (ESI) m/z: 313.5 (M + H).
6-(4-Fluorophenyl)-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazole (7i)
Obtained according to the general procedure
for the synthesis of 6-aryl-2-(thiophen-2-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1):
3130, 3078, 2950, 1601, 1565, 1473, 1259. 1H NMR

944

ARPIT KATIYAR et al.

(400 MHz, DMSO-d6, δ, ppm): 4.71 (s, 2H, -CH2-),
7.05-7.09 (m, 1H), 7.13-7.18 (m, 1H), 7.49-7.55 (m,
3H), 7.91 (d, 2H, J = 8.4 Hz), 8.72 (s, 1H, imidazole). MS (ESI) m/z: 316.4 (M + H).

the incubation period, the cells were counted in a
Coulter counter. The IC50 (50% inhibitory concentration) was defined as the concentration of the compound that inhibited cell proliferation by 50%.

Cytotoxicity in human and murine tumor cell
lines
All the compounds in Scheme 1 and 2 were
evaluated for their cytostatic activity against human
HeLa cervix carcinoma cells, human CEM CD4+ Tlymphocytes as well as murine L1210 cells (5). All
assays were performed in 96-well microtiter plates.
To each well were added (5 - 7.5) ◊ 104 tumor cells
and a given amount of the test compound. The cells
were allowed to proliferate for 48 h (murine leukemia
L1210 cells) or 72 h (human lymphocytic CEM and
human cervix carcinoma HeLa cells) at 37OC in a
humidified CO2-controlled atmosphere. At the end of

Antiviral assays
Antiviral activity
The synthesized compounds were evaluated for
antiviral activity (6, 7) by using the following viruses: human cytomegalovirus (HCMV) strains AD-169
and Davis, herpes simplex virus type 1 (HSV-1)
strain KOS, thymidine kinase deficient (TK-), HSV1 KOS strain resistant to ACV (ACVr), herpes simplex virus type 2 (HSV-2) strain G, vaccinia virus,
vesicular stomatitis virus (VSV), varicella-zoster
virus (VZV) strain Oka, TK- VZV strain 07-1, respiratory syncytial virus (RSV) strain Long, VSV,
Coxsackie B4, parainfluenza 3, Reovirus-1, Sindbis,

Table 5. Cytotoxicity and antiviral activity of compounds in HeLa cell cultures.

EC50b (µM)
Compound

Minimum
cytotoxic
concentrationa (µM)

Vesicular
stomatitis
virus (VSV)

Coxsackie
virus B4

Respiratory
syncytial
virus (RSV)

5a

≥20

>20

>20

>20

5b

≥100

>100

>100

>100

5c

≥100

>100

>100

>100

5d

>100

>100

>100

>100

5e

>100

>100

>100

>100

5f

100

>20

>20

>20

5g

>100

>100

>100

>100

5h

>100

>100

>100

>100

5i

>100

>100

>100

>100

7a

100

>20

>20

>20

7b

>100

>100

>100

>100

7c

>100

>100

>100

>100

7d

>100

>100

>100

>100

7e

100

>20

>20

>20

7f

100

>20

>20

>20

7g

100

>20

>20

>20

7h

>100

>100

>100

>100

7i

100

>20

>20

>20

Levamisole

>100

>100

>100

>100

DS-5000 (µg/mL)

>100

>100

>100

20

(S)-DHPA

>250

>250

>250

>250

Ribavirin

>250

50

250

10

aRequired to cause a microscopically detectable alteration of normal cell morphology.
genicity by 50%.

Required to reduce virus-induced cytopatho-

b
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Table 6. Cytotoxicity and antiviral activity of compounds in Vero cell cultures.

Compound

Minimum
cytotoxic
concentrationa (µM)

EC50b (µM)
Para-influenza-3
virus

Reovirus-1

Sindbis
virus

Coxsackie
virus B4

Punta Toro
virus

5a

100

>20

>20

>20

>20

>20

5b

100

>20

>20

>20

>20

>20

5c

>100

>100

>100

>100

>100

>100

5d

>100

>100

>100

>100

>100

>100

5e

>100

>100

>100

>100

>100

>100

5f

100

>20

>20

>20

>20

>20

5g

>100

>100

>100

>100

>100

>100

5h

>100

>100

>100

>100

>100

>100

5i

>100

>100

>100

>100

>100

>100

7a

100

>20

>20

>20

>20

>20

7b

100

>20

>20

>20

>20

>20

7c

100

>20

>20

>20

>20

>20

7d

>100

>100

>100

>100

>100

>100

7e

100

>20

>20

>20

>20

>20

7f

100

>20

>20

>20

>20

>20

7g

≥100

>100

>100

>100

>100

>100

7h

>100

>100

>100

>100

>100

>100

7i

100

>20

>20

>20

>20

>20

Levamisole

>100

>100

>100

>100

>100

>100

DS-5000 (µg/mL)

>100

>100

>100

>100

>100

>100

(S)-DHPA

>250

>250

>250

>250

>250

>250

Ribavirin

>250

50

>250

>250

>250

112

a
Required to cause a microscopically detectable alteration of normal cell morphology. bRequired to reduce virus-induced cytopathogenicity by 50 %.

Punta Toro, feline coronavirus (FIPV: feline infectious peritonitis virus), influenza A virus subtypes
H1N1 and H3N2, and influenza B virus. Antiviral
assays were carried out in CrandellñRees feline kidney cells (feline corona virus and feline herpes
virus), HeLa cell cultures (vesicular stomatitis virus,
Coxsackie virus B4, and RSV), human embryonic
lung (HEL) cell cultures (HSV-1 (KOS), HSV-2 (G),
vaccinia virus, vesicular stomatitis virus and HSV-1
TK- KOS ACVr), Madin Darby canine kidney
(MDCK) cells (influenza A, H1N1 subtype, influenza A, H3N2 subtype, and influenza B) and Vero cell
cultures (parainfluenza-3 virus, reovirus-1, Sindbis
virus, Coxsackie virus B4, and Punta Toro virus).
The HEL, Vero, and HeLa cell lines used in this
study were monitored for mycoplasma contamination and were found to be mycoplasma-free.

Screening for inhibition of virus-induced cytopathic effect in vitro
Confluent cell cultures in microtiter 96-well
plates were inoculated with 100 CCID50 of virus (1
CCID50 being the virus dose to infect 50% of the
cell cultures) or with 20 plaque forming units
(PFU) (for VZV) and the cell cultures were incubated in the presence of varying concentrations of
the test compounds. Viral cytopathicity or plaque
formation (VZV) was recorded as soon as it
reached completion in the control virus-infected
cell cultures that were not treated with the test
compounds. Antiviral activity was expressed as the
EC50 or compound concentration required to reduce
virus-induced cytopathicity or viral plaque formation by 50%.
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Cytotoxicity assays
Cytostatic activity was based on the inhibition
of HEL cell growth. HEL cells were seeded at 5 ◊
103 cells/well into 96-well microtiter plates and
allowed to proliferate for 24 h. Then, medium containing different concentrations of the test compounds was added. After 3 days of incubation at
37OC, the cell number was determined with a
Coulter counter. The cytostatic concentration was
calculated as CC50 (the compound concentration
required to reduce cell growth by 50% relative to the
number of cells in the untreated controls). CC50 values were estimated from graphic plots of the number
of cells (percentage of control) as a function of the
concentration of the test compounds. Cytotoxicity
was expressed as minimum cytotoxic concentration
(MCC) or the compound concentration that causes a
microscopically detectable alteration of cell morphology.
Anti-influenza virus activity
The synthesized compounds were evaluated for
their antiviral activity against three influenza virus
subtypes [A/Puerto Rico/8/34 (H1N1); A/Hong
Kong/7/87 (H3N2), and B/Hong Kong/5/72].
Antiviral activity was estimated from the inhibitory
effect on virus-induced cytopathic effect, as determined by microscopical examination and/or the formazan-based MTS cell viability test. The EC50 (50%
effective concentration), or concentration producing
50% inhibition of virus-induced cytopathic effect,
was determined by visual scoring of the CPE, or by
measuring the cell viability with the colorimetric formazan-based MTS assay. Cytotoxicity of the test
compounds was expressed as the compound concentration causing minimal changes in cell morphology
(MCC), or the concentration causing 50% cytotoxicity (CC50), as determined by the MTS assay.
RESULTS AND DISCUSSION
Chemistry
Eighteen derivatives were prepared according
to the strategy outlined in Schemes 1 and 2 and Table
1. The required α-bromoketones were used in the
first step; they were prepared according to the literature by using bromine in acetic acid. Derivatives 2,6substituted imidazo[2,1-b][1,3,4] thiadiazoles (5a-i
and 7a-i) were prepared by condensing 2-amino1,3,4-thiadiazole (1 and 2) with α-bromoketones (3)
in anhydrous ethanol in good yields.
All the synthesized compounds exhibited
absorption bands ranging from 3059 to 3021 cm-1 for
C-H aromatic stretching and 2954-2714 cm-1 for C-H

aliphatic stretching. 1H NMR for imidazole proton
(C5-H) confirms the cyclization of 2-amino-5-substituted-1,3,4-thiadiazole 1 or 2 with respective
phenacyl bromide 3 by the presence of singlet
between δ 8.99 and 8.51 ppm. Aromatic protons
showed prominent signals around δ 8.30-6.97 ppm.
Bridge-headed methylene proton at C2 appeared
between δ 4.72 to 4.68 ppm. The presence of OCH3
proton in compounds 5f and 7f behaved as singlet
between δ 3.78 and 3.77 ppm, respectively. Methyl
proton in 5e and 7e appeared as singlet between δ
2.32 and 2.30 ppm, respectively. The structures of
compounds were finally ascertained by mass spectra.
Bioevaluations
Cytostatic activity
The compounds were evaluated for their cytostatic activity against human HeLa cervical carcinoma and CEM T-lymphocytes as well as murine
L1210 leukemia cells. The data are summarized in
Table 2.
Compounds 5b, 5c, and 7g exhibited IC50 values in the low micromolar range against both HeLa
cervical carcinoma and leukemia L1210 cell lines.
Compounds 5g and 7a were cytostatic only against
cervical carcinoma HeLa cells. The human T-lymphocyte CEM cell line was the least sensitive cell
line towards most of the tested compounds except
for 7g, which showed moderate cytostatic activity at
24 µM concentration.
There was, in general, a strong correlation
between the three tumor cell lines regarding the
cytostatic activities of the compounds. The moderate inhibitors of cervix carcinoma HeLa were also
moderately inhibitory to murine L1210 cell proliferation.
Anti-influenza virus activity
The anti-influenza virus activities of a series of
imidazo[2,1-b][1,3,4]thiadiazole derivatives were
determined by measuring their inhibitory effects on
virus replication in MDCK cells using three strains
of the influenza subtype. The antiviral data obtained
by microscopic evaluation of the virus-induced CPE
were confirmed by the MTS cell viability assay and
were expressed as the EC50. The cytotoxicity of the
compounds were expressed as the MCC (the compound concentration causing minimal alterations in
cell morphology as estimated by microscopy) or the
CC50 (the compound concentration causing 50%
reduction in cell viability based on the MTS assay).
Compounds 5h and 7h showed some activity against
the cytopathic effects of three influenza virus subtypes i.e., H1N1, H3N2, and influenza B (Table 3).
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Antiviral activity
The selected compounds were evaluated
against various strains of DNA viruses HSV type 1
(HSV-1) and type 2 (HSV-2), vaccinia virus, and
acyclovir-resistant (ACVr) HSV (Table 4).
The test compounds were also evaluated
against several RNA viruses (i.e., VSV, Coxsackie
B4 virus, RSV, parainfluenza virus type 3, reovirus1, Sindbis virus and Punta Toro virus (Tables 5 and
6). The EC50 was calculated as the effective concentration of compound that decreased the percentage
of formazan production in compound treated, virusinfected cells to 50% of that produced by compound-free uninfected cells. The 50% cytostatic
concentration (CC50) was calculated as the concentration required to reduce cell growth by 50%. MCC
is the minimum cytotoxic concentration that causes
a microscopically detectable alteration of cell morphology. The HEL, Vero, and HeLa cell lines used
in this study were regularly monitored for
mycoplasma contamination and found to be
mycoplasma-free. The antiviral activity was measured for eighteen derivatives of imidazo[2,1b][1,3,4]thiadiazole using a cell-protection assay.
The data are recorded in Tables 4-6.
No specific antiviral effects were noted for
most of the compounds at concentrations close to
their toxicity levels against HSV-1 (strain KOS),
HSV-2 (strain G), HSV-1 (ACV resistant KOS
strain), vaccinia virus, vesicular stomatitis virus,
Coxsackie virus B4, respiratory syncytial virus,
parainfluenza-3 virus, reovirus-1, Sindbis virus, and
Punta Toro virus.
CONCLUSON
In this paper, we report synthesis of 18 derivatives of 2-heteroaryl-6-aryl-imidazo[2,1-b][1,3,4]
thiadiazole. All compounds were evaluated for cytostatic activity against human cervix carcinoma HeLa
and CEM T-lymphocytes and murine L1210
leukemia cells. The compounds 5b and 5c had IC50
values in the range of 52-136 µM. Only derivative
7g displayed moderate cytostatic activity against
both murine leukemia L1210 and T-lymphocytic
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CEM cells between 23-24 µM. Among the tested
compounds, 5h and 7h showed some activity
against the cytopathic effects of three influenza
virus subtypes, namely Influenza A, H1N1, H3N2
and Influenza B.
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Abstract: A series of 2-(4-methylbenzyl)-5,6-substituted-imidazo[2,1-b][1,3,4]thiadiazole derivatives were
synthesized, characterized and evaluated for antiproliferative activity and cancer chemopreventive activity.
Results showed that molecules with formyl and thiocyanate substituents at the 5 position exhibited an increase
in activity against the full panel of 60 human tumor cell lines at a minimum of five concentrations at 10-fold
dilutions. Derivative 22 displayed significant in vitro anticancer activity against colon cancer (MID GI50 = 0.75
µM). The cancer chemopreventive effect of 19 (IC50 = 489 nM) was almost equipotent to standard oleanolic
acid (IC50 = 449 nM).
Keywords: synthesis, imidazo[2,1-b][1,3,4]thiadiazole, antiproliferative, in vivo two-stage mouse-skin carcinogenesis test, cancer chemopreventive agents

An ongoing project of interest in our laboratories are imidazo[2,1-b][1,3,4]thiadiazoles [I],
which display anticancer activities and they act by
inducing apoptosis without arresting the cell cycle
(1-3). Levamisole [II] acts by stimulating the
responsiveness of lymphocytes to tumor antigen
and is most effective in patients with small tumor
burden (4). In addition, levamisole derivatives
such as imidazo[2,1-b]thiazoles [III] have been
reported as anticancer agents (5) (Fig. 1). Review
of the literature revealed that the imidazo[2,1b][1,3,4]thiadiazole scaffold possesses diverse
pharmacological properties such as antisecretory
(6), anti-inflammatory (7, 8), cardiotonic (9),
diuretic (10), antitubercular (11, 12), antibacterial
(13-17), antifungal (18, 19), anticonvulsant, analgesic (20), anticancer (21) and herbicidal activities (22, 23).
The objectives of the present investigations
were to develop analogs of levamisole [II] as possible biologically active agents [IV].

EXPERIMENTAL
Chemistry
The melting points are uncorrected. Silica gel
plates were used for TLC by using mobile phases
CHCl3/MeOH in various proportions. The IR spectra were recorded in KBr discs on a Jasco 430+
apparatus; the 1H NMR spectra were recorded on a
Bruker (400 MHz), and J values are reported in
hertz (Hz). Mass spectra were recorded in triple
quadrapole LCMS-6410 from Agilent Technologies. Required substituted phenacyl bromides and
3-(bromoacetyl)-2H-chromen-2-one were prepared
according to literature (1-3). Compounds 4, 18, 19,
23 and 24 were prepared according to the literature
(3).
General procedure for the synthesis of imidazo[2,1-b][1,3,4]thiadiazoles (4-12)
The 2-amino-5-aralkyl-1,3,4-thiadiazole 1, or
2 (30 mmol) was treated with the respective

* Corresponding author: e-mail: subhasskarki@gmail.com
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phenacyl bromide 3 (30 mmol), in ethanol (150
mL). The mixture was refluxed for 12 h. Excess of
solvent was removed under reduced pressure and the
solid hydrobromide was separated by filtration,
washed with cold ethanol and dried. Neutralization
of hydrobromide salts with cold aqueous solution of
sodium carbonate yielded the corresponding free
base which was filtered with good yield.
6-(4-Chlorophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole (5)
Obtained according to the general procedure
for the synthesis of imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3026 (C-H), 2909-2737 (CH), 1525 (>C=C), 1470 (C=N); 1H-NMR (400 MHz,
DMSO-d6, δ, ppm): 8.66 (1H, s), 7.86 (2H, d, J = 8
Hz), 7.44 (2H, d, J = 8 Hz), 7.28 (2H, d, J = 8 Hz),
7.18 (2H, d, J = 8 Hz), 4.37 (2H, s, -CH2-), 2.28 (3H,
s, CH3). MS (ESI) m/z: 340.1 (339.8).
6-(4-Bromophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole (6)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3029 (C-H), 2924-2875 (CH), 1609 (>C=C), 1505 (C=N). 1H-NMR (400 MHz,
DMSO-d6, δ, ppm): 7.80 (2H, d, J = 8 Hz), 7.58 (2H,
d, J = 8 Hz), 7.28 (2H, d, J = 8 Hz), 7.19 (2H, d, J =
8 Hz), 4.37 (2H, s, -CH2-), 2.28 (3H, s, CH3). MS
(ESI) m/z: 386.1 (384.3).

6-(4-Fluorophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole (7)
Obtained according to the general procedure
for the synthesis of imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3025 (C-H), 2909-2733 (CH), 1522 (>C=C), 1478 (C=N). 1H-NMR (400 MHz,
DMSO-d6, δ, ppm): 8.60 (1H, s), 7.88-7.84 (2H, m,
arom.), 7.26 (2H, d, J = 8 Hz), 7.24 (4H, m, arom.),
4.37 (2H, s, -CH2-), 2.29 (3H, s, CH3). MS (ESI)
m/z: 324.0 (323.4).
2-(4-Methylbenzyl)-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole (8)
Obtained according to the general procedure
for the synthesis of imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3029 (C-H), 2922ó2833
(C-H), 1601 (>C=C), 1508 (C=N). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 8.92 (1H, s), 8.27 (2H, d,
J = 8 Hz), 8.10 (2H, d, J = 8 Hz), 7.30 (2H, d, J = 8
Hz), 7.20 (2H, d, J = 8 Hz), 4.40 (2H, s, -CH2-), 2.29
(3H, s, -CH3).
2-(4-Methylbenzyl)-6-(2,4-dichlorophenyl)imidazo[2,1-b][1,3,4]thiadiazole (9)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3022 (C-H), 2954-2851 (CH), 1518 (>C=C), 1482 (C=N). 1H-NMR (400 MHz,
DMSO-d6, δ, ppm): 8.66 (1H, s), 8.09 (1H, d, J = 8
Hz), 7.67 (1H, m, arom.), 7.50-7.48 (1H, m, arom.),

Figure 1. Chemical structures of levamisole and its analogs as cytotoxic and anticancer agents
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7.29 (2H, d, J = 8 Hz), 7.19 (2H, d, J = 8 Hz), 4.40
(2H, s, -CH2-), 2.29 (3H, s, -CH3).
2-(4-Methylbenzyl)-6-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole (10)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3024 (C-H), 2913-2730
(C-H), 1518 (>C=C), 1460 (C=N). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 8.54 (1H, s), 7.73 (2H, d,
J = 8 Hz), 7.28 (2H, d, J = 8 Hz), 7.20-7.17 (4H, dd,
J = 8, 8 Hz), 4.37 (2H, s, -CH2-), 2.30 (3H, s, -CH3),
2.28 (3H, s, -CH3).
6-(4-Methoxyphenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole (11)
Obtained according to the general procedure for
the synthesis of the imidazo[2,1-b][1,3,4]thiadiazoles.
IR (KBr, cm-1): 3011 (C-H), 2936-2732 (C-H), 1604
(>C=C), 1477 (C=N). 1H-NMR (400 MHz, DMSO-d6,
δ, ppm): 8.49 (1H, s), 7.76 (2H, d, J = 8 Hz), 7.28 (2H,
d, J = 8 Hz), 7.19 (2H, d, J = 8 Hz), 6.96 (2H, d, J = 8
Hz), 4.36 (2H, s, -CH2-), 3.76 (3H, s, CH3), 2.29 (3H,
s, CH3). MS (ESI) m/z: 336.2 (335.4).
3-[2-(4-Methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazol-6-yl]-2H-chromen-2-one (12)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3025 (C-H), 2911-2778
(C-H),1711 (>C=O), 1518 (>C=C),1426 (C=N).
General procedure for the preparation of 5-bromoimidazo[2,1-b][1,3,4]thiadiazole derivatives (13-17)
To the respective imidazo[2,1-b][1,3,4]thiadiazole (5 mmol) 2, sodium acetate (10 mmol) and 10
mL of glacial acetic acid stirred together at room
temperature was added dropwise bromine (6 mmol).
After the addition, stirring was continued for 30
min. The mixture was poured into 100 mL of water
from which a solid was separated. The solid was collected by filtration and washed with water, dried and
crystallized from EtOH-CHCl3 with good yield.
5-Bromo-6-(4-chlorophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole (13)
Obtained according to the general procedure
for the synthesis of 5-bromo-imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3030 (C-H), 2870-2771
(C-H),1617 (>C=C), 1443 (C=N). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 7.97 (2H, d, J = 8 Hz),
7.54 (2H, d, J = 8 Hz), 7.30 (2H, d, J = 8 Hz), 7.20
(2H, d, J = 8 Hz), 4.43 (2H, s, -CH2-), 2.29 (3H, s,
-CH3). MS (ESI) m/z: 418.0 (418.0).

915

5-Bromo-6-(4-bromophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole (14)
Obtained according to the general procedure
for the synthesis of the 5-bromo-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3046 (C-H),
2871-2755 (C-H),1518 (>C=C), 1426 (C=N). 1HNMR (400 MHz, DMSO-d6, δ, ppm): 7.90 (2H, d, J
= 8 Hz), 7.68 (2H, d, J = 8 Hz), 7.30 (2H, d, J = 8
Hz), 7.20 (2H, d, J = 8 Hz), 4.43 (2H, s, -CH2-), 2.29
(3H, s, CH3). MS (ESI) m/z: 462.0 (463.2).
5-Bromo-6-(4-fluorophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole (15)
Obtained according to the general procedure
for the synthesis of the 5-bromo-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3034 (C-H),
2922-2726 (C-H), 1597 (>C=C), 1477 (C=N). 1HNMR (400 MHz, DMSO-d6, δ, ppm): 7.98-7.94
(2H, m, arom.), 7.33-7.28 (4H, m, arom.), 7.18 (2H,
d, J = 8 Hz) 4.43 (2H, s, -CH2-), 2.29 (3H, s, CH3).
MS (ESI) m/z: 403.2 (402.3).
5-Bromo-2-(4-methylbenzyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole (16)
Obtained according to the general procedure
for the synthesis of the 5-bromo-imidazo[2,1b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3030 (C-H),
2850-2736 (C-H), 1613 (>C=C), 1448 (C=N). 1HNMR (400 MHz, DMSO-d6, δ, ppm): 7.95 (2H, d, J
= 8 Hz), 7.46 (2H, d, J = 8 Hz), 7.37-7.33 (1H, m,
arom.), 7.30 (2H, d, J = 8 Hz), 7.20 (2H, d, J = 8
Hz), 4.42 (2H, s, -CH2-), 2.29 (3H, s, -CH3). MS
(ESI) m/z: 386.1 (384).
5-Bromo-2-(4-methylbenzyl)-6-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole (17)
Obtained according to the general procedure for
the synthesis of the 5-bromo-imidazo[2,1-b][1,3,4]thiadiazoles. IR (KBr, cm-1): 3026 (C-H), 2921-2729 (C-H),
1515 (>C=C), 1472 (C=N). 1H-NMR (400 MHz,
DMSO-d6, δ, ppm): 8.34 (2H, d, J = 8 Hz), 8.24 (2H, d,
J = 8 Hz), 7.31 (2H, d, J = 8 Hz), 7.20 (2H, d, J = 8 Hz),
4.45 (2H, s, -CH2-), 2.29 (3H, s, -CH3).
General procedure for the preparation of the imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehydes (1822)
The Vilsmeier reagent was prepared at 0-5OC
by dropping POCl3 (2.3 g, 15 mmol) into a stirred
solution of DMF (10 mL). The respective imidazo[2,1-b][1,3,4]thiadiazole 2 (4 mmol) was added
slowly to the Vilsmeier reagent while maintaining
stirring and cooling for 2 h. Further stirring was continued for 6 h at 80-90OC. The resulting reaction
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mixture was poured into 100 mL of water; the precipitate was filtered, pressed, suspended in water
and neutralized to pH 7 with cold aqueous solution
of sodium carbonate. The solid was separated by filtration, washed with water, dried and crystallized
from EtOH with a yield of 45-58%.
2-Benzyl-6-(4-methoxyphenyl)imidazo[2,1-b][1,
3,4]thiadiazole-5-carbaldehyde (19)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b] [1,3,4]thiadiazole-5-carbaldehydes. IR (KBr, cm-1): 3072 (C-H),
2991-2875 (C-H), 1681 (>C=O), 1600 (>C=C),
1481 (C=N). 1H-NMR (400 MHz, DMSO-d6, δ,
ppm): 10.01 (1H, s, -CHO), 7.80 (2H, d, J = 8 Hz),
7.42-7.34 (5H, m, arom.), 7.04 (2H, d, J = 8 Hz),
4.45 (2H, s, -CH2-), 3.88 (3H, s, -CH3). MS (ESI)
m/z: 350.1 (349.41).
6-(4-Chlorophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (20)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehydes. IR (KBr, cm-1): 3040 (C-H),
2858-2714 (C-H) 1668 (>C=O), 1619 (>C=C), 1436
(C=N). 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
9.99 (1H, s, CHO), 8.00 (2H, d, J = 8 Hz), 7.58 (2H,
d, J = 8 Hz), 7.31 (2H, d, J = 8 Hz), 7.20 (2H, d, J =
8 Hz), 4.49 (2H, s, -CH2-), 2.29 (3H, s, CH3). MS
(ESI) m/z: 368.1 (367.9).
6-(4-Fluorophenyl)-2-(4-methylbenzyl)imidazo[2,
1-b][1,3,4]thiadiazole-5-carbaldehyde (21)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehydes. IR (KBr, cm-1): 3035 (C-H),
2900-2736 (C-H), 1669 (>C=O), 1601 (>C=C),
1447 (C=N). 1H-NMR (400 MHz, DMSO-d6, δ,
ppm): 9.97 (1H, s, -CHO), 8.03-8.00 (2H, m, arom.),
7.36-7.32 (2H, m, arom.), 7.29 (2H, d, J = 8 Hz),
7.18 (2H, d, J = 8 Hz), 4.48 (2H, s, -CH2-), 2.29 (3H,
s, CH3). MS (ESI) m/z: 352.4 (351.4).
6-(4-Methoxyphenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (22)
Obtained according to the general procedure for
the synthesis of the imidazo[2,1-b][1,3,4]thiadiazole5-carbaldehydes. IR (KBr, cm-1): 3046 (C-H), 28762740 (C-H), 1678 (>C=O), 1598 (>C=C), 1464
(C=N). 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
9.95 (1H, s, -CHO), 7.92 (2H, d, J = 8 Hz), 7.31 (2H,
d, J = 8 Hz), 7.20 (2H, d, J = 8 Hz), 7.07 (2H, d, J =
8 Hz), 4.47 (2H, s, -CH2-), 3.82 (3H, s, OCH3), 2.29
(3H, s, CH3). MS (ESI) m/z: 364.2 (363.4).

General procedure for the preparation of the imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanates (2331)
To a mixture of imidazo[2,1-b][1,3,4]thiadiazole 2 (10 mmol) and potassium thiocyanate (1.56
g,16 mmol) in glacial acetic acid (50 mL) was added
bromine (1.6 g, 10 mmol) in glacial acetic acid (20
mL) at 0-5OC, dropwise with stirring. Stirring was
continued for 30 min at 15-20OC and then at room
temperature for 1 h. The reaction mixture was
poured into ice water, filtered, washed with water
and crystallized from EtOH-CHCl3 with a yield of
50-57%.
6-(4-Chlorophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanate (25)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanates. IR (KBr, cm-1): 3029 (C-H),
2924-2735 (C-H), 2161 (-C=N), 1598 (>C=C), 1467
(C=N). 1H-NMR (400 MHz, CDCl3, δ, ppm): 7.94
(2H, d, J = 8.8 Hz), 7.50 (2H, d, J = 8.8 Hz), 7.267.20 (4H, m, arom.), 4.38 (2H, s, -CH2-), 2.17 (3H,
s, CH3). MS (ESI) m/z: 395.0 (396.9).
6-(4-Bromophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanate (26)
Obtained according to the general procedure for
the synthesis of the imidazo[2,1-b][1,3,4]thiadiazol5-yl-thiocyanates. IR (KBr, cm-1): 3028 (C-H), 29232735 (C-H), 2159 (-C=N), 1513 (>C=C), 1467
(C=N). 1H-NMR (400 MHz, CDCl3, δ, ppm): 7.92
(2H, d, J = 8 Hz), 7.75 (2H, d, J = 8 Hz), 7.32 (2H, d,
J = 8 Hz), 7.21 (2H, d, J = 8 Hz), 4.51 (2H, s, -CH2), 2.29 (3H, s, CH3). MS (ESI) m/z: 441.0 (441.4).
6-(4-Fluorophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanate (27)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanates. IR (KBr, cm-1): 3058 (C-H),
2919-2821 (C-H), 2162 (-C=N), 1603 (>C=C), 1467
(C=N). 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
8.01-7.97 (2H, m, arom.), 7.40-7.36 (2H, m, arom.),
7.30 (2H, d, J = 8 Hz), 7.19 (2H, d, J = 8 Hz), 4.50
(2H, s, -CH2-), 2.29 (3H, s, CH3). MS (ESI) m/z:
381.0 (380.5).
2-(4-Methylbenzyl)-6-(4-nitrophenyl)imidazo[2,
1-b][1,3,4]thiadiazol-5-yl-thiocyanate (28)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanates. IR (KBr, cm-1): 3050 (C-H),
2854-2737 (C-H), 2124 (-C=N), 1605 (>C=C), 1473
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(C=N). 1H-NMR (400 MHz, CDCl3, δ, ppm): 8.37
(2H, d, J = 8 Hz), 8.21 (2H, d, J = 8 Hz), 7.26-7.19
(4H, m, arom.), 4.38 (2H, s, -CH2-), 2.38 (3H, s,
CH3). MS (ESI) m/z: 406.1 (407.5).
6-(4-Methoxyphenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanate (29)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanates. IR (KBr, cm-1): 3040 (C-H),
2912-2736 (C-H), 2135 (-C=N), 1599 (>C=C), 1423
(C=N). 1H-NMR (400 MHz, CDCl3, δ, ppm): 7.91
(2H, d, J = 8 Hz), 7.32 (2H, d, J = 8 Hz, 7.21 (2H,
d, J = 8 Hz), 7.11 (2H, d, J = 8 Hz), 4.49 (2H, s,
-CH2-), 3.82 (3H, s, -OCH3), 2.30 (3H, s, CH3). MS
(ESI) m/z: 391.1 (392.5).
2-(4-Methylbenzyl)-6-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanate (30)
Obtained according to the general procedure
for the synthesis of the imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanates. IR (KBr, cm-1): 3034 (C-H),
2917-2731 (C-H), 2157 (-C=N), 1515 (>C=C),1467
(C=N). 1H-NMR (400 MHz, CDCl3, δ, ppm): 7.887.82 (2H, m, arom.), 7.31-7.19 (6H, m, arom.), 4.36
(2H, s, -CH2-), 2.42 (3H, s, CH3), 2.37 (3H, s, CH3).
MS (ESI) m/z: 399.1 (M + Na).
2-(4-Methylbenzyl)-6-(2-oxo-2H-chromen-3-yl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl-thiocyanate
(31)
Obtained according to the general procedure for
the synthesis of the imidazo[2,1-b][1,3,4]thiadiazol-5yl-thiocyanates. IR (KBr, cm-1): 3029 (C-H), 29202747 (C-H), 2160 (-C=N),1705 (>C=O),1607 (>C=C),
1470 C=N). 1H-NMR (400 MHz, CDCl3, δ, ppm): 8.23
(1H, s, arom.), 7.62-7.58 (2H, m, arom), 7.42-7.39
(1H, m, arom.), 7.36-7.32 (1H, m, arom.), 7.25-7.20
(4H, m, arom.), 4.39 (2H, s, -CH2-), 2.37 (3H, s, CH3).
Pharmacological screening
NCI 60 DTP human tumor cell line screening anticancer activity
The DTP anticancer drug discovery program is
a two stage process, beginning with the evaluation
of all selected compounds against the 60 cell lines at
a single dose of 10-5 M. Compounds which show significant growth inhibition are evaluated against the
60 cell line panel at five concentration levels.
The tumor growth inhibition properties of the
selected eleven compounds 11, 12, 13, 18, 20, 21,
22, 23, 27, 29 and 31 were screened on human tumor
cell lines at 10-5 M concentration at the NCI, NIH,
Bethesda, Maryland, under the drug discovery pro-
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gram of the NCI. Among the tested compounds, six
compounds namely 11, 12, 20, 22 and 31 were further screened for 5-log dose molar range as they
showed prominent cell growth inhibition at 10-5 M
against variety of cell lines.
Methodology of the in vitro cancer screen
The human cancer cell lines of the cancer
screening panel are grown in RPMI 1640 medium
containing 5% fetal bovine serum at 2 mM L-glutamine. For a typical screening experiment, cells are
inoculated into 96 well microtiter plates in 100 mL
at plate densities ranging from 5000 to 40,000
cells/well depending upon the doubling time of individual cell lines. After cell inoculation, the
microtiter plates were incubated at 37OC, 5% CO2,
95% air and 100% relative humidity for 24 h prior to
addition of experimental drugs.
After 24 h, two plates of each cell lines were
fixed in situ with TCA, to represent a measurement
of the cell population for each cell line at the time of
drug addition (Tz). Experimental drugs were solubilized in dimethyl sulfoxide at 400-fold the desired
final maximum test concentration and stored frozen
prior to use. At the time of drug addition, an aliquot
of frozen concentrate was thawed and diluted to
twice the desired final maximum test concentration
with complete medium containing 50 mg/mL gentamicin. Additional four, 10-fold or 1/2 log serial
dilutions were made to provide a total of five drug
concentrations plus control. Aliquots of 100 mL of
these different drug dilutions were added to the
appropriate microtiter wells already containing 100
mL of medium, resulting in the required final drug
concentration.
Following drug addition, the plates are incubated for an additional 48 h at 37OC, 5% CO2, 95%
air and 100% relative humidity. For adherent cells,
the assay was terminated by the addition of cold
TCA. Cells were fixed in situ by the gentle addition
of 50 mL of cold 50% (w/v) TCA (final concentration, 10% TCA) and incubated for 60 min at 4OC.
The supernatant was discarded and the plates were
washed five times with tap water and air dried.
Sulforhodamine (SRB) solution (100 mL) at 0.4%
(w/v) in 1% acetic acid was added to each well, and
plates were incubated for 10 min at room temperature. After staining, unbound dye was removed by
washing five times with 1% acetic acid and the
plates were air dried. Bound stain was subsequently
solubilized with 10 mM trizma base, and the
absorbance was read on an automated plate reader at
a wavelength of 515 nm. For suspension cells, the
methodology was the same except that the assay was
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terminated by fixing settled cells at the bottom by
the wells by gentle adding 50 mL of 80% TCA (final
concentration 16% TCA). Using the seven
absorbance measurements [time zero, (Tz), control
growth, (C) and the test growth in the presence of
drug at five concentration levels (Ti)], the percentage growth was calculated at each of the drug concentrations levels. Percentage growth inhibition is
calculated as:
[(Ti - Tz)/ (C - Tz)] ◊ 100 for concentrations
for which Ti ≥ Tz
[(Ti ñ Tz)/Tz] ◊ 100 for concentrations for which
Ti < Tz
Three dose response parameters were calculated for each experimental agent. Growth inhibition of
50% (GI50) is calculated from [(Ti - Tz)/(C - Tz)] ◊
100 = 50, which is the drug concentration resulting
in a 50% reduction in the net protein increase (as
measured by SRB staining) in control cells during
the drug incubation.
The drug concentration resulting in total
growth inhibition (TGI) is calculated from Ti = Tz.
The LC50 concentration of the drug resulting in 50%
reduction in the measured protein at the end of the
drug treatment as compared from [(Ti - Tz)/Tz] ◊
100 = -50. Values are calculated for each of these
parameters if the level of activity is reached; however, if the effect is not reached or is exceeded, the
value for that parameter is expressed as greater or
less than the maximum or minimum concentration
tested (24-26).
Primary single high dose (10-5 M) full NCI 60 cell
panel in vitro assay
All the selected compounds were submitted to
the National Cancer Institute (NCI) for in vitro anticancer assay. They were evaluated for their anticancer activity primarily in an in vitro one dose anticancer assay in full NCI 60 cell panel representing
leukemia, melanoma, lung, colon, brain, breast,
ovary, kidney and prostate cancers in accordance
with the protocol of the NCI. The compounds were
added at a single concentration (10-5 M) and the culture was incubated for 48 h. End point determinations were made with a protein binding dye, sulforhodamine B. Results for each compound were
reported as a mean graph of the percent growth of
the treated cells when compared to the untreated
control cells. After the results were obtained for one
dose assay, analysis of historical Development
Therapeutics Programm (DTP) was performed and
compounds 11, 12, 20, 22, 29 and 31 which satisfied
pre-determined threshold inhibition criteria and
were selected for NCI full panel 5 dose assays.

Cancer chemoprevention activity-cells
EBV genome-carrying lymphoblastoid cells
(Raji cells derived from Burkittís lymphoma) were
cultured in 10% fetal bovine serum (FBS) in RPMI1640 under the conditions described previously
(27). Spontaneous activation of EBV-EA in our subline of Raji cells was less than 0.1%.
Inhibition of EBV-EA activation assay
EBV-EA-positive serum from a patient with
nasopharyngeal carcinoma (NPC) was a gift from
the Department of Biochemistry, Oita Medicinal
University. The EBV genome-carrying lymphoblastoid cells (Raji cells derived from Burkittís lymphoma) were cultured in 10% fetal bovine serum
(FBS) in RPMI-1640 medium (Nissui). Spontaneous activation of EBV-EA in our sub-line Raji
cells was less than 0.1%. The inhibition of EBV-EA
activation was assayed using Raji cells (virus nonproducer type) as described previously (28). The
indicator cells (Raji cells, 1-106/mL) were incubated at 37OC for 48 h in 1 mL of a medium containing
n-butyric acid (4 mmol), TPA (32 pmol = 20 ng in
dimethyl sulfoxide (DMSO), 2 mL) as an inducer
and various amounts of test compounds in 5 mL
DMSO. Smears were made from the cell suspension, and the activated cells that were stained by
EBV-EA-positive serum from NPC patients were
detected by an indirect immunofluorescence technique (29). In each assay, at least 500 cells were
counted, and the number of stained cells (positive
cells) present was recorded. Triplicate assays were
performed for each compound. The average EBVEA induction of the test compounds was expressed
as a relative ratio to the control experiment (100%)
which was carried out only with n-butyric acid (4
mmol) plus TPA (32 pmol). EBV-EA induction was
ordinarily around 35%. The viability of treated Raji
cells was assayed by the Trypan Blue staining
method.
Animals
Specific pathogen-free female ICR mice (6
weeks old, body weight approx. 30 g) were obtained
from Japan SLC Inc. (Shizuoka, Japan), and the animals were housed, five animals per polycarbonate
cage, in a temperature-controlled room at 24 ± 2OC
and given food and water ad libitum throughout the
experiment.
Two-stage mouse-skin carcinogenesis test
Animals were divided into three experimental
groups containing 15 mice each. The back (2 ◊ 8
cm2) of each mouse was shaved with surgical clip-
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pers, and the mice were topically treated with 7,12dimethylbenz[a]anthracene (DMBA) (100 mg, 390
nmol) in acetone (0.1 mL) as the initial treatment.
One week after initiation, papilloma formation was
promoted twice weekly by the application of 12-Otetradecanoylphorbol-13-acetate (TPA) (1 mg, 1.7
nmol) in acetone (0.1 mL) to the skin. One hour
before each treatment with TPA, the mice were
treated with the samples (85 nmol) in acetone (0.1
mL). The incidence of papillomas was examined
weekly over a period of 20 weeks (28).
Cytotoxicity in human and murine tumor cell
lines
All the compounds in Scheme 1 were evaluated for their cytostatic activity against human HeLa
cervix carcinoma cells, human CEM CD4þ T-lymphocytes as well as murine L1210 cells (30). All
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assays were performed in 96-well microtiter plates.
To each well were added (5-7.5) ◊ 104 tumor cells
and a given amount of the test compound. The cells
were allowed to proliferate for 48 h (murine
leukemia L1210 cells) or 72 h (human lymphocytic
CEM and human cervix carcinoma HeLa cells) at
37OC in a humidified CO2-controlled atmosphere. At
the end of the incubation period, the cells were
counted in a Coulter counter. The IC50 (50%
inhibitory concentration) was defined as the concentration of the compound that inhibited cell proliferation by 50%.
RESULTS AND DISCUSSION
Chemistry
In order to determine the structure activity relationship, 28 derivatives were prepared according to

Scheme 1. Synthesis of 2,5,6-substituted imidazo[2,1-b][1,3,4]thiadiazole derivatives. Reagents and conditions: i) Br2, CH3COOH. ii)
DMF, POCl3, 80-90OC, Na2CO3, iii) KSCN, Br2, CH3COOH
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Table 1. Physicochemical properties.

Comp.
No.

Molecular
formula

Molecular
weight

%
yield

M.p.
(OC)

Rf
value*

4

C17H12FN3S

309.36

59

152-155

0.62

5

C18H14ClN3S

339.84

60

226-28

0.62

6

C18H14BrN3S

384.29

65

152-56

0.74

7

C18H14FN3S

323.39

66

149-50

0.58

8

C18H14N4O2S

350.39

58

170-72

0.66

9

C18H13Cl2N3S

374.29

50

244-45

0.71

10

C19H17N3S

319.42

49

180-82

0.60

11

C19H17N3OS

335.42

55

138-40

0.70

12

C21H15N3O2S

373.43

62

172-74

0.48

13

C18H13BrClN3S

418.74

64

92-94

0.59

14

C18H13Br2N3S

463.19

68

128-30

0.76

15

C18H13BrFN3S

402.28

60

98-100

0.44

16

C18H14BrN3S

384.29

50

109-111

0.80

17

C19H16BrN3S

398.32

50

150-52

0.48

18

C18H12FN3OS

337.37

48

112-114

0.62

19

C19H15N3O2S

349.41

52

101-103

0.53

20

C19H14ClN3OS

367.85

58

218-19

0.45

21

C19H14FN3OS

351.40

48

202-04

0.55

22

C20H17N3O2S

363.43

62

50-52

0.66

23

C19H14N4OS2

378.47

55

120-122

0.64

24

C18H12N4S2

348.44

59

98-100

0.62

25

C19H13ClN4S2

396.92

50

156-58

0.88

26

C19H13BrN4S2

441.37

48

164-65

0.63

27

C19H13FN4S2

380.46

50

100-02

0.59

28

C19H13N5O2S2

407.47

65

68-70

0.51

29

C20H16N4OS2

392.50

60

157-59

0.59

30

C20H16N4S2

376.50

60

74-76

0.53

31

C22H14N4O2S2

430.50

40

120-122

0.69

*Mobile phase: chloroform : ethanol (0.95 : 0.05, v/v).

Elemental analysis calcd./found
(%)
C
H
N
66.00
3.91
13.58
59.98
3.90
13.55
63.62
4.15
12.36
63.57
4.14
12.34
56.26
3.67
10.93
56.21
3.51
11.01
66.85
4.36
12.99
66.81
4.25
13.01
61.70
4.03
15.99
61.65
4.00
16.05
57.76
3.50
11.23
57.81
3.52
11.15
71.44
5.36
13.15
71.25
5.28
13.24
68.03
5.11
12.53
67.94
5.00
12.61
67.54
4.05
11.25
67.41
3.98
11.32
51.63
3.13
10.03
51.25
3.11
10.10
46.67
2.83
9.07
46.49
2.78
9.11
53.74
3.26
10.45
53.59
3.21
10.51
56.26
3.67
10.93
56.19
3.61
11.00
57.29
4.05
10.55
57.15
4.06
10.49
64.08
3.59
12.46
63.97
3.55
12.51
65.31
4.33
12.03
65.02
4.24
12.11
62.04
3.84
11.42
61.98
3.75
11.59
64.94
4.02
11.96
65.00
4.00
11.91
66.10
4.71
11.56
65.99
4.65
11.71
60.30
3.73
14.80
60.18
3.66
14.91
62.05
3.47
16.08
61.95
3.41
16.21
57.49
3.30
14.12
57.12
3.28
14.15
51.70
2.97
12.69
51.55
2.91
12.75
59.98
3.44
14.73
59.77
3.39
14.81
56.01
3.22
17.19
55.95
3.15
17.25
61.20
4.11
14.27
61.15
4.05
14.31
63.80
4.28
14.88
63.71
4.31
14.91
61.38
3.28
13.01
61.15
3.25
13.09
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the strategy outlined in Scheme 1 and Table 1. The
required α-bromoketones were used in the first step;
they were prepared according to the literature (2, 3)
by using bromine in acetic acid. Derivatives 2,6substituted imidazo[2,1-b][1,3,4]thiadiazoles (4-12)
were prepared by condensing 2-amino-1,3,4-thiadiazole (1 and 2) with α-bromoketones (3) in anhydrous ethanol in good yields. The bromination step
was carried out in glacial acetic acid by using
bromine in good yields (13-17). The formylation
was performed by standard Vilsmeier conditions to
give derivatives (18-22). The introduction of a thiocyanate was performed by treatment with bromine
and potassium thiocyanate to give derivatives (2331).
All the synthesized compounds exhibited
absorption bands ranging from 3059 to 3021 cm-1
for C-H aromatic stretching and 2954-2714 cm-1 for
C-H aliphatic stretching. Stretching vibration
bands of CHO for compounds 20-22 showed
between 1677 and 1668 cm-1. While derivatives 25
to 31 exhibited vibration bands for C≡N between
2165-2124 cm-1 in their respective IR spectra. In 1H
NMR, imidazole proton (C5-H) confirms the
cyclization of 2-amino-5-(4-methylbenzyl)-1,3,4thiadiazole 1 or 2 with respective phenacyl bromide 3 by the presence of singlet between δ 8.92
and 8.49 ppm. Bromination, formylation and thiocyanation reactions were performed on imidazo[2,1-b][1,3,4]thiadiazole derivatives 4-12, and
afforded the respected 5-substituted derivatives
(13-17, 18-22, 23-31). All these 5-substituted
derivatives showed the absence of C5-H in their
respective spectra and confirmed the substitution at
C-5 position. Derivatives 20-22 showed a singlet
between δ 9.99 to 9.95 ppm for the CHO proton.
Aromatic protons showed prominent signals
around δ 8.34-6.96 ppm. Bridge headed methylene
proton at C2 appeared between δ 4.52 to 4.36 ppm.
The presence of OCH3 protons in compounds 11,
22 and 29 exhibited as singlet between δ 3.82-3.76
ppm. Methyl proton appeared as singlet between δ
2.38-2.17 ppm. The structures of all the compounds were finally ascertained by mass spectra.
In vitro 5 dose full NCI 60 cell panel assay and
discussion
All the cell lines (about 60), representing nine
tumor subpanels, were incubated at five different
concentrations (0.01, 0.1, 1, 10 and 100 µM). The
outcomes were used to create log concentration vs. %
growth inhibition curves and three response parameters (GI50, TGI and LC50) were calculated for each
cell line. The GI50 value (growth inhibitory activity)
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corresponds to the concentration of the compound
causing 50% decrease in net cell growth, the TGI
value (cytostatic activity) is the concentration of the
compound resulting in total growth inhibition and
LC50 value (cytotoxic activity) is the concentration of
the compound causing net 50% loss of initial cells at
the end of the incubation period of 48 h.
Derivative 20 (NSC: D753993) exhibited anticancer activity against Melanoma SK-MEL-2 cell
line with GI50: 0.77 µM, and derivative 12 (NSC:
D753984) was active against Colon Cancer HCT-15
cell line with GI50: 0.87 µM) and Melanoma Cancer
UACC-62 and M14 cell line with GI50: 0.54 and
0.96
µM,
respectively.
Compound
22
(NSC:D753991) exhibited significant anticancer
activity against most of the tested cell lines representing nine different subpanels with GI50 values
ranging between 0.23 and 11.7 µM and emerged as
potential candidate of the series (Table 2).
Compound 31 (NSC: D753989) showed potent anticancer activity against Leukemia K-562 and SR cell
lines with GI50: 0.43 and 0.47 µM, respectively,
Non-Small Cell Lung Cancer NCI-H522 cell line
(GI50: 0.60 µM) and Colon Cancer KM12 and HCC2998 cell line with GI50: 0.75 and 0.91 µM, respectively (Table 2).
The criterion for selectivity of a compound
depends upon the ratio obtained by dividing the full
panel MIDa (the average sensitivity of all cell lines
toward the test agent) by their individual subpanel MIDb
(the average sensitivity of all cell lines of a particular
subpanel toward the test agent). The ratios greater than
6 indicates high selectivity for the corresponding cell
line, while ratios between 3 and 6 referred as moderate
selectivity and not meeting either of these criteria rated
them as non-selective (26). According to these criterion,
compounds 29 and 22 exhibited moderate (MIDa/MIDb:
3.21 and 3.25, respectively) selectivity towards prostate
and colon cancer cell line, respectively, whereas compound 11 was found to be highly selectivity towards
Leukemia, Colon Cancer subpanel with selectivity ratio
of 8.35 and 6.08, respectively. Another compound, 12
was found to be moderately selective towards CNS and
Breast cancer cell line with selectivity ratio 5.61 and
5.87, respectively. Remaining derivatives were found to
be non-selective against remaining cell panel (Table 2).
Chemoprevention activity
The compounds (4-31) were subjected to in
vitro inhibition assay against EBV-EA activation.
The results of the in vitro and in vivo anti-tumor
promoting activities have been reported for the
newly synthesized analogs (4-31). EBV-EA is activated by tumor promoters, producing viral early

24.2

97.0

NCI-H226

NCI-H23

NA

4.29

SW-620

HCT-15

3.28

NA

HCT-116

KM12

>100

HCC-2998

HT29

NA

>100

COLO 205

8.88

17.0

HOP-92

NCI-H522

13.4

HOP-62

19.6

23.0

EKVX

>100

>100

A549/ATCC

NCI-H460

2.83

SR

NCI-H322M

NA

>100

RPMI-8226

K-562

MOLT-4

3.61

1.84

HL-60 (TB)

>100

11

CCRF-CEM

Panel/Cell Line

Compound

3.79

29.01

2.76

MIDb

6.08

0.79

8.35

MIDa/
MIDb

17.8

3.20

7.68

0.87

12.8

4.34

70.2

2.47

20.1

45.2

52.4

>100

3.64

>100

13.4

19.4

6.22

42.7

58.3

1.27

15.8

20.7

12

16.7

22.4

24.2

MIDb

1.21

0.91

0.84

MIDa/
MIDb

MIDa/
MIDb

2.68

1.27

Leukemia

MIDb

6.21

4.37

2.00

2.72

2.46

3.31

2.78

3.46

1.81

2.96

6.39

2.75

4.18

1.24

3.67

2.34

0.97

3.01

1.13

COLON Cancer

3.50

22

0.32

3.16

0.85

0.38

0.36

1.57

0.43

0.56

0.46

0.47

0.50

1.41

1.45

0.46

1.89

10.3

1.94

2.55

1.85

3.41

1.55

2.95

Non-Small Cell Lung Cancer

2.36

2.15

4.13

1.76

3.24

2.43

20

Table 2. Nine subpanels at five concentrations: growth inhibition (GI50) activity (µM) of selected compounds.

0.75

2.98

1.11

MIDb

3.25

0.82

2.20

MIDa/
MIDb

8.29

3.52

8.40

6.48

6.05

5.26

>100

3.80

3.88

19.5

7.19

3.45

6.36

5.41

3.82

6.34

2.98

4.42

4.86

8.17

3.06

3.93

29

6.33

6.63

4.57

1.92

1.83

2.66

MIDb MIDa/
MIDb

1.52

0.75

2.27

2.15

2.27

0.91

8.28

0.60

2.89

10.1

7.26

18.7

18.4

3.24

4.46

4.84

0.49

4.47

5.98

0.43

1.12

9.30

31

2.59

7.83

3.63

MIDb

2.81

0.93

2.01

MIDa/
MIDb
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>100

83.1

7.73

17.2

OVCAR-5

OVCAR-8

NCI/ADRRES

SK-OV-3

29.9

IGROV1

62.2

6.47

UACC-62

>100

>100

UACC-257

OVCAR-4

>100

OVCAR-3

>100

39.4

MALME-3M

SK-MEL-5

8.01

LOX IMVI

SK-MEL-28

18.5

U251

8.91

13.5

SNB-75

MDA-MB435

23.6

SNB-19

NA

18.0

SF-539

1.41

8.14

SF-295

SK-MEL-2

26.3

SF-268

M14

11

Compound

Table 2. Cont.

40.02

12.84

18.00

MIDb

0.58

1.80

1.28

MIDa/
MIDb

>100

5.14

>100

>100

77.3

8.89

26.6

0.54

53.8

6.60

56.3

3.01

1.48

0.96

26.9

1.05

21.8

47.9

>100

30.9

7.23

>100

12

29.3

16.7

27.0

MIDb

0.69

1.21

0.75

MIDa/
MIDb

6.97

2.34

2.91

6.43

5.17

2.38

3.96

3.42

4.71

3.08

7.60

2.98

0.77

2.44

4.94

3.02

2.54

3.07

4.39

2.16

2.15

3.59

20

MIDa/
MIDb

1.14

0.93

4.30

0.79

Ovarian Cancer

3.66

Melanoma

2.98

CNS Cancer

MIDb

2.27

0.36

3.41

5.89

4.77

0.62

3.53

0.94

11.2

1.22

11.3

2.53

0.23

0.48

11.7

0.75

1.19

1.23

2.80

0.80

0.90

2.50

22

2.97

4.48

1.57

MIDb

0.82

0.54

1.55

MIDa/
MIDb

25.8

4.69

5.79

15.2

7.62

4.25

47.1

4.35

>100

11.0

90.3

4.67

5.54

5.67

7.83

3.78

3.71

6.76

6.40

7.18

2.38

5.78

29

15.77

16.64

5.37

0.77

0.73

2.26

MIDb MIDa/
MIDb

3.14

0.45

13.3

28.2

5.86

0.37

81.1

0.45

>100

0.48

13.8

10.1

0.26

0.36

10.7

0.66

1.54

0.55

1.39

0.78

0.63

2.89

31

18.91

4.60

1.30

MIDb

0.39

1.58

5.61

MIDa/
MIDb
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15.7

>100

>100

23.4

>100

21.7

>100

>100

68.8

9.60

12.5

13.9

NT

84.8

2.71

23.1

ACHN

CAK-1

RXF 393

SN12C

TK-10

UO-31

PC-3

DU-145

MCF7

MDA-MB231/ATCC

HS 578T

BT-549

T-47D

MDA-MB468

MIDa

31.3

786-0

A498

11

Compound

Table 2. Cont.

24.70

68.8

23.05

MIDb

0.93

0.34

1.00

MIDa/
MIDb

20.3

7.22

21.0

>100

40.7

17.7

11.2

40.7

35.1

64.7

>100

>100

>100

1.46

1.70

45.1

>100

12

19.6

37.9

28.3

MIDb

1.04

0.54

0.72

MIDa/
MIDb

3.4

2.26

3.44

3.56

3.09

2.81

3.23

2.44

3.31

2.84

2.90

4.39

7.98

3.00

3.46

4.23

4.50

20

MIDa/
MIDb

0.82

1.18

3.06

1.11

Breast Cancer

2.88

Prostate Cancer

4.16

Renal Cancer

MIDb

2.4

0.33

1.98

NT

1.02

1.55

0.51

1.94

3.67

2.37

2.21

2.87

3.23

0.77

2.58

1.18

2.47

22

1.07

2.80

2.21

MIDb

2.28

0.87

1.10

MIDa/
MIDb

12.2

>100

>100

NT

3.57

5.25

>100

>100

3.78

2.95

>100

60.2

52.8

>100

22.5

11.9

55.0

29

4.41

3.78

34.22

2.75

3.21

0.35

MIDb MIDa/
MIDb

7.3

0.40

1.35

NA

0.32

3.14

0.99

7.56

2.31

8.34

18.3

80.4

6.36

1.96

3.00

0.22

0.80

31

1.25

4.93

14.92

MIDb

5.87

1.48

0.49

MIDa/
MIDb
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antigen (EA), and the evaluation of its inhibitors is
used as a primary screen for in vivo anti-tumor promoting activities (27). The in vitro inhibitory activities of compounds 4-31 against EBV-EA activation
are shown in Table 3. Oleanolic acid was used as
standard to compare with the test compounds 4-31.
Their effects on the viability of Raji cells and their
50% inhibitory concentration (IC50) values are
shown in Table 3. The in vitro results showed moderate to mild cytotoxicity against cell line (Table 3).

The inhibitory activities were as follows: 19 (IC50
489 mol ratio/32 pmol/TPA), 11 (IC50 = 495), 10
(IC50 = 500), 23 (IC50 = 501) and 24 (IC50 = 505).
Compound 19 is a 5-formyl derivative, and the
EBV-EA activation was lower than those of the
other compounds. The relative rates of 19 with
respect to TPA (100%) were 10.5, 42.6, 74.6 and
100%, at concentrations of 1000, 500, 100 and 10
mol ratio/TPA (Table 3), showing 89.5, 47.4, 25.4,
(compound 19) inhibition of TPA-induced EBV-EA

Table 3. Relative ratioa of EBV-EA activation levels (%) in the presence of compounds 4-31 and oleanolic acid.

Comp.
No.

a

Concentration
(mol ratio / TPA)

IC50
(nM)

1000

500

100

10

4

14.3 (60) ± 0.3

49.6 ± 1.4

80.0 ± 1.7

100 ± 1.9

5

15.9 (60) ± 0.5

48.3 ± 1.3

79.1 ± 1.9

100 ± 1.9

519

6

17.9 (50) ± 0.5

54.6 ± 1.5

84.3 ± 1.8

100 ± 1.7

539

7

14.0 (60) ± 0.5

48.3 ± 1.3

79.3 ± 1.5

100 ± 1.6

509

8

16.1 (60) ± 0.6

53.0 ± 1.5

81.9 ± 1.6

100 ± 1.7

531

510

9

18.0 (60) ± 0.7

54.3 ± 1.6

83.9 ± 1.9

100 ± 1.9

542

10

12.1 (60) ± 0.3

43.6 ± 1.3

76.4 ± 1.6

100 ± 1.8

500

11

11.7 (60) ± 0.3

42.3 ± 1.2

75.3 ± 1.6

100 ± 1.7

495

12

--

--

--

--

NT

13

18.3 (50) ± 0.6

55.6 ± 1.4

84.8 ± 1.7

100 ± 1.9

548

14

19.9 (50) ± 0.8

58.7 ± 1.5

86.2 ± 2.0

100 ± 1.9

561

15

16.8 (60) ± 0.6

52.7 ± 1.5

82.0 ± 2.0

100 ± 1.9

534

16

17.4 (50) ± 0.5

53.8 ± 1.5

83.2 ± 2.0

100 ± 2.0

535

17

17.0 (50) ± 0.6

53.6 ± 1.6

83.1 ± 2.0

100 ± 1.9

535

18

13.8 (60) ± 0.4

48.7 ± 1.2

79.2 ± 2.0

100 ± 1.9

507

19

10.5 (60) ± 0.4

42.6 ± 1.1

74.6 ± 1.3

100 ± 1.7

489

20

15.3 (60) ± 0.4

49.7 ± 1.4

79.3 ± 1.7

100 ± 1.8

521

21

12.9 (60) ± 0.3

47.3 ± 1.4

78.1 ± 1.6

100 ± 1.7

508

22

--

--

--

--

NT

23

12.8 (60) ± 0.5

43.8 ± 1.2

76.6 ± 1.4

100 ± 1.9

501

24

13.9 (60) ± 0.5

44.9 ± 1.3

78.3 ± 1.6

100 ± 1.8

505

25

16.5 (60) ± 0.5

44.9 ± 1.3

78.3 ± 1.6

100 ± 1.8

529

26

18.1 (50) ± 0.7

56.2 ± 1.4

85.3 ± 1.7

100 ± 1.8

554

27

15.6 (60) ± 0.4

51.1 ± 1.4

81.3 ± 1.8

100 ± 1.7

523

28

17.0 (60) ± 0.6

53.9 ± 1.4

82.1 ± 1.8

100 ± 1.9

533

29

14.1 (60) ± 0.4

49.3 ± 1.2

80.3 ± 1.6

100 ± 1.8

511

30

14.9 (60) ± 0.4

51.2 ± 1.5

81.4 ± 1.8

100 ± 1.8

516

31

--

--

--

--

NT

Oleanolic acidc

12.7 (70)

30.0

80.0

100

449

The values obtained in the assay where the EBV-EA activation was performed by treatment with TPA (32 pmol) alone (without adding
any triterpenoids) was evaluated as 100%. bValues in parentheses are the percentage viability of Raji cells. cA standard sample to compare
the inhibitory activities of 1-28 against EBV-EA activation. NT = not tested.
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activation. Compounds 10, 11, 23 and 24 exhibited
mild inhibitory activity. The other compounds did
not show preferable inhibitory activities.
Thus, we selected compounds 14 and 19
among the 28 compounds to examine their effects
on in vivo two-stage carcinogenesis using mouseskin papillomas induced by DMBA as an initiator

and TPA as a promoter. During the in vivo test, the
body weight gains of the mice were not influenced
by treatment with the test compounds and no toxic
effects, such as lesional damage and inflammation
(edema, erosion and ulcer), were observed in areas
of mouse skin topically treated with the test compounds.

Figure 2. Inhibitory effects of compound 14 & 19 on mouse-skin carcinogenesis induced by DMBA and TPA (after 20 weeks). a. Positive
control [DMBA (390 nmol) + TPA (1.7 nmol); b. TPA + 85 nmol of compound 14; c. TPA + 85 nmol of compound 19

927
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Table 4. Inhibitory effects of compound 14 and 19 on two-stage mouse skin carcinogenesis.

Weeks of
treatment

DMBA (390 nmol) + TPA
(1.7 nmol)

TPA + (85 nmol) of
compound 14

TPA + (85 nmol) of
compound 19

Papillomas
(%)

Papillomas/
mouse

Papillomas
(%)

Papillomas/
mouse

Papillomas
(%)

Papillomas/
mouse

1

0

0

0

0

0

0

2

0

0

0

0

0

0

3

0

0

0

0

0

0

4

0

0

0

0

0

0

5

0

0

0

0

0

0

6

10

0.3

0

0

0

0

7

30

0.9

10

0.5

10

0.4

8

50

1.2

30

0.9

20

0.8

9

60

1.7

50

1.3

40

1.1

10

80

2.1

50

1.7

50

1.4

11

100

2.7

60

2.2

50

1.8

12

100

3.2

70

2.7

60

2.3

13

100

3.8

80

3.2

60

2.9

14

100

4.7

90

3.7

60

3.4

15

100

5.5

90

4.0

70

3.7

16

100

6.0

100

4.3

70

4.0

17

100

6.5

100

4.9

80

4.3

18

100

7.1

100

5.2

90

4.6

19

100

7.6

100

5.6

100

4.9

20

100

7.9

100

6.3

100

5.2

As shown in Table 4, papilloma-bearing mice
in the positive control group treated with DMBA
(390 nmol) and TPA (1.7 nmol, twice/week)
appeared as early as at week 6, and the percentage of
papillomas bearers increased rapidly to reach 100%
after week 11.
On the other hand, treatment with compound
19 (85 nmol) along with DMBA/TPA reduced the
percentage of papilloma-bearing mice to 10.060.0% during weeks 7-14, and thereafter 100.0%
during week 19. As shown in Table 4, in the positive
control group treated with DMBA/TPA, the number
of papillomas formed per mouse increased rapidly
after week 6 to reach 7.9 papillomas/mouse at week
20, whereas mice treated with 19 bore only 5.2
papillomas. As shown in Table 4, treatment with
compound 14 (85 nmol), along with DMBA/TPA
reduced the percentage of papilloma bearing mice to
10.0-50.0% during weeks 7-10, and thereafter 60.0
and 100% in 11-16 week.
As shown in Table 4, after treatment with
compound 14, the number of papillomas formed per

mouse increased rapidly after week 15 to reach 4.0
papillomas/mouse.
In the in vivo two-stage mouse-skin carcinogenesis test, 14 and 19 were found to delay papilloma formation (Fig. 2). The results of in vitro EBVEA induction and the in vivo two-stage mouse-skin
carcinogenesis test suggest that compound 19 is
mildly useful as cancer chemopreventive agent.
Cytostatic activity
The compounds were evaluated for their cytostatic activity against human Molt4/C8 and CEM Tlymphocytes as well as murine L1210 leukemia
cells. The data are summarized in Table 5.
Several compounds: 22, 27, 29 and 30 exhibited IC50 values in the low micromolar range. HeLa
cells were slightly more sensitive to the cytostatic
activity of the compounds than CEM or L1210 cells.
There was, in general, a strong correlation
between the three tumor cell lines regarding the
cytostatic activities of the compounds. The most
potent inhibitors of murine L1210 cell proliferation
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Table 5. Inhibitory effects of compounds on the proliferation of murine leukemia cells (L1210) and human Tlymphocyte cells (CEM) and human cervix carcinoma cells (HeLa).

IC50* (µM)
Compound

L1210

CEM

HeLa

NT

NT

NT

5

137 ± 6

100 ± 8

147 ± 108

6

130 ± 30

112 ± 3

116 ± 1

7

141 ± 16

121 ± 8

129 ± 18

8

NT

NT

NT

4

9

162 ± 2

123 ± 40

185 ± 16

10

116 ± 2

123 ± 41

114 ± 11

11

181 ± 13

116 ± 8

101 ± 2

12

NT

NT

NT

13

206 ± 47

110 ± 2

196 ± 76

14

204 ± 56

229 ± 30

80 ± 4

15

163 ± 96

> 250

≥ 250

16

68 ± 40

59 ± 27

127 ± 13

17

106 ± 81

101 ± 43

125 ± 11

18

NT

NT

NT

19

NT

NT

NT

20

NT

NT

NT

21

NT

NT

NT

22

3.9 ± 0.0

2.6 ± 1.1

3.6 ± 1.2

23

NT

NT

NT

24

NT

NT

NT

25

83 ± 19

41 ± 24

24 ± 4

26

114 ± 18

79 ± 16

32 ± 7

27

17 ± 1

10 ± 2

23 ± 0

28

107 ± 11

63 ± 5

32 ± 5

29

11 ± 6

9.0 ± 2.9

14 ± 8

30

37 ± 20

18 ± 9

22 ± 2

31

NT

NT

NT

Levamisole

206 ± 6

> 250

≥ 250

5-Fluorouracil

0.33 ± 0.17

18 ± 5

0.54 ± 0.12

*50% inhibitory concentration. NT = not tested.

(i.e., 22 and 29) were also most inhibitory to human
T-lymphocyte CEM, and cervix carcinoma HeLa
cell proliferation.
CONCLUSION
A new series of substituted imidazo[2,1b][1,3,4]thiadiazoles (4-31) were synthesized by
condensing aminothiadiazole with various phenacyl

bromides in good yields. Derivatives 4, 5, 11, 12, 13,
16, 18-25, 27, 29 and 31 were tested at a single dose
of 10-5 concentration at the NCI over 60 cell line
panel, and derivatives 11, 12, 20, 22, 29 and 31 were
subsequently tested in 5 dose testing mode.
Derivative 12 was found to be highly selectivity
towards Leukemia, Colon cancer subpanels and
moderately selective in CNS and breast cancer subpanels. Other two compounds 22 and 29 were found

Synthesis of imidazo[2,1-b][1,3,4]thiadiazole derivatives as...

moderately selective in prostate and colon cancer
subpanels. The cancer chemopreventive effect of 19
was equipotent to standard oleanolic acid (IC50 = 449
nM). These preliminary results of biological screening of the tested derivatives could offer an excellent
framework that may lead to discovery of potent anticancer and cancer chemoprevention agents.
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In the title imidazo[2,1-b][1,3,4]thiadiazole derivative, C19H14ClN3OS, the
4-methylbenzyl and chlorophenyl rings are inclined to the planar imidazo[2,1-b][1,3,4]thiadiazole moiety (r.m.s. deviation = 0.012 Å) by 64.5 (1) and
3.7 (1) , respectively. The molecular structure is primarily stabilized by a strong
intramolecular C—H  O hydrogen bond, leading to the formation of a pseudoseven-membered S(7) ring motif, and a short intramolecular C—H  N contact
forming an S(5) ring motif. In the crystal, molecules are linked by pairs of C—
H  S hydrogen bonds, forming inversion dimers. The dimers are linked by C—
H  O and C—H   interactions, forming chains propagating along [110].

Supporting information: this article has
supporting information at journals.iucr.org/e

1. Chemical context
The search for potential drugs to ﬁght cancer and the design of
molecules with limited side effects, particularly to the immune
system, is an emerging area of research. Imidazo[2,1-b][1,3,4]thiadiazole derivatives have been reported for their promising
biological activities, and the most recent studies indicate their
potential as antitumor agents (Karki et al., 2011). However,
active heterocyclic pharmacophores particularly at position 5
of the imidazo[2,1-b][1,3,4]thiadiazole moiety have shown
signiﬁcant activities; substitution of aldehydes at the 5-position resulted in an improvement of their anticancer activity
(Kumar et al., 2014), whereas a substituted phenyl group
enhanced the anti-tubercular activity (Ramprasad et al., 2015).
In view of the above, we report herein on the synthesis and
crystal structure of title imidazo[2,1-b][1,3,4]thiadiazole derivative.

1460

http://dx.doi.org/10.1107/S2056989016014754

electronic reprint

Acta Cryst. (2016). E72, 1460–1462

research communications
2. Structural commentary

Table 1

The molecular structure of the title compound is illustrated in
Fig. 1. The carbaldehyde group is coplanar with the imidazothiadiazole ring system and cis to the chlorophenyl ring. Bond
C12 O1 is cis to the C13—C14 bond, which favours the
formation of an intramolecular C15—H15  O1 hydrogen
bond (Table 1). The imidazole and thiadiazole rings show
different  conjugations, resulting from their fused nature and
also due to the groups attached to them. This is evident from
the differences in the bond lengths S1—C9 [1.772 (4) Å] and
S1—C10 [1.724 (2) Å] of the thiadiazole ring, indicating that
the resonance effect caused by the imidazole ring is stronger
than that caused by the thiadiazole ring. As a result, the
imidazole system is more resonance stabilized. Additionally,
the imidazothiadiazole moiety is planar and rigid with
maximum deviations of 0.0182 (2) and 0.0078 (3) Å for
atoms N2 and C13, respectively, from the mean plane. The 4chlorophenyl ring makes a dihedral angle of 3.7 (1) , whereas
the 4-methylbenzyl ring is inclined at an angle of 64.5 (1) with
respect to the mean plane of the imidazothiadiazole ring
system. The molecular structure is primarily stabilized by the
strong intramolecular C15—H15  O1 hydrogen bond,
leading to the formation of a pseudo-seven-membered
hydrogen-bonded S(7) ring motif, and an intramolecular
C19—H19  N3 interaction forming an S(5) ring motif, thus
locking the molecular conformation and eliminating conformational ﬂexibility (Fig. 1 and Table 1).

3. Supramolecular features
In the crystal, the solid-state structure is stabilized primarily
by a pair of C—H  S hydrogen bonds, forming inversion
dimers (Table 1 and Fig. 2). These dimers are linked by pairs of
C—H  O hydrogen bonds and C—H   interactions,
forming chains propagating along [110]. There are no halogen
interactions involving the chlorine atom, and no aromatic –
stacking interactions present.

Hydrogen-bond geometry (Å,  ).
Cg is the centroid of the C2–C7 ring.
D—H  A

D—H

H  A

D  A

D—H  A

C15—H15  O1
C19—H19  N3
C19—H19  S1i
C6—H6  O1ii
C18—H18  Cgi

0.93
0.93
0.93
0.93
0.93

2.20
2.42
2.83
2.46
2.92

3.047 (3)
2.788 (3)
3.733 (2)
3.384 (3)
3.648 (12)

151
103
165
170
136

Symmetry codes: (i) x þ 1; y þ 1; z; (ii) x; y þ 2; z.

55 hits for molecules containing the imidazo[2,1-b][1,3,4]thiadiazole moiety. A search for 2-benzyl-6-phenylimidazo[2,1-b][1,3,4]thiadiazoles gave ten hits, and ﬁve of
these compounds contain a 6-phenylimidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde moiety. It is interesting to note
that the aldehyde group generally accepts a hydrogen bond,
and that the para-substituted halogens do not generate any
signiﬁcant weak interactions in the crystal packing, except for
a C—H  F interaction in 2-(4-ﬂuorobenzyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (OWIFAC;
Banu et al., 2010), the 4-ﬂuorobenzyl analogue of the title
compound.

5. Synthesis and crystallization
The title compound was obtained according to a reported
procedure (Kumar et al., 2014). The Vilsmeier reagent was
prepared at 273–278 K by adding dropwise phosphorous
oxychloride (2.3 g, 15 mmol) into a stirred solution of DMF
(10 ml). The 6-(4-chlorophenyl)-2-(4-methylbenzyl) imidazo[2,1-b][1,3,4]thiadiazole (4 mmol) was added slowly to the
Vilsmeier reagent with stirring and cooling for 2 h. Further
stirring was continued for 6 h at 353–363 K. The reaction

4. Database survey
A search of the Cambridge Structural Database (CSD,
Version 5.37, last update May 2016; Groom et al., 2016) gave

Figure 1

Figure 2

The molecular structure of the title compound, showing the atom
labelling. Displacement ellipsoids are drawn at 50% probability level. The
intramolecular interactions are shown as dashed lines (see Table 1).

A view along the a axis of the crystal packing of the title compound. The
intermolecular interactions are shown as dashed lines (see Table 1) and,
for clarity, H atoms not involved in these interactions have been omitted.

Acta Cryst. (2016). E72, 1460–1462

electronic reprint

Sowmya et al.



C19H14ClN3OS

1461

research communications
mixture was then poured into 100 ml of water. The precipitate
obtained was ﬁltered, and neutralized with a cold aqueous
solution of sodium carbonate. The solid obtained was ﬁltered,
washed with water and dried. Single crystals were obtained by
slow evaporation of a solution in ethanol/DMF (2:1 v:v).

6. Refinement
Crystal data, data collection and structure reﬁnement details
are summarized in Table 2. H atoms were positioned geometrically, with N—H = 0.86 Å and C—H = 0.93–0.96 Å, and
constrained to ride on their parent atoms with Uiso(H) =
1.5Ueq(C-methyl) and 1.2Ueq(C,N) for other H atoms.

The authors are grateful to Professor T. N. Guru Row, Indian
Institute of Science and DST India, for the data collection on
the CCD facility. GNA thanks MSRIT for encouragement.
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Experimental details.
Crystal data
Chemical formula
Mr
Crystal system, space group
Temperature (K)
a, b, c (Å)
, ,  ( )
V (Å3)
Z
Radiation type
 (mm1)
Crystal size (mm)
Data collection
Diffractometer
Absorption correction
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Tmin, Tmax
No. of measured, independent and
observed [I > 2(I)] reﬂections
Rint
(sin / )max (Å1)
Reﬁnement
R[F 2 > 2(F 2)], wR(F 2), S
No. of reﬂections
No. of parameters
H-atom treatment
 max,  min (e Å3)

C19H14ClN3OS
367.84
Triclinic, P1
296
5.6138 (18), 9.018 (2), 16.514 (5)
80.533 (13), 87.519 (14),
83.353 (14)
818.9 (4)
2
Mo K
0.37
0.20  0.15  0.10
Bruker SMART CCD areadetector
Multi-scan (SADABS; Bruker,
2012)
0.941, 0.971
12059, 2966, 2530
0.059
0.606
0.042, 0.110, 1.05
2966
228
H-atom parameters constrained
0.40, 0.26

Computer programs: SMART and SAINT (Bruker, 2012), SHELXS97 (Sheldrick, 2008),
SHELXL2014 (Sheldrick, 2015), ORTEP-3 for Windows and WinGX (Farrugia, 2012),
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The crystal structure of 6-(4-chlorophenyl)-2-(4-methylbenzyl)imidazo[2,1-b]
[1,3,4]thiadiazole-5-carbaldehyde
A. Sowmya, G. N. Anil Kumar, Sujeet Kumar and Subhas S. Karki
Computing details
Data collection: SMART (Bruker, 2012); cell refinement: SAINT (Bruker, 2012); data reduction: SAINT (Bruker, 2012);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL2014
(Sheldrick, 2015); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012), CAMERON (Watkin et al., 1996) and
Mercury (Macrae et al., 2008); software used to prepare material for publication: WinGX (Farrugia, 2012) and PLATON
(Spek, 2009).
6-(4-Chlorophenyl)-2-(4-methylbenzyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde
Crystal data
C19H14ClN3OS
Mr = 367.84
Triclinic, P1
Hall symbol: -P 1
a = 5.6138 (18) Å
b = 9.018 (2) Å
c = 16.514 (5) Å
α = 80.533 (13)°
β = 87.519 (14)°
γ = 83.353 (14)°
V = 818.9 (4) Å3

Z=2
F(000) = 380
Dx = 1.492 Mg m−3
Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 1890 reflections
θ = 3.3–26.4°
µ = 0.37 mm−1
T = 296 K
Block, colourless
0.20 × 0.15 × 0.10 mm

Data collection
Bruker SMART CCD area-detector
diffractometer
Radiation source: fine-focus sealed tube
Graphite monochromator
ω and φ scans
Absorption correction: multi-scan
(SADABS; Bruker, 2012)
Tmin = 0.941, Tmax = 0.971

12059 measured reflections
2966 independent reflections
2530 reflections with I > 2σ(I)
Rint = 0.059
θmax = 25.5°, θmin = 1.3°
h = −6→6
k = −11→11
l = −20→20

Refinement
Refinement on F2
Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.042
wR(F2) = 0.110
S = 1.05
2966 reflections
228 parameters

0 restraints
Hydrogen site location: inferred from
neighbouring sites
H-atom parameters constrained
w = 1/[σ2(Fo2) + (0.0537P)2 + 0.289P]
where P = (Fo2 + 2Fc2)/3
(Δ/σ)max = 0.001

Acta Cryst. (2016). E72, 1460-1462

sup-1

electronic reprint

supporting information
Δρmax = 0.40 e Å−3
Δρmin = −0.26 e Å−3

Extinction correction: SHELXL2014
(Sheldrick, 2015)
Extinction coefficient: 0.015 (3)

Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)

S1
Cl1
O1
N1
N2
N3
C1
H1A
H1B
H1C
C2
C3
H3
C4
H4
C5
C6
H6
C7
H7
C8
H8A
H8B
C9
C10
C11
C12
H12
C13
C14
C15
H15
C16
H16
C17
C18

x

y

z

Uiso*/Ueq

0.13628 (9)
0.76563 (10)
−0.2181 (3)
−0.2122 (3)
−0.0436 (3)
0.3040 (3)
0.2608 (4)
0.3880
0.3278
0.1580
0.1165 (4)
−0.0867 (4)
−0.1379
−0.2144 (4)
−0.3490
−0.1425 (4)
0.0587 (4)
0.1082
0.1852 (4)
0.3182
−0.2861 (4)
−0.3853
−0.3928
−0.1409 (4)
0.1526 (4)
−0.0221 (4)
−0.2119 (4)
−0.3429
0.1975 (4)
0.3268 (4)
0.2369 (4)
0.0863
0.3697 (4)
0.3084
0.5944 (4)
0.6866 (4)

0.55026 (6)
1.05603 (6)
1.11191 (15)
0.76902 (19)
0.77957 (18)
0.69994 (18)
0.3316 (3)
0.3909
0.2319
0.3249
0.4061 (2)
0.3460 (2)
0.2620
0.4091 (2)
0.3668
0.5349 (2)
0.5973 (2)
0.6825
0.5335 (2)
0.5768
0.6024 (2)
0.5279
0.6887
0.6527 (2)
0.6762 (2)
0.8823 (2)
1.0071 (2)
1.0065
0.8283 (2)
0.8852 (2)
1.0111 (3)
1.0608
1.0622 (3)
1.1459
0.9882 (2)
0.8621 (2)

0.09398 (3)
−0.41113 (3)
−0.14801 (9)
0.06190 (10)
−0.00135 (10)
−0.05952 (10)
0.48434 (13)
0.4910
0.4766
0.5325
0.41000 (12)
0.38955 (13)
0.4234
0.31943 (12)
0.3070
0.26779 (12)
0.28907 (13)
0.2559
0.35916 (13)
0.3722
0.19192 (13)
0.1800
0.2045
0.11621 (12)
0.00375 (12)
−0.07365 (12)
−0.09103 (13)
−0.0545
−0.10865 (12)
−0.18484 (12)
−0.24086 (13)
−0.2313
−0.31028 (14)
−0.3471
−0.32487 (13)
−0.27129 (13)

0.01783 (18)
0.02857 (19)
0.0188 (4)
0.0169 (4)
0.0149 (4)
0.0158 (4)
0.0254 (5)
0.038*
0.038*
0.038*
0.0182 (5)
0.0194 (5)
0.023*
0.0170 (5)
0.020*
0.0164 (5)
0.0187 (5)
0.022*
0.0183 (5)
0.022*
0.0202 (5)
0.024*
0.024*
0.0171 (5)
0.0159 (5)
0.0152 (4)
0.0174 (5)
0.021*
0.0153 (5)
0.0157 (4)
0.0242 (5)
0.029*
0.0257 (5)
0.031*
0.0198 (5)
0.0185 (5)
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H18
C19
H19

0.8365
0.5524 (4)
0.6135

0.8122
0.8117 (2)
0.7266

−0.2816
−0.20223 (13)
−0.1663

0.022*
0.0171 (5)
0.021*

Atomic displacement parameters (Å2)

S1
Cl1
O1
N1
N2
N3
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19

U11

U22

U33

U12

U13

U23

0.0166 (3)
0.0260 (4)
0.0177 (8)
0.0156 (10)
0.0126 (10)
0.0155 (10)
0.0276 (14)
0.0189 (12)
0.0230 (13)
0.0155 (12)
0.0141 (12)
0.0172 (12)
0.0143 (12)
0.0140 (12)
0.0148 (12)
0.0151 (12)
0.0162 (12)
0.0132 (12)
0.0143 (11)
0.0166 (12)
0.0180 (13)
0.0210 (13)
0.0212 (13)
0.0157 (12)
0.0181 (12)

0.0178 (3)
0.0312 (3)
0.0161 (8)
0.0195 (9)
0.0169 (9)
0.0146 (9)
0.0288 (12)
0.0200 (11)
0.0156 (11)
0.0185 (11)
0.0188 (11)
0.0172 (11)
0.0217 (11)
0.0238 (12)
0.0197 (11)
0.0140 (10)
0.0165 (10)
0.0197 (11)
0.0153 (10)
0.0156 (10)
0.0289 (13)
0.0272 (12)
0.0228 (11)
0.0181 (11)
0.0133 (10)

0.0168 (3)
0.0236 (3)
0.0209 (8)
0.0147 (9)
0.0148 (9)
0.0160 (9)
0.0171 (11)
0.0138 (10)
0.0169 (11)
0.0171 (11)
0.0146 (10)
0.0198 (11)
0.0191 (11)
0.0205 (11)
0.0169 (11)
0.0183 (11)
0.0123 (10)
0.0197 (11)
0.0165 (11)
0.0157 (10)
0.0216 (12)
0.0227 (12)
0.0149 (11)
0.0212 (11)
0.0193 (11)

0.0008 (2)
0.0007 (2)
0.0003 (6)
−0.0018 (7)
−0.0014 (7)
−0.0001 (7)
0.0048 (10)
0.0065 (8)
0.0009 (8)
−0.0013 (8)
0.0026 (8)
−0.0003 (8)
0.0002 (8)
−0.0014 (8)
−0.0012 (8)
−0.0002 (8)
−0.0026 (8)
−0.0016 (8)
−0.0008 (8)
−0.0027 (8)
0.0060 (9)
0.0059 (9)
−0.0023 (9)
0.0027 (8)
0.0007 (8)

−0.0021 (2)
0.0075 (2)
−0.0028 (6)
−0.0001 (7)
−0.0014 (7)
−0.0027 (7)
−0.0011 (10)
0.0032 (9)
0.0053 (9)
0.0027 (9)
0.0008 (8)
0.0041 (9)
0.0000 (9)
−0.0010 (9)
−0.0045 (9)
−0.0033 (9)
−0.0017 (8)
−0.0012 (9)
−0.0062 (8)
−0.0027 (8)
0.0020 (9)
−0.0001 (10)
0.0003 (9)
0.0010 (9)
−0.0033 (9)

0.0024 (2)
0.0052 (2)
0.0018 (6)
−0.0003 (7)
−0.0011 (7)
0.0002 (7)
−0.0007 (9)
−0.0037 (8)
0.0013 (8)
−0.0044 (8)
−0.0014 (8)
0.0003 (9)
−0.0051 (9)
0.0026 (9)
−0.0024 (8)
−0.0022 (8)
0.0006 (8)
−0.0044 (9)
−0.0024 (8)
−0.0038 (8)
0.0015 (10)
0.0079 (9)
−0.0015 (9)
−0.0049 (9)
−0.0017 (8)

Geometric parameters (Å, º)
S1—C10
S1—C9
Cl1—C17
O1—C12
N1—C9
N1—N2
N2—C10
N2—C11
N3—C10
N3—C13
C1—C2
C1—H1A
C1—H1B

1.724 (2)
1.772 (2)
1.749 (2)
1.218 (2)
1.299 (3)
1.378 (2)
1.355 (3)
1.395 (3)
1.323 (3)
1.389 (2)
1.518 (3)
0.9600
0.9600

C5—C8
C6—C7
C6—H6
C7—H7
C8—C9
C8—H8A
C8—H8B
C11—C13
C11—C12
C12—H12
C13—C14
C14—C19
C14—C15
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1.521 (3)
1.390 (3)
0.9300
0.9300
1.498 (3)
0.9700
0.9700
1.408 (3)
1.458 (3)
0.9300
1.472 (3)
1.401 (3)
1.400 (3)
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C1—H1C
C2—C7
C2—C3
C3—C4
C3—H3
C4—C5
C4—H4
C5—C6

0.9600
1.390 (3)
1.395 (3)
1.393 (3)
0.9300
1.391 (3)
0.9300
1.401 (3)

C15—C16
C15—H15
C16—C17
C16—H16
C17—C18
C18—C19
C18—H18
C19—H19

1.383 (3)
0.9300
1.388 (3)
0.9300
1.384 (3)
1.382 (3)
0.9300
0.9300

C10—S1—C9
C9—N1—N2
C10—N2—N1
C10—N2—C11
N1—N2—C11
C10—N3—C13
C2—C1—H1A
C2—C1—H1B
H1A—C1—H1B
C2—C1—H1C
H1A—C1—H1C
H1B—C1—H1C
C7—C2—C3
C7—C2—C1
C3—C2—C1
C2—C3—C4
C2—C3—H3
C4—C3—H3
C5—C4—C3
C5—C4—H4
C3—C4—H4
C4—C5—C6
C4—C5—C8
C6—C5—C8
C7—C6—C5
C7—C6—H6
C5—C6—H6
C2—C7—C6
C2—C7—H7
C6—C7—H7
C9—C8—C5
C9—C8—H8A
C5—C8—H8A
C9—C8—H8B
C5—C8—H8B

87.97 (10)
108.08 (16)
118.52 (17)
108.08 (17)
133.36 (17)
104.36 (16)
109.5
109.5
109.5
109.5
109.5
109.5
117.96 (19)
121.3 (2)
120.7 (2)
121.3 (2)
119.4
119.4
120.6 (2)
119.7
119.7
118.18 (19)
119.60 (19)
122.20 (19)
120.8 (2)
119.6
119.6
121.1 (2)
119.4
119.4
115.50 (18)
108.4
108.4
108.4
108.4

H8A—C8—H8B
N1—C9—C8
N1—C9—S1
C8—C9—S1
N3—C10—N2
N3—C10—S1
N2—C10—S1
N2—C11—C13
N2—C11—C12
C13—C11—C12
O1—C12—C11
O1—C12—H12
C11—C12—H12
N3—C13—C11
N3—C13—C14
C11—C13—C14
C19—C14—C15
C19—C14—C13
C15—C14—C13
C16—C15—C14
C16—C15—H15
C14—C15—H15
C15—C16—C17
C15—C16—H16
C17—C16—H16
C18—C17—C16
C18—C17—Cl1
C16—C17—Cl1
C19—C18—C17
C19—C18—H18
C17—C18—H18
C18—C19—C14
C18—C19—H19
C14—C19—H19

107.5
122.86 (19)
116.07 (16)
121.03 (15)
113.00 (18)
137.61 (15)
109.37 (15)
103.37 (17)
117.73 (19)
138.89 (19)
127.2 (2)
116.4
116.4
111.17 (18)
117.41 (18)
131.42 (18)
117.89 (19)
118.83 (18)
123.27 (19)
120.7 (2)
119.6
119.6
119.9 (2)
120.1
120.1
120.8 (2)
119.38 (17)
119.84 (16)
118.9 (2)
120.5
120.5
121.79 (19)
119.1
119.1

C9—N1—N2—C10
C9—N1—N2—C11
C7—C2—C3—C4

−0.5 (2)
−177.9 (2)
1.4 (3)

C9—S1—C10—N2
C10—N2—C11—C13
N1—N2—C11—C13

−0.02 (15)
0.5 (2)
178.12 (18)
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C1—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—C6
C3—C4—C5—C8
C4—C5—C6—C7
C8—C5—C6—C7
C3—C2—C7—C6
C1—C2—C7—C6
C5—C6—C7—C2
C4—C5—C8—C9
C6—C5—C8—C9
N2—N1—C9—C8
N2—N1—C9—S1
C5—C8—C9—N1
C5—C8—C9—S1
C10—S1—C9—N1
C10—S1—C9—C8
C13—N3—C10—N2
C13—N3—C10—S1
N1—N2—C10—N3
C11—N2—C10—N3
N1—N2—C10—S1
C11—N2—C10—S1
C9—S1—C10—N3

−177.03 (18)
−0.2 (3)
−1.1 (3)
−179.56 (19)
1.1 (3)
179.56 (19)
−1.4 (3)
177.07 (19)
0.1 (3)
−139.6 (2)
41.9 (3)
−177.12 (17)
0.5 (2)
−146.1 (2)
36.4 (3)
−0.27 (17)
177.37 (18)
0.2 (2)
−178.12 (18)
−178.50 (16)
−0.5 (2)
0.3 (2)
178.32 (13)
178.4 (2)

C10—N2—C11—C12
N1—N2—C11—C12
N2—C11—C12—O1
C13—C11—C12—O1
C10—N3—C13—C11
C10—N3—C13—C14
N2—C11—C13—N3
C12—C11—C13—N3
N2—C11—C13—C14
C12—C11—C13—C14
N3—C13—C14—C19
C11—C13—C14—C19
N3—C13—C14—C15
C11—C13—C14—C15
C19—C14—C15—C16
C13—C14—C15—C16
C14—C15—C16—C17
C15—C16—C17—C18
C15—C16—C17—Cl1
C16—C17—C18—C19
Cl1—C17—C18—C19
C17—C18—C19—C14
C15—C14—C19—C18
C13—C14—C19—C18

−178.46 (17)
−0.9 (3)
175.43 (19)
−3.1 (4)
0.1 (2)
179.35 (17)
−0.4 (2)
178.2 (2)
−179.49 (19)
−0.8 (4)
−2.5 (3)
176.5 (2)
178.33 (18)
−2.7 (3)
−1.1 (3)
178.0 (2)
0.0 (4)
0.9 (3)
−178.23 (18)
−0.8 (3)
178.40 (15)
−0.4 (3)
1.3 (3)
−177.90 (18)

Hydrogen-bond geometry (Å, º)
Cg is the centroid of the C2–C7 ring.

D—H···A

D—H

H···A

D···A

D—H···A

C15—H15···O1
C19—H19···N3
C19—H19···S1i
C6—H6···O1ii
C18—H18···Cgi

0.93
0.93
0.93
0.93
0.93

2.20
2.42
2.83
2.46
2.92

3.047 (3)
2.788 (3)
3.733 (2)
3.384 (3)
3.648 (12)

151
103
165
170
136

Symmetry codes: (i) −x+1, −y+1, −z; (ii) −x, −y+2, −z.
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Identification of a novel BCL2-specific inhibitor that binds
predominantly to the BH1 domain
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The antiapoptotic protein BCL2 is overexpressed in several cancers and
contributes to prolonged cell survival and chemoresistance, lending itself as
an excellent target for cancer therapy. Here, we report the design, synthesis, and characterization of Disarib, a novel BCL2 inhibitor. Disarib
showed selective cytotoxicity in BCL2 high cancer cell lines, and CLL
patient primary cells, as compared to BCL2 low cell lines. BCL2 knock
down in cells rendered remarkable resistance to Disarib, while sensitivity
was regained upon its ectopic expression, establishing target specificity.
In silico, biochemical and biophysical studies demonstrated strong affinity
of Disarib to BCL2, but not to other antiapoptotic BCL2 family members
viz., BCL-xL, BCL2A1 etc. Interestingly, biophysical studies showed that
BH1 domain deletion mutant demonstrated ~ 67-fold reduction in BCL2Disarib interaction, while it was only ~ 20-fold in the case of BH3 deletion
mutant, suggesting predominant involvement of the BH1 domain for Disarib binding. Thus, we report identification of a novel BCL2 inhibitor with
a unique mechanism of BCL2 inhibition, as opposed to the well-studied
BH3 domain targeting.

doi:10.1111/febs.13815

Introduction
Apoptosis, a physiological process of programmed cell
death, is crucial during both development and regulation of normal cell proliferation in differentiated
tissues [1]. It involves a complex network of protein–
protein interactions that relies on the balance between
antiapoptotic (BCL2, BCL-xL, BCL2A1, BCLw, and
MCL1) and proapoptotic (BAX, BAK, BAD, BID,
PUMA, and BIM) proteins [2,3]. Antiapoptotic proteins possess four BCL2 homology domains (BH1,

BH2, BH3, and BH4) and a C-terminal transmembrane domain. Proapoptotic proteins have BH1, BH2,
BH3, and transmembrane domains [4]. The proapoptotic proteins upon homodimerization form pores in
the mitochondrial membrane, leading to mitochondrial
outer membrane permeabilization releasing apoptotic
factors [4].
Hyperproliferation and survival in many malignancies is attributed to the upregulation of antiapoptotic

Abbreviations
BCL2, B-cell lymphoma 2; BH, BCL2 homology; CD, circular dichroism; CLL, chronic lymphocytic leukemia; MMP, mitochondrial membrane
potential.
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proteins, BCL2 and BCL-xL. BCL2 upregulation has
been reported in B-cell lymphomas and leukemias
(60–80%), colorectal adenocarcinomas (90%), breast
cancer (70%), and prostate cancer (30–60%), and
additionally in lung and nasopharyngeal carcinomas
[5–7]. Besides, BCL2 overexpression is a feature of
many chemoresistant tumors [8,9]. Hence, treatment
modalities that either target BCL2 alone or in combination with other drugs, are desirable. Since the physiological level of BCL2 in normal dividing cells is low,
it is considered an attractive cancer therapeutic target.
Moreover, BCL2 overexpressing cells become sensitive
to cell death upon its inhibition, even in the presence
of other antiapoptotic proteins [10].
Three classes of previously reported BCL2 inhibitors
include BCL2 antisense oligonucleotides [11], BH3derived peptides [12,13] and BH3-targeted small molecule inhibitors [14]. Among these, small molecule
inhibitors are gaining prominence due to their
amenability to design, development, and in vivo administration. Prominent examples of this class include
YC137 [15], ABT737 [16], ABT199 [17], and Tw37 [18].
Among these, YC137 and ABT199 are BCL2 specific,
while ABT737 and Tw37 are pan active [19].
Many BCL2 inhibitors described so far target the well
conserved BH3 domain of BCL2 [17,20]. Apparently,
specificity for ABT199 is conferred by a hydrogen bond
involving Asp103 in the BH3 domain of BCL2 (Asp 103
is replaced by Glu 103 in BCL-xL). Therefore, binding
of an inhibitor to differential residues in the hydrophobic groove can be an effective strategy for BCL2 specificity. Although all the antiapoptotic BCL2 family
members engage the proapoptotic partners along their
hydrophobic groove, sequence variability and subtle
conformational differences among them can be
exploited to design specific inhibitors.
In this study, we report the design, synthesis, and
characterization of a novel small molecule inhibitor,
Disarib. Disarib confers selective sensitivity to BCL2
overexpressing cells and acts in a target-specific manner both in leukemic cell lines and primary cancer cells
derived from patients. Disarib binds predominantly to
BH1 domain of BCL2 and does not interfere significantly with other members of the BCL2 antiapoptotic
family.

Results
Design of potential novel BCL2 inhibitors
3-substituted indolin-2-one compounds are known to
possess anticancer properties [21,22]. A molecule of
this class, Z24, with antiangiogenic properties was

Identification of a novel inhibitor of BCL2

considered as a potential BCL2 inhibitor due to its
ability to dock onto BCL2 in silico and exhibit moderate cytotoxicity against cells with ectopic BCL2 expression [23]. In the present study, we have used chemical
backbones derived from Z24 to evaluate their relative
affinities to BCL2 in silico, with the objective of
obtaining more specific and effective BCL2 inhibitors.
A chemical backbone 5 was found to dock into the
BCL2 hydrophobic cleft that acts as a receptacle for
the BH1 and BH3 domains of proapoptotic proteins
(Fig. 1A,B). Thus, a panel of 17 derivatives of backbone 5 possessing varying alkyl substitutions was generated (5a–5t), and chemically and biologically
characterized (Fig. 1C,D). Docking studies revealed
their binding onto the BCL2 hydrophobic groove with
different binding affinities (data not shown). Among
the panel of molecules, the compound 5m, renamed
Disarib, showed the most favorable binding energy
(10.4 kcalmol1).
Screening of potential BCL2 inhibitors for target
specificity
Synthesized compounds were tested for target specificity in cells with varying levels of endogenous BCL2
expression. Leukemia cell lines, NALM6 and CEM
(high BCL2 expression) and chronic myelogenous leukemia cell line, K562 (low BCL2 expression), were
chosen for further studies [24]. Results showed that 5a,
5b, 5c, 5e, 5f, 5g, 5m, and 5o exhibited low IC50 values
(2–4 lM) (Table 1). Further analysis for BCL2 specificity showed that 5m (Disarib) and 5t were the only
molecules that displayed activity in a target-dependent
manner. Interestingly, Disarib exhibited the lowest
IC50 values in both CEM and NALM6, while its effect
on K562 was ~ 6 times lower as compared to NALM6
(Table 1). Hence, Disarib was further characterized by
NMR, and LC-MS (Fig. 2A–B). The structure of Disarib is composed of a central imidazothiadiazole ring
A, flanked by benzyl and phenyl rings (B, C), and an
indole ring (D) placed in parallel and antiparallel
directions (Fig. 2C).
Disarib induces cytotoxicity in various cancer cell
lines in a BCL2 level-dependent manner
The cytotoxic effects of Disarib were compared in
various cancer cell lines and a noncancerous cell line
(293T). Results showed that viability was significantly reduced at 48 h of treatment in cells expressing higher levels of BCL2 (REH, NALM6, CEM
P388D1, A2780, Molt4), while cells with low BCL2
(K562, T47D, 293T, HeLa, LNCaP) exhibited
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Fig. 1. Design, synthesis, biochemical, and biological characterization of potential BCL2 inhibitors. (A) Basic chemical backbone of compound
series 5, used for evaluating BCL2 affinity. (B) Docked orientation of compound 5 (pink sticks) in the putative binding pocket (blue) along the
hydrophobic groove of BCL2 (gray surface). Residues (white) forming the putative binding pocket and domains BH1 and BH3 of BCL2 are
indicated. (C) Scheme for chemical synthesis of the molecular backbone of potential BCL2 inhibitors, 5a–5t. Alcohol, sodium carbonate (a),
POCl3, DMF, 80–90 °C (b), 2-indoliaone, CH3OH, piperidine, 30 min (c). (D) Table summarizing the chemical characterization of the panel of
synthesized compounds, which includes compound code, nature of the side chain alkyl groups (R, R0 ), molecular weight (Mol Wt), molecular
formula (Mol Formula), melting points (MP), and Rf (retardation factor). “*” indicates decomposed stage.
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Table 1. Table showing comparison of IC50 values of the
synthesized small molecules, based on their cytotoxicity in
NALM6, K562, and CEM cell lines. IC50 values were based on cell
proliferation as assayed by MTT at 48 h following addition of
compounds. Percentage of cell proliferation was plotted relative to
cells treated with DMSO, the vehicle control. In each case,
experiments were performed a minimum of three times, data are
presented as mean  SEM.
Compound

NALM6

K562

CEM

5a
5b
5c
5e
5f
5g
5i
5j
5l
5m
5n
5o
5p
5q
5r
5s
5t

3.0
14.0
25
25.0
20.5
2.5
12.5
25.0
62.5
2.53
10.0
2.0
41.87
50.37
> 125
35.0
10.0

3.25
2.75
4.75
13.5
3.25
2.75
5.0
17.5
12.5
31.00
15.0
3.5
40
15.62
45
37.5
70.0

11.0
6.0
26.0
2.5
17.0
23.25
42.5
5.0
15.0
2.46
47.5
20.25
50
28.12
50
39.37
13.75

reduced cytotoxicity (Fig. 3A,B). Interestingly, the
effect was minimal in the noncancerous cell line,
293T (Fig. 3A,B). Thus, our data suggest that Disarib-induced cytotoxicity is correlated with the levels
of BCL2 expression.
To rule out the possibility that cytotoxic effect of
Disarib is dependent on the electrophilic properties of
the chemical backbone used for generating the series
of potential BCL2 inhibitors, we compared the cytotoxicity induced by Disarib with that of inactive compound 5p as a control. Live-dead cell assay results
showed a distinct difference between the sensitivity of
NALM6 cells when exposed to Disarib, as compared
to 5p (data not shown).
Knockdown and ectopic expression of BCL2
affects Disarib sensitivity in cells
In order to determine the correlation between observed
Disarib sensitivity in cells and BCL2 expression,
siRNA-mediated knockdown of BCL2 in NALM6
cells was performed. siRNA concentration of 250 nM
was chosen as it reduced BCL2 expression by ~ 80%
in NALM6 cells (Fig. 4A). NALM6 cells were transfected with either BCL2-specific or scrambled siRNA
24 h prior to the addition of Disarib. Results showed

a dose-dependent decrease in the sensitivity of cells to
Disarib upon BCL2 knockdown (Fig. 4B) suggesting a
direct correlation between the level of BCL2 expression and Disarib sensitivity. Importantly, we also find
that Disarib treatment (5 lM) following restoration of
BCL2 levels (pCMV-SPORT-BCL2, ~ 80% expression
as compared to controls) imparts significant cytotoxicity, in contrast to BCL2 knockdown cells (Fig. 4C,D).
Importantly, it is possible that Disarib, upon binding
to BCL2 protein, disrupts the interaction between
BCL2 and its proapoptotic partners such as BAK or
BAX, subsequently leading to apoptosis. Thus, the loss
of BCL2 function, due to Disarib administration could
lead to the observed cytotoxicity. In contrast, siRNAmediated knockdown of BCL2 will result in a decrease
in the expression of the BCL2 protein and that might
allow other antiapoptotic proteins to take over potential BCL2 function inside cells, preventing cytotoxicity.
Consistent with this, there are reports of cells compensating the downregulation of their main antiapoptotic
protein by the upregulation of another antiapoptotic
protein that is functionally redundant [25]. A similar
mechanism may be operational during downregulation
of BCL2 expression and may explain the observed cell
viability.
In order to further confirm the target specificity of
Disarib, other members of BCL2 family proteins,
MCL1 and BCL2A1, were overexpressed in NALM6
cells (Fig. 4E), and subsequently subjected to Disarib
treatment (5 lM). Interestingly, overexpression of
MCL1 and BCL2A1 did not affect the sensitivity of
cells to Disarib, confirming its BCL2-specific action
(Fig. 4F).
Taken together, these results demonstrate BCL2
dependency of Disarib activity, thereby confirming its
specificity.
Disarib binds to BCL2, but not to other
antiapoptotic BCL2 family proteins
In order to test whether Disarib can bind to BCL2
directly, by occupying the hydrophobic proapoptotic
BH3-binding groove, detailed in silico docking studies
were performed. Using AutoDock Vina [26], Disarib
was docked with full-length BCL2 as well as with
transmembrane-truncated BCL2 (Fig. 5A). The Disarib-binding pocket of BCL2 is defined by residues
D103, F104, Y108, V133, N143, W144, F153, and
V199 (encompassing the region between helices a2,
loop b/w a2 & a3, a5, and a7) along the hydrophobic
groove of BCL2 (Fig. 1B). The aromatic ring A (imidazo[2,1-b][1,3,4]thiadiazole) of Disarib is placed at
the centre of the binding pocket and stacks well with
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A

B

C

Fig. 2. Biophysical characterization of Disarib. (A) NMR spectrum of Disarib, used for elucidating the chemical structure. (B) LC-MS
spectrum of Disarib for evaluating the purity of compound. (C) Chemical structure of 5m (Disarib).
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Fig. 3. Evaluation of cytotoxicity induced by Disarib in various cancer cell lines and its correlation with BCL2 expression. (A) Evaluation of
cytotoxicity following treatment with Disarib (for 48 h) in various cell lines. In case of REH, K562, HEK 293T, CEM and T47D cells,
concentration of 2, 5, 10, and 20 lM of Disarib was used, while in P388D1, A2780, HeLa, LNCaP and Molt4, 1, 2, 5, and 10 lM was
administered and cell death was assayed by trypan blue dye exclusion assay. In case of NALM6, concentration of Disarib used were 0.5, 1,
2, and 5 lM as it was more sensitive compared to other cell lines. Experiments were performed a minimum of three times and graph
shows mean  SEM. (B) Evaluation of cytotoxicity following treatment with Disarib in various cell lines described in panel A and analysis of
endogenous BCL2 expression. Cell viability was determined after 48 h of Disarib (5 lM) treatment. The graph shows mean  SEM (n = 3).
Lower panel shows endogenous levels of BCL2 as determined by western blotting in various cell lines. Experiments were repeated a
minimum of three times and representative blot is presented. Ponceau stained blot was used as a loading control.
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Fig. 4. Knockdown and overexpression studies for BCL2-specific action of Disarib. (A) Western blot showing BCL2 levels in NALM6 cells
following transfection with BCL2 siRNA (0, 50, 100, and 250 nM). The level of BCL2 knockdown is quantified and presented. (B) Bar
diagram showing comparison of Disarib-induced cytotoxicity (48, 72 h) in NALM6 cells following knockdown of BCL2. Cells were
transfected with scrambled siRNA (250 nM) or BCL2 siRNA (250 nM), 24 h prior to treatment with Disarib (0, 2, 5, and 10 lM). Experiments
were repeated (n = 3) and the graph was plotted as  SEM. (C) Western blot showing BCL2 levels in NALM6 cells treated with vehicle
control, BCL2 siRNA or BCL2 siRNA followed by BCL2 overexpression vector. Quantitation showing the levels of BCL2 expression in terms
of relative photostimulated luminiscence (PSL) units is presented in the right panel. Expression level of BCL2 in the vehicle control is
designated as 100%. (D) Bar diagram showing the effect of Disarib (5 lM, 48 h), on the viability of NALM6 cells containing endogenous,
knocked down, and restored levels of BCL2. In all cases, percentage of cell viability is relative to NALM6 cells treated with appropriate
vehicle controls for the same period. In panel d, graph shows mean  SEM (ns: not significant, *P < 0.05, **P < 0.005, ***P < 0.0001). In
each case, experiments were repeated (n = 3). (E) Overexpression profiles of MCL1 and BCL2A1 in NALM6 cells, as tested by RT PCR.
18S rRNA was used as a loading control for cDNA in both the cases. Each experiment was repeated (n = 2), and a quantitation of relative
band intensities of both the genes is presented as a bar graph showing mean  SEM (right panel). (F) Bar diagram depicting the effect of
Disarib (5 lM, 48 h) on cells overexpressing MCL1 and BCL2A1, in addition to transfected control group. In each case, percentage of cell
survival is expressed relative to that in vehicle control cells.

the aromatic ring of F104. One of the nitrogen atoms
of ring A is involved in hydrogen bond interaction
with main chain amino group (-NH-) of the well conserved G145 of BH1 domain, while the other nitrogen
atom engages in hydrogen bond interaction with the
side chain OH group of Y108. The sulfur atom of ring
A is involved in hydrogen bond interaction with Nd2
group of N143 (with Ne and Nd2 group of R146 and
N143, respectively, in truncated BCL2). The Br atom
of ring C engages in hydrogen bond interaction with
OH group of Y202. Ring C is also involved in van der
Waals interaction with highly conserved W144 (ring C
is involved in p–p stacking interaction with indole ring
of W144 in truncated BCL2). R146 of the wellconserved NWGR motif is involved in cation–p interaction with ring B, while the Cl atom of ring B
engages in hydrogen bond interaction with side-chain
amino group of R139 (cation–p interaction involving
side-chain amino group of R146 and ring B in truncated BCL2). Nitrogen and oxygen moieties of ring D
makes hydrogen bond interaction with invariant D103
and R107 of BH3 domain (Fig. 5A).
Furthermore, we compared the interaction of Disarib with BCL2, with that of other members of the
antiapoptotic family, such as BCL-xL, BCL2A1,
MCL1, and BCLw. To examine the interaction of Disarib with BCL-xL, it was docked with crystal structure
of BCL-xL (PDB ID: 1R2D) (Fig. 5B) and studied for
binding. In comparison to BCL2, Disarib binds with
less affinity along the hydrophobic groove of BCL-xL
owing to conformational difference between these two
proteins. It is seen that the hydrophobic groove of
3) than BCL2
BCL-xL exhibits lesser volume (~ 260 A
3
 ) due to difference in length and orientation
(~ 350 A
of helix 3 between the two proteins (data not shown).
This results in a slightly narrow groove in BCL-xL
vis-
a-vis BCL2 (Fig 6A; black ellipse; denoted by cyan
and blue arrows for BCL2 and BCL-xL). Apparently
3414

this disallows Disarib to be placed comfortably in the
binding pocket of BCL-xL due to steric clashes arising
between ring D and ring C of Disarib with residues
R100 and Y195 in BCL-xL. This is not seen in case of
BCL2 due to differential spatial positioning of Arginine residue compared to BCL-xL (R107 vs R100)
(Figs 5B and 6A). As a consequence, hydrogen bond
interaction involving R139 (of highly conserved
NWGR motif), E96, Y101, and p–p interaction involving F97 and Disarib are not feasible in the case of
BCL-xL as opposed to their counterpart in BCL2
(R146, D103, Y108, and F104) (Fig. 5A,B). These features could account for the less binding affinity of Disarib toward BCL-xL vis-
a-vis BCL2. This observation
is corroborated by less binding energy of Disarib in
binding to BCL-xL (5.7 kcalmol1) as compared to
its interaction with BCL2 (10.4 kcalmol1).
To examine the binding specificity of Disarib with
BCL2A1, it was docked with crystal structure of
BCL2A1 (PDB ID: 2VM6) and studied for interaction
(Fig. 5C). In comparison to BCL2, Disarib binds with
less affinity along the hydrophobic groove of BCL2A1,
owing largely to the difference in amino acid composition along the hydrophobic-binding pocket (overall the
two proteins share only ~ 25% sequence identity) and
a conformational difference in the orientation of helix
containing BH3 domain in the two proteins. This
results in less stabilizing interactions in BCL2A1. Crucial interactions involving F104, Y108 with ring A,
R139 with ring B, and R107 with ring D seen in BCL2
are not feasible in BCL2A1. This seemingly renders
Disarib to bind with less affinity to BCL2A1. This is
corroborated by less binding energy (4.5 kcalmol1)
for BCL2A1 vis-
a-vis BCL2 (10.4 kcalmol1).
In addition, we also tested the binding specificity of
Disarib with MCL1, by docking it with the NMR
structure of MCL1 (PDB ID: 2MHS) and studied for
interaction (Fig. 5D). In comparison to BCL2, Disarib
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seemingly binds with less affinity along the hydrophobic groove of MCL1, owing largely to the difference in
amino acid composition along the binding pocket
located between BH1 and BH3 domains in the two
proteins. Interestingly, the two proteins share only
~ 24% sequence identity. Residues from the conserved
NWGR motif viz., side chain of N260 and main chain
amino group (-NH-) of G262 are engaged in hydrogen

BCL2A1

bond interaction with the sulfur and one of the nitrogen atoms of ring A. Ring C is involved in p–p interaction with F319, while chlorine substituent of ring B
forms a weak CH–O interaction with side chain of
V258. Likewise, nitrogen atom of 2-Oxindole ring (ring
D) forms hydrogen bond with side chain of N223.
However, crucial interactions involving F104, Y108
with ring A, R139 with ring B, and R107 with ring D
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seen in BCL2 are not seen in MCL1. These features
account for the less binding affinity of Disarib with
MCL1 and is further reflected by less binding energy
(5.1 kcalmol1) as opposed to BCL2 (10.4
kcalmol1).
To determine the binding specificity of Disarib with
BCLw, it was docked with NMR structure of BCLw
(PDB ID: 1ZY3) and studied for interaction (Fig. 5E).
In comparison to BCL2, Disarib binds with less affinity along the hydrophobic groove of BCLw, owing to
considerable conformational difference (RMSD =
 for 122 Ca atoms) between these two enzymes.
~ 3.1 A
This leads to differential placement of the conserved
residues and results in less stabilizing interactions
between BCLw and Disarib (data not shown). Vital
interactions involving G145, F104, Y108 with ring A,
R139 with ring B, and D103 as well as R107 with ring
D seen in BCL2 are not feasible in BCLw. This seemingly renders Disarib to bind with less affinity to
BCLw (6.0 kcalmol1).
To test whether Disarib can interact with BCL2 or
its paralogs, recombinant BCL2, BCL-xL, and
BCL2A1 proteins were overexpressed and purified
(Fig. 6B–D). In order to confirm the high affinity of
Disarib to BCL2, thermal shift assays [27–30] were
performed using purified BCL2 and its homolog proteins BCL-xL and BCL2A1. Thermal stability of
BCL2 protein was enhanced with an increase in Disarib concentration, which is indicated as an increase in
Tm upon ligand addition (Fig. 6E). However, the
addition of purified BCL-xL or BCL2A1 showed no
significant shift in Tm even at 100 lM Disarib
(Fig. 6F,G; data not shown). This demonstrates that
Disarib binding is exclusive to BCL2 protein and its
observed proapoptotic effect is BCL2 specific. The dissociation constant (Kd) of Disarib for BCL2 was calculated to be 28 nM (Fig. 6E). CD spectroscopic studies
showed that Disarib (10, 50, 75, 100 and 150 nM) can
bind to purified BCL2 in a dose-dependent manner
resulting in conformational changes of BCL2
(Fig. 6H). Comparison of Disarib-binding pattern with
BCL2 and BCL-xL showed a clear shift in the spectrum of BCL2, but not in the case of BCL-xL, indicating direct and specific binding of BCL2 and Disarib
(Fig. 6H,I). When truncated BCL2 protein (terminal
69 amino acids truncation including transmembrane
and a part of BH2 domain) was used, Disarib binding to BCL2 was also observed in a concentrationdependent manner (data not shown). Furthermore,
CD studies showed that similar to BCL-xL, Disarib
failed to bind to the proapoptotic protein, BAK (data
not shown).

3416

Disarib predominantly binds to the BH1 domain
of BCL2
The BCL2 family proteins have well conserved
domains, viz. BH1, BH2, BH3, BH4, and the transmembrane domain. Docking studies with full-length
BCL2 suggested that Disarib interacts with both BH1
and BH3 domains of BCL2, however, the interaction
with BH1 domain was predominant, with several
highly conserved residues contributing in anchoring
the inhibitor. This could explain observed greater
affinity of BCL2 with Disarib compared to other antiapoptotic proteins such as MCL1. Since BH1 domain
in BCL2 seems crucial in binding, it would be interesting to see if other antiapoptotic family members like
MCL1 would also exhibit more sensitivity toward Disarib, if the BH1 domain was swapped with that from
BCL2. To test this, a homolog model of MCL1 with
BH1 domain swapped with that of BCL2 was built
using Modeller 9v7 and docking studies were carried
out.
It is to be noted that the BH1 domain (loopintervening helices a4 & a5, followed by helix a5) of
BCL2 (20 AA) and MCL1 (21 AA) share a sequence
identity of ~ 57% and differ in their structures by ~ 2
 RMSD (19 Ca atoms), with deviation seen largely
A
in the loop region (data shown). Docking studies had
indicated that four highly conserved and one semiconserved residues from the BH1 domain of BCL2 interact with Disarib, while only two highly and one
partially conserved residues of wild-type MCL1 was
observed to interact with Disarib (Fig. 5A,D;
Table 2). When the BH1 domain of MCL1 is
swapped with that of BCL2, two additional strong
interactions with Disarib emerge, involving R263 (well
conserved; a5) and R255 (partially conserved; loop b/
w a4 and a5), besides interactions involving N260
and G262 seen with the wild-type (Fig. 7A, B [left
panels]; Table 2). R255 engages in a strong hydrogen
bond interaction with Cl atom of ring B, while R263
is involved in cation–p interaction with ring B of Disarib (Fig. 7B, left panel). Other interactions involving
residues of BH3 domain and a7 are retained
(Fig. 7A,B left panels). Thus, these additional interactions originating from the BH1 domain (of swapped
BCL2) seem to increase the sensitivity of MCL1
toward Disarib, as reflected in the enhanced binding
a-vis 5.1 kcalmol1
energy of 7.7 kcalmol1 vis-
seen earlier with the wild-type MCL1. It is thus obvious that BCL2 confers preferential binding for Disarib compared to other antiapoptotic proteins with
crucial interactions emerging from its BH1 domain
(Table 2).
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Fig. 5. In silico analyses of Disarib binding to various antiapoptotic family proteins. (A) Interaction between Disarib (pink sticks) and amino
acid residues (green sticks) along the putative binding pocket of BCL2 (both full-length and Dtm domain) (light blue; PDB ID: 1GJH).
Hydrogen bond interactions are depicted as dashes. (B) Docked complex of Disarib and BCL-xL (PDB ID: 1R2D). Note the comparatively
less number of stabilizing interactions between Disarib and BCL-xL (gray cartoon), than Disarib and BCL2 shown in the panel A. Observed
reduced binding affinity may be due to short contacts involving Disarib and R100 and Y195 (red sticks). Equivalent residues that exhibited
interaction with Disarib in BCL2 but not in BCL-xL are shown as gold colored sticks. (C–E). Interaction of Disarib with other antiapoptotic
proteins viz., BCL2A1 (C), MCL1 (D) and BCL-w (E). Residues exhibiting interaction with Disarib are depicted as green sticks. BH1, BH3
domains and helix a7 are indicated.

Furthermore, to establish the domain responsible
for BCL2–Disarib interaction, we resorted to biophysical approaches using BCL2 domain-deleted mutants.

Using site-directed mutagenesis, two independent
BCL2 mutant constructs, BH1 domain deleted (DBH1)
and BH3 deleted (DBH3), were generated. Proteins
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Fig. 6. Analyses of interaction of Disarib with BCL2 and other antiapoptotic proteins BCL-xL and BCL2A1. (A) Top figure shows
superposition of BCL2 (gray) and BCL-xL (light brown) surface diagrams to indicate the difference in putative binding pocket width along the
hydrophobic groove (black ellipse). Widths are indicated by cyan and blue arrows for BCL2 and BCL-xL, respectively. Comparison of docked
complex of Disarib (pink sticks) with BCL2 (gray surface) and with BCL-xL (brown surface) (middle panel). In case of BCL2, conserved Arg
107 adjoining the binding groove is marked. Presence of ring D leads to short contacts with R100 in BCL-xL, whereas it is not so in case of
BCL-2 due to differential spatial presence of Arginine residue in BCL2 vs BCL-xL which is shown as lower panel. (B–D) Overexpression and
purification of various BCL2 family proteins. SDS/PAGE profiles showing eluted fractions of purified proteins, BCL2 (B), BCL-xL (C), BCL2A1
(D). In each case, fractions were loaded onto SDS/PAGE, and visualized using CBB staining. In all cases, the protein band of interest is
denoted by an arrow. ‘M’ indicates marker. In panel C, immunoblot confirmation of BCL2 is also shown. (E–G) Effect of Disarib on the
thermal melting of BCL2 family proteins. A thermal shift of about 5 °C was observed in case of BCL2 with 50 nM to 500 nM Disarib (E).
Only marginal shift in thermal melting was observed for other homologs, BCL-xL (F) and BCL2A1 (G) at high Disarib concentrations. (H) CD
spectra showing changes in the secondary structure of BCL2 (9 lM) upon incubation with 100 nM (left panel) or different concentrations of
Disarib (0, 10, 50, 75, 100, 150 nM) (right panel). The spectra were recorded in the far-UV range between 200–250 nm. (I) CD spectrum
showing changes in the secondary structure of BCL-xL (6 lM) upon incubation with Disarib (0.5 lM).

were overexpressed in bacteria, purified (Fig. 7C,D)
and studied using thermal shift assays (Fig. 7E–G).
Interestingly, we observed that compared to wild-type
purified BCL2 protein, which showed a binding constant of 28 nM upon Disarib interaction (Fig. 7E), the
DBH1 protein showed a Kd of 1.8 lM, which was
~ 67-fold higher than the wild-type BCL2 protein
(Fig. 7F). On the other hand, the binding constant for
DBH3 protein was 537 nM, which was 20-fold higher
than the wild-type BCL2 protein (Fig. 7G). These
results suggested a weak binding of DBH3 protein
compared to the wild-type BCL2, but a less severe loss
in binding efficiency as compared to the BH1 domain
deletion. Overall, our observations establish that BH1
domain of BCL2 predominantly interacts with Disarib, followed by BH3, to a lesser extent. Furthermore, this result gives an experimental correlation
with in silico docking studies where we have demonstrated that BH1 domain provides crucial interface for
Disarib binding to a significantly greater extent than
BH3 domain. More importantly these findings shed
light on a novel mode of BCL2 inhibition, by predominantly targeting the BH1 domain, as opposed to
other BCL2 inhibitors which target mostly BH3
domain of BCL2.
Disarib induces significant cytotoxicity in CLL
patient primary cells and mouse tumor models
Furthermore, we investigated the potential of Disarib
as an anticancer molecule in patient-derived cells ‘high’
for BCL2 levels. Robust expression of BCL2 has been
reported in chronic lymphocytic leukemia (CLL)
patients [31,32]. Primary cells from six patients were
tested for their sensitivity to Disarib. Results showed
initiation of apoptosis in 40% of cells after 4 h of
treatment in a dose-dependent manner (Fig. 8A,B).
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However, the percentage of cells undergoing cell death
varied among patients. Thus, our data suggest that
Disarib can induce apoptosis in primary patient cells.
In order to investigate the efficacy of Disarib in an
in vivo model system, a BCL2-driven mouse tumor
model (Dalton’s Lymphoma) was chosen for the study
[33]. Disarib (10 mgkg1 b.wt.; six doses) was administered via an intraperitoneal route in mice following
induction of DLA tumor. Interestingly, Disarib treatment resulted in significant reduction in tumor progression, as compared to that in the untreated control
(Fig. 9A). Furthermore, a comparative analysis was
performed using previously characterized BCL2 inhibitors (HA 14-1, Gossypol, Epigallocatechin), along with
Disarib in the DLA mouse tumor model (Fig. 9B). An
identical dosage regime was followed in the case of
each inhibitor (10 mgkg1, six doses on alternate
days). Interestingly, among the inhibitors tested, Disarib exhibited highest potential leading maximal tumor
regression, followed by Gossypol [19,20]. Although
HA 14-1 was effective to a limited extent, Epigallocatechin did not result in any significant tumor reduction.
Taken together, these results highlight the potential of
Disarib in hampering tumor cell growth in a mouse
model and its effectiveness, as compared to other
known BCL2 inhibitors (Fig. 9B).
Body weight fluctuation is one of the important
parameters commonly employed for assessing the
adverse effects of a drug on normal physiology. In
order to investigate effect of Disarib on the overall
health of normal animals, mice were treated with Disarib and monitored for change in body weight over a
period of 16 days (Fig. 9C). Interestingly, results
showed no significant change in body weight in Disarib-treated mice, as compared to that of untreated
control group, indicating nontoxic nature of Disarib in
normal mice (Fig. 9C).
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Table 2. Table summarizing the interactions between Disarib and BH1 domain of various antiapoptotic proteins. Amino acid residue number
is with reference to BCL2. Plus (+) and minus () indicate the presence and absence of interactions, respectively. Note the emergence of
two additional strong interactions in MCL1 when its BH1 domain is swapped with that of BCL2 (gray colored box). Amino acid residue
corresponding to BCL2 R139, in wild-type MCL1 (V) and BCL-W (L) that displayed interaction with Disarib is enclosed in bracket for
reference.
Interaction of Disarib with amino acid residues of BH1 domain of different antiapoptotic proteins

Antiapoptotic protein
BCL2
MCL1 (wild)
BCL-xL
BCL2A1
BCLW
MCL1 with BH1 Domain
swapped from BCL2

N 143 (Highly
conserved)

W 144 (Highly
conserved)

G 145 (Highly
conserved)

R146 (Highly
conserved)

R 139 (partially
conserved)

+
+
+

+
+

+






+
+
+
+

+

+


+
+
+

+
+ (V)


+ (L)
+

Disarib activates the apoptotic cascade in cancer
cells
We further investigated the mechanism of cell death
induced by Disarib using various assays. Disaribtreated cells were subjected to Annexin FITC/PI double-staining in order to assess the cell death pathway
activated. Results showed predominant activation of
the apoptotic pathway (Fig. 10A), after 48 h of Disarib treatment, with no significant increase in the
necrotic cell population (Fig. 10A,B). Interestingly,
Disarib-treated cells stained with Hoechst dye showed
significant increase in cells with nuclear condensation,
a hallmark of apoptosis (Fig. 10C). Furthermore, Dalton’s lymphoma cells from mouse tumor ascites were
treated with increasing concentrations of Disarib (0,
10, 20 lM), followed by assessment of characteristic
markers for intrinsic and extrinsic apoptotic pathway.
Interestingly, activated Caspase 9 showed increased
expression in Disarib-treated cells in a concentrationdependent manner as compared to untreated tumor
controls, indicating activation of the intrinsic apoptotic
pathway (Fig. 10D). Cleavage of PARP in Disaribtreated cells reiterated activation of apoptosis
(Fig. 10D). Interestingly, Caspase 8 cleavage was
undetectable in treated samples (Fig. 10D). Taken
together, Disarib activated apoptosis via the intrinsic
pathway, and caused cell death in mouse tumor cells.
Thus, our results identify a novel inhibitor of BCL2,
which acts in a target-specific manner, and does not
cross-react with other members of the antiapoptotic
family (Fig. 11). Disarib predominantly targets the
BH1 domain of BCL2, thus exhibiting a novel mode
of BCL2 inhibition. Results show that it effectively
causes cytotoxicity in cancer cell lines with high BCL2
expression, and in CLL patient cells.

3420

Discussion
In this study, we have identified a novel small molecule
inhibitor of BCL2, Disarib, which effectively acts in a
target-specific manner against various BCL2 high cancer cells. Its cytotoxic property correlates with BCL2
expression as evidenced by knockdown and overexpression studies, further supporting its specificity. Our
studies with CLL patient samples confirm the ability
of Disarib to initiate apoptosis in primary cancer cells.
Further, in vitro studies show a binding selectivity of
Disarib to BCL2 over BCL-xL and BCL2A1.
One of the reasons of Disarib specificity for BCL2
and not to other antiapoptotic BCL2 family members
viz., BCL-xL, BCL2A1 might be due to subtle conformational difference (BCL2 vs BCL-xL) and amino
acid composition variability (BCL2 vs BCL2A1) along
the hydrophobic groove of these proteins. Particularly,
the design of Disarib with branching oxindole ring D
leads to steric clashes in BCL-xL, whereas it is comfortably placed in BCL2 partly due to a spatial difference in the presence of a bulky arginine residue (R107
in BCL2 and R100 in BCL-xL) in these two proteins.
Besides, it was noted that flexibility of Disarib to
interact with W137, R139 (well conserved NWGR
motif), E96, F97, and Y101 are restricted due to
steric contacts with R100 and Y195 in BCL-xL,
whereas their counterparts (R107, Y108, D103, N143,
G145, R146) in BCL2 stabilizes the interaction with
Disarib. Interestingly, ring D is engaged in electrostatic interaction with the invariant arginine (R107)
and aspartic acid (D103) in BCL2, whereas this interaction is not feasible in BCL-xL, thereby contributing
to the specificity (Fig. 5A,B). Small size (less molecular weight) of Disarib compared to ABT199 adds to
its advantage.
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Fig. 7. Evaluation of preferential binding of Disarib to the BH1 domain of BCL2. (A, B) Docked complex of Disarib (pink sticks) with wildtype (A) and domain-swapped (B) MCL1 structures. Schematic representation of the interaction involving only the BH1 domain and Disarib
in their respective states is shown in right panel. Hydrogen bond interaction is depicted as dashed line with arrow head, while cation–p/van
der Waals interaction is shown as dashed line. Note the increase in number of interactions (3?4) arising between BH1 domain of MCL1 in
domain swapped state and Disarib. Interactions emanating from the BH3 domain and helix a7 remain common (N223 and F319) in both
wild-type and domain-swapped structures. Residues exhibiting interaction with Disarib are depicted as green sticks. BH1, BH3 domains and
helix a7 are labeled. (C, D) SDS/PAGE profiles showing eluted fractions of purified proteins, BCL2 with BH1 domain deleted (C) and BCL2
with BH3 domain deleted (D). (E) Net change in Tm of BCL2 protein with increasing concentration of Disarib, as determined by the thermal
shift assay. (F, G) Net change in Tm of two domain deletion constructs of BCL2: DBH1 (F) and DBH3 (G) against increasing concentration of
Disarib.

A major highlight of this study is the ability of Disarib to interact predominantly with BH1 domain of
the BCL2 hydrophobic pocket. In silico docking analyses predict several key residues of the BH1 domain to
be important for Disarib anchoring to BCL2. However, results also suggest residues E96, F97, and Y101

of the BH3 domain to be involved during Disarib–
BCL2 interaction. Interestingly, our biophysical studies
using BH1 and BH3 domain-deleted BCL2 mutants
show a ~ 20-fold decrease in Disarib binding in case
of BH3 domain deletion, while the effect was more
severe (~ 67-fold reduction) upon BH1 domain
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Fig. 8. Evaluation of Disarib-induced cytotoxicty in CLL patient
primary cells. (A) Cells from six (CLL) patients were incubated in
the presence of the indicated concentrations of Disarib for 4 h.
Level of apoptosis was determined using Annexin V-FITC binding
and FACS. Data are presented as % apoptosis observed above the
level of spontaneous apoptosis. (B) The average % apoptosis from
different patients (n = 6) is plotted as a graph showing
mean  SEM.

deletion. The decreased binding of BH1 domain
mutants argue for a predominant involvement of the
BH1 domain for Disarib binding, followed by BH3
domain, to a lesser extent. The observed mode of Disarib binding presents a novel mechanism of BCL2
inhibition, as opposed to the well-studied BH3 domain
only targeting strategies.
Among various BCL2 inhibitors studied, one of the
most impressive examples is the Nur77 peptide [34]
which was described to cause conformational changes
in BCL2, converting it to a proapoptotic protein.
While this mode of inhibition provides conceptual
insight for future drug design, it is yet to be developed as a therapeutic tool. This is true even in the
case of antisense therapy against BCL2, which has
found better use in combinatorial modalities, but has
limitations as a single agent [10]. Although several
small molecule inhibitors, such as ABT737, YC137,
Gossypol, and HA14-1 [14] are described, several of
them are pan active [19] with toxic side effects in vivo.
Gossypol is reported to be toxic to liver, although its
side effects were reduced in its derivative, apogossypol. However, apogossypol is not strictly BCL2
dependent in action [35]. ABT737 by itself, causes
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Fig. 9. Evaluation of effect of Disarib on tumor cell proliferation in
a BCL2-driven mouse tumor model. (A) Graph showing the effect
of Disarib on tumor cell proliferation in mouse. Tumor was
generated using Dalton’s lymphoma (DLA) cells and was treated
with Disarib (10 mgkg1, six doses, alternate day, n = 6, four
batches). Tumor progression was monitored by measuring the
changes in body weight, normalized to the weight fluctuations in
normal mice. (B) Graph showing comparative analysis of tumor
growth inhibition properties of known BCL2 inhibitors, HA 14-1,
Gossypol and Epigallocatechin, along with Disarib (10 mgkg1, six
doses, alternate day, n = 5, two batches). (C) Bar graph showing
body weight measurments of Disarib-treated normal mice (gray
bars) in comparison with those in untreated control group (black
bars) (n = 10 in each case). The graph shows mean  SEM (ns:
not significant, *P < 0.05, **P < 0.005, ***P < 0.0001).
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limited tumor regression in mouse models and has to
be coadministered with other drugs [36], while HA141 was shown to be chemically unstable [37]. Unlike
other inhibitors, ABT199 is very promising and highly
efficient against AML and estrogen-dependent breast
cancers with enhanced target specificity [38–40]. However, a recent study has indicated that normal mature
B cells show acute sensitivity to ABT199 both in vitro
and in vivo [41]. Interestingly, we find that Disarib is
specific to BCL2, predominantly targeting the BH1
domain, while sparing other members of the antiapoptotic family. A notable finding from the current study
is the significant tumor regression property of Disarib
in a BCL2-driven tumor model. Importantly, when
compared with previously characterized BCL2 inhibitors, such as Gossypol, HA 14-1, and Epigallocatechin, Disarib showed higher efficacy, reiterating its
potential to be used as a potential chemotherapeutic
agent.
Thus, Disarib can be developed as a potent anticancer molecule in a target-specific treatment modality,
having reduced or no off-target effects.
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methylimidazo[2,1-b][1,3,4]-thiadiazole (3q), 6-(40 -chlorophen
yl)- 2-methyl imidazo[2,1-b][1,3,4]-thiadiazole-5-carbaldehyde
(4p), 6-(40 -bromophenyl)- 2-methyl imidazo[2,1-b][1,3,4]-thiadiazole-5-carbaldehyde (4q), and 6-(40 -nitrophenyl)-2-methyl
imidazo[2,1-b][1,3,4]-thiadiazole-carbaldehyde (4r) were prepared according to literature [43]. 2-methyl-6-(40 -nitrophenyl)imidazo[2,1-b][1,3,4]-thiadiazole (3r), 2-methyl-6-(40 -methylphenyl)
imidazo[2,1-b][1,3,4]-thiadiazole (3s), and 6-(40 -methoxyphenyl)-2-methyl imidazo[2,1-b][1,3,4]-thiadiazole (3t) were prepared according to literature [44].

General procedure for the preparation of 2-(40 ’substitutedbenzyl-6-(40 substituted phenylimidazo[2,1-b]
[1,3,4]-thiadiazole (3a–3t)
The appropriate 2-amino-5- alkyl/aralkyl-1,3,4-thiadiazole
(1) (30 mmol) was treated with the appropriate phenacyl
bromide (2) (30 mmol), in ethanol (150 mL). The mixture
was refluxed for 10–12 h. Excess of solvent was removed
under reduced pressure and the solid hydrobromide was
separated by filtration, washed with cold ethanol, and
dried. Neutralization of hydrobromide salts with cold aqueous solution of sodium carbonate yielded the corresponding
free base which was filtered with a yield of 52–62%.

Materials and methods
Chemistry
2-Amino-5-alkyl/aralkyl-1,3,4-thiadiazoles (1a–1c) were prepared from alkyl/aralkyl acetic acid and thiosemicarbazide
as described[42]. The 2-(4-substituted benzyl)-6-(4-substitutedaryl)-imidazo[2,1-b][1,3,4]thiadiazole derivatives (3a–3t)
were prepared by reaction of 2-amino-5-alkyl/aralkyl-1,3,
4-thiadiazoles (1a–1c) with the appropriate phenacyl bromide (2), and neutralization with cold aqueous sodium carbonate to get the free base with 50–60% yield (Fig. 1A–C;
Table 3). The various phenacyl bromides were prepared by
bromination of the corresponding ketones in glacial acetic
acid. Appropriate aldehydes (4a–4t) were obtained in turn
by means of the Vilsmeier Haack reaction on the corresponding imidazo[2,1-b][1,3,4]thiadiazoles (3a–3t). The
2-[(2-(4-substitutedbenzyl-6-phenylimidazo[2,1-b][1,3,4]thiadi
azol-5-yl)methylidene]-1,2-dihydro-3H-indol-3-one (5a–5t)
were prepared by reaction between aldehydes (4a–4t) and
2-indolinone in methanol, in the presence of catalytic
amount of piperidine with good yields (Fig. 1C, Table 3).
5-benzyl-1,3,4-thiadiazol-2-amine (1a), 5-(4-chlorobenzyl)1,3,4-thiadiazole (1b), 2-benzyl-6-(40 -fluorophenyl)imidazo
[2,1-b][1,3,4]-thiadiazole (3i), 2-(40 ’-chlorobenzyl)-6-(40 -fluorophenyl)imidazo[2,1-b][1,3,4]-thiadiazole (3n), 2-benzyl-6-(40 fluorophenyl)-imidazo[2,1-b][1,3,4]-thiadiazole-5-carbaldehyde
(4i), and 2-(40 ’-chlorobenzyl)-6-(40 -fluorophenyl)imidazo[2,1b][1,3,4]-thiadiazole-5-carbaldehyde (4n) were prepared
according to literature [42]. 6-(40 -chlorophenyl)-2-methylim
idazo[2,1-b][1,3,4]-thiadiazole (3p), 6-(40 -bromophenyl)-2-

2-benzyl-6-(4-bromophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3a)
Yield 52%. IR mmax (cm1) 3148, 3028, 2910, 1516, 1479,
1397, 1284, 1005. 1H-NMR (CDCl3, 400 MHz) d (ppm):
4.30 (2H, s, -CH2-), 7.31–7.40 (5H, m, ar), 7.52 (2H, d,
J = 8), 7.68 (2H, d, J = 8), 7.96 (1H, s, im). +ESI (m/z):
371.9 (M + 2).

2-benzyl-6-(4-chlorophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3b)
Yield 58% IR mmax cm1 3128, 3062, 3031, 2916, 1524,
1470, 1402, 1092. +ESI (m/z): 326.1 [M + 1].

2-benzyl-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole (3c)
Yield 55%. IR mmax cm1 3133, 3062, 3029, 2960, 1611,
1548, 1489, 1303, 1245, 1095. 1H-NMR (CDCl3, 400 MHz)
d (ppm): 3.84 (3H, s, OCH3), 4.32 (2H, s, -CH2-), 6.97 (2H,
d, J = 8), 7.31–7.41 (5H, m, ar), 7.74 (2H, d, J = 8), 7.88
(1H, s, im). +ESI (m/z): 322.0 (M + 1).

2-benzyl-6-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole (3d)
Yield 54%. IR mmax cm1 3118, 3073, 2973, 1604, 1477,
1259, 1197, 1059. 1H-NMR (DMSO-d6, 400 MHz) d
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Fig. 10. Investigation of the mode of Disarib-induced cell death. (A) Annexin V-FITC and PI double-staining for evaluation of the mode of
cytotoxicity induced by Disarib. Molt4 cells treated with Disarib (1, 2, and 5 lM, 48 h), stained with Annexin V-FITC and PI, and subjected to
flow cytometry analyses. Lower left quadrant shows cells negative for Annexin V-FITC/PI staining, the lower right quadrant for only Annexin
V-FITC staining (early apoptotic cells), upper left quadrant for PI positive cells (necrosis), and upper right quadrant for both Annexin V-FITC
and PI-positive cells (late apoptosis). (B) Bar graphs depicting quantitation of necrotic, early apoptotic and late apoptotic cell populations (left
panel) and combined quantitation of apoptotic cells (right panel). Each experiment was repeated (n = 3), and the bar graphs plotted
mean  SEM. (ns: not significant, *P < 0.05, **P < 0.005, ***P < 0.0001). (C) Representative microscopic images depicting Hoechststained Molt4 cells, following Disarib treatment, along with an untreated control (10X). Individual nuclear morphology is boxed and enlarged
for each concentration and presented in the lower panel. Arrows depict condensed and fragmented nuclei. Quantitation of number of Molt4
cells showing nuclear condensation post Disarib treatment (1 and 2 lM, 48 h), as compared to an untreated control is presented as a table
in the lower panel. (D) Panel showing western blot analysis for apoptotic markers Caspase 9, PARP and Caspase 8, for DLA tumor cells
treated with increasing concentrations of Disarib (0, 10, 20 lM). Unlike above panels, the Disarib concentrations used were higher as the
cells used were from mouse tumor ascitic fluid. Ponceau-stained blot served as loading control. The expected molecular weight position of
each protein is indicated by an arrow. Each experiment was repeated (n = 3), and a representative blot is presented.

Fig. 11. Model illustrating the putative mechanism of action of Disarib in cancer cells. Disarib acts on BCL2 high cancer cells by specifically
binding to and inhibiting BCL2 function, while sparing other antiapoptotic proteins such as BCL-xL, MCL1, BCLw and BCL2A1. It
predominantly targets the BH1 domain of BCL2, thus exhibiting a novel mode of BCL2 inhibition, ultimately leading to cell death.

(ppm): 2.30 (3H, s, CH3), 4.43 (2H, s, -CH2-), 7.20 (2H, d,
J = 8), 7.29–7.41 (5H, m, ar), 7.73 (2H, d, J = 8), 8.55 (1H,
s, im). +ESI (m/z): 306.0 (M + 1).

2-(4-chlorobenzyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole (3e)

4.27 (2H, s, -CH2-), 7.27 (2H, d, J = 8), 7.35–7.38 (4H, dd,
J = 8, 8), 7.94 (1H, s, im). +ESI (m/z): 360.0 (M).

2-(4-chlorobenzyl)-6-(4-methylphenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3g)

Yield 53%. IR mmax cm 3100, 3068, 2910, 1604, 1528,
1483, 1435, 1193, 1020. 1H-NMR (CDCl3, 400 MHz) d
(ppm): 4.27 (2H, s, -CH2-), 7.25–7.31 (3H, m, ar), 7.34–
7.42 (4H, m, ar), 7.80 (2H, d, J = 8), 7.97 (1H, s, im).

Yield 54%. IR mmax cm1 3143, 3055, 2927, 2861, 1528,
1476, 1403, 1092. 1H-NMR (CDCl3, 400 MHz) d (ppm):
2.37 (3H, s, -CH3), 4.26 (2H, s, -CH2-), 7.22 (2H, d, J = 8),
7.27 (2H, d, J = 8), 7.36 (2H, d, J = 8), 7.69 (2H, d, J = 8),
7.92 (1H, s, im). +ESI (m/z): 340.0 (M).

2-(4-chlorobenzyl)-6-(4-chlorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3f)

2-(4-chlorobenzyl)-6-(4 methoxyphenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3h)

Yield 58%. IR mmax cm1 3147, 3057, 2945, 2860, 1531,
1485, 1410, 1089. 1H-NMR (CDCl3, 400 MHz) d (ppm):

Yield 52%. IR mmax cm1 3146, 3040, 2939, 2842, 1609,
1537, 1482, 1252, 1025. 1H-NMR (CDCl3, 400 MHz) d

1
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Table 3. Table showing the chemical and physical characterization of reaction intermediates during the synthesis of potential BCL2
inhibitors. Compound series 3a-3o and 4a-4o, 4s, 4t are the intermediates formed during the synthesis of compounds described in Fig. 1C.
Compound characteristics such as alkyl group substitutions, molecular weight (Mol Wt), molecular formula (Mol For), and melting points
(MP) are listed.
Structure

R
S
N
N

N

R

1

3a-3o

R
S
N
N

R

N

1

O

4a-4o, 4s, 4t

Code No

R

R0

Mol Wt

Mol For

MP (˚C)

3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3l
3m
3n
3o
4a
4b
4c
4d
4e
4f
4g
4h
4i
4j
4k
4l
4m
4n
4o
4s
4t

Benzyl
Benzyl
Benzyl
Benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
Benzyl
Benzyl
Benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
Benzyl
Benzyl
Benzyl
Benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
Benzyl
Benzyl
Benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
CH3
CH3

4-Br-phenyl
4-Cl-phenyl
4-OCH3-phenyl
4-CH3-phenyl
Phenyl
4-Cl-phenyl
4-CH3-phenyl
4-OCH3-phenyl
4-F-phenyl
Phenyl
4-NO2-phenyl
4-NO2-phenyl
4-Br-phenyl
4-F-phenyl
2H-chromen-2-one
4-Br-phenyl
4-Cl-phenyl
4-OCH3-phenyl
4-CH3-phenyl
Phenyl
4-Cl-phenyl
4-CH3-phenyl
4-OCH3-phenyl
4-F-phenyl
Phenyl
4-NO2-phenyl
4-NO2-phenyl
4-Br-phenyl
4-F-phenyl
2H-chromen-2-one
4-CH3-phenyl
4-OCH3-phenyl

370.27
325.82
321.40
305.40
325.82
360.27
339.85
355.85
309.37
291.38
336.37
370.82
404.72
343.81
393.85
398.28
353.83
349.41
333.41
353.83
388.28
367.86
383.86
337.38
319.39
364.39
398.83
432.73
371.82
421.87
257.31
273.31

C17H12BrN3S
C17H12ClN3S
C18H15N3OS
C18H15N3OS
C17H12ClN3S
C17H11Cl2N3S
C18H14ClN3S
C18H14ClN3OS
C17H12FN3S
C17H13N3S
C17H12N4O2S
C17H11ClN4O2S
C17H11BrClN3S
C17H11FClN3S
C20H12ClN3O2S
C18H12BrN3OS
C18H12ClN3OS
C19H15N3O2S
C19H15N3OS
C18H12ClN3OS
C18H11Cl2N3OS
C19H14ClN3OS
C19H14ClN3O2S
C18H12FN3OS
C18H13N3OS
C18H12N4O3S
C18H11ClN4O3S
C18H11ClBrN3OS
C18H11ClFN3OS
C21H12ClN3O3S
C13H11N3OS
C13H11N3O2S

170–172
163–165
180–182
160–162
193–195
178–179
178–181
174–176
152–155
163–165
219–222
195–198
164–165
167–170
202–205
126–128
183–185
160–162
107–108
119–121
118–120
83–85
101–104
112–114
145–147
136–138
157–159
129–131
138–140
130–133
130–132
50–52

(ppm): 3.84 (3H, s, OCH3), 4.26 (2H, s, -CH2-), 6.96 (2H,
d, J = 8), 7.27 (2H, d, J = 8), 7.36 (2H, d, J = 8), 7.73 (2H,
d, J = 8), 7.88 (1H, s, im). +ESI (m/z): 356.0 (M).

2-benzyl-6-(4-fluorophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3i)
Yield 51%. IR mmax cm1 3136, 3065, 2923, 1598, 1545,
1524, 1470, 1222, 1156, 1055. +ESI (m/z): 310.1 [M + 1].

2-benzyl-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3k)
Yield 60%. IR mmax cm1 3129, 2925, 2827, 1598, 1508,
1337, 1189, 1101, 1062. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.46 (2H, s, -CH2-), 7.29–7.42 (5H, m, ar), 8.10
(2H, d, J = 8), 8.27 (2H, d, J = 8), 8.92 (1H, s, im). +ESI
(m/z): 337.0 (M + 1).

2-benzyl-6-phenylimidazo[2,1-b][1,3,4]-thiadiazole (3j)

2-(4-chlorobenzyl)-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3l)

Yield 50%. IR mmax cm1 3130, 3061, 2920, 1601, 1540,
1520, 1472, 1225, 1151, 1049. 1H-NMR (CDCl3, 400 MHz)
d (ppm): 4.30 (2H, s, -CH2-), 7.27–7.42 (8H, m, ar), 7.78–
7.81 (2H, m, ar), 7.96 (1H, s, im). +ESI (m/z): 292.2
(M + 1).

Yield 53%. IR mmax cm1 3130, 2925, 1598, 1503, 1414,
1185, 1098, 1017. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.47 (2H, s, -CH2-), 7.44 (4H, s, ar), 8.09 (2H, d,
J = 8), 8.26 (2H, d, J = 8), 8.91 (1H, s, im). -ESI (m/z):
369.0 (M  1).
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2-(4-chlorobenzyl)-6-(4-bromophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3m)

2-benzyl-6-(4-chlorophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4b)

Yield 55%. IR mmax cm1 3149, 3055, 2927, 1590, 1528,
1082, 1007. 1H-NMR (CDCl3, 400 MHz) d (ppm): 4.27
(2H, s, -CH2-), 7.27 (2H, d, J = 8), 7.37 (2H, d, J = 8),
7.53 (2H, d, J = 8), 7.68 (2H, d, J = 8), 7.96 (1H, s, im).
+ESI (m/z): 405.9 (M + 1).

Yield 51%. IR mmax cm1 3077, 3028, 2930, 1672, 1626, 1483,
1191, 1092. 1H-NMR (CDCl3, 400 MHz) d (ppm): 4.45 (2H,
s, -CH2-), 7.34–7.41 (5H, m, ar), 7.49 (2H, d, J = 8), 7.82 (2H,
d, J = 8), 10.06 (1H, s, -CHO). +ESI (m/z): 356.1 [M + 2].

2-(4-chlorobenzyl)-6-(4-fluorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3n)
Yield 56%. IR mmax cm1 3140, 3116, 3042, 2918, 1537,
1482, 1412, 1227, 1148, 1092. 1H-NMR (DMSO-d6,
400 MHz) d (ppm): 4.45 (2H, s, -CH2-), 7.20–7.24 (2H, m,
ar), 7.48 (4H, s, ar), 7.84–7.88 (2H, m, ar), 8.61 (1H, s, im).
+ESI (m/z): 344.0 (M).

3(2-(4-chlorobenzyl)imidazo[2,1-b][1,3,4]thiadiazol-6-yl)2H-chromen-2-one (3o)
Yield 51%. IR mmax cm1 3145, 3045, 2973, 1729, 1609,
1484, 1102. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.48
(2H, s, -CH2-), 7.40 (1H, t, J = 16), 7.45 (5H, m, ar), 7.61
(1H, t, J = 16), 7.87 (1H, d, J = 8), 8.56 (1H, s, ar), 8.66
(1H, s, im). -ESI (m/z): 392.0 (M  1).

General procedure for the preparation of [2-(4substituted benzyl-6-(40 -substituted phenylimidazo[2,1-b]
[1,3,4]thiadiazole-5-carbaldehyde] (4a–4t)
The Vilsmeier Haack reagent was prepared at 0–5 °C by
dropping POCl3 (2.3 g, 15 mmol) into a stirred solution of
dimethylformamide (10 mL). The appropriate imidazo[2,1b][1,3,4]thiadiazole 3 (4 mmol) was added slowly to the
Vilsmeier reagent while stirring and cooling was maintained
for 2 h. Further stirring was continued for 6 h at 80–90 °C.
The resulting reaction mixture was poured into 100 mL of
water; the precipitate was filtered, pressed, suspended in
water, and neutralized to pH 7 with cold aqueous solution
of sodium carbonate. The solid was separated by filtration,
washed with water, dried, and crystallized from EtOH with
a yield of 40–55%.

2-benzyl-6-(4-bromophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4a)
Yield 55%. IR mmax cm1 3069, 3025, 2908, 2850, 1683,
1476, 1300, 1119. 1H-NMR (CDCl3, 400 MHz) d (ppm):
4.45 (2H, s, -CH2-), 7.31–7.44 (5H, m, ar), 7.65 (2H, d,
J = 8), 7.76 (2H, d, J = 8), 10.07 (1H, s -CHO). +ESI (m/
z): 400 [M + 2].

2-benzyl-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4c)
Yield 49%. IR mmax cm1 3052, 2998, 2837, 1650, 1491,
1180, 1100. ESI (m/z): 350.1 [M + 1].

2-benzyl-6-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4d)
Yield 51%. IR mmax cm1 3100, 3049, 2926, 2861, 1672,
1480, 1186, 1090. 1H-NMR (CDCl3, 400 MHz) d (ppm):
2.43 (3H, s, -CH3), 4.45 (2H, s, -CH2-), 7.32 (2H, d, J = 8),
7.34–7.41 (4H, m, ar), 7.72 (2H, d, J = 8), 10.02 (1H, s,
-CHO). +ESI (m/z): 334.2 [M + 1].

2-(4-chlorobenzyl)-6-(4-bromophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4e)
Yield 43%. IR mmax cm1 3089, 3031, 2978, 2855, 1670, 1601,
1525, 1492, 1191. 1H-NMR (DMSO-d6, 400 MHz) d (ppm):
4.56 (2H, s, -CH2-), 7.48 (4H, s, ar), 7.49–7.53 (3H, m, ar), 7.92
(2H, d, J = 8), 9.96 (1H, s, -CHO). -ESI (m/z): 352.0 [M  2].

2-(4-chlorobenzyl)-6-(4-chlorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4f)
Yield 46%. IR mmax cm1 3318, 3095, 3043, 2929, 2859,
1672, 1484, 1186, 1094. 1H-NMR (CDCl3, 400 MHz) d
(ppm): 4.42 (2H, s, -CH2-), 7.30 (2H, d, J = 8), 7.39 (2H,
d, J = 8), 7.49 (2H, d, J = 8), 7.84 (2H, d, J = 8), 10.06
(1H, s, -CHO). -ESI (m/z): 386.0 [M  2].

2-(4-chlorobenzyl)-6-(4-methylphenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4g)
Yield 48%. IR mmax cm1 3033, 2922, 2852, 1664, 1486,
1390, 1184, 1096. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 2.36 (3H, s, -CH3), 4.55 (2H, s, -CH2-), 7.32 (2H, d,
J = 8), 7.46 (4H, s, ar), 7.82 (2H, d, J = 8), 9.94 (1H, s, CHO). -ESI (m/z): 366.0 [M  2].

2-(4-chlorobenzyl)-6-(4-methoxyphenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4h)
Yield 44%. IR mmax cm1 3053, 2943, 2839, 1650, 1490,
1388, 1181, 1100. 1H-NMR (DMSO-d6, 400 MHz) d
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(ppm): 3.82 (3H, s, -OCH3), 4.55 (2H, s, -CH2-), 7.07 (2H,
d, J = 8), 7.45 (4H, s, ar), 7.92 (2H, d, J = 8), 9.95 (1H, s,
-CHO).

(2H, s, -CH2-), 7.32–7.36 (2H, m, ar), 7.45 (4H, s, ar), 7.99–8.03
(2H, m, ar), 9.96 (1H, s, -CHO). -ESI (m/z): 370.0 [M  2].

2-(4-chlorobenzyl)-6-(2-oxo-2H-chromen-3-yl)imidazo
[2,1-b][1,3,4]-thiadiazole-5-carbaldehyde (4o)

2-benzyl-6-(4-fluorophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4i)
Yield 46%. IR mmax cm1 3101, 3025, 2977, 2825, 1675,
1601, 1515, 1482, 1192. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.56 (2H, s, -CH2-), 7.32–7.45 (7H, m, ar), 8.01–
8.05 (2H, m, ar), 9.98 (1H, s, -CHO). -ESI (m/z): 336.0
[M  1].

Yield 47%. IR mmax cm1 3050, 2914, 2856, 1722, 1668,
1483, 1368, 1052. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.57 (2H, s, -CH2-), 7.41 (1H, t, J = 16), 7.46 (4H,
s, ar), 7.50 (1H, d, J = 8), 7.69 (1H, t, J = 16), 7.88 (1H, d,
J = 8), 8.51 (1H, s, ar), 9.99 (1H, s, -CHO). -ESI (m/z):
419.9 [M  1].

2-benzyl-6-phenylimidazo[2,1-b][1,3,4]-thiadiazole-5carbaldehyde (4j)

2-methyl-6-(40 -methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4s)

Yield 50%. IR mmax cm1 3083, 3029, 2975, 2852, 1671,
1600, 1519, 1481, 1187. 1H-NMR (CDCl3, 400 MHz) d
(ppm): 4.46 (2H, s, -CH2-), 7.34–7.42 (5H, m, ar), 7.48–
7.53 (3H, m, ar), 7.81–7.83 (2H, m, ar), 10.04 (1H, s, CHO). +ESI (m/z): 320.2 [M + 1].

Yield 52%. IR mmax cm1 3079, 2952, 2859, 1718, 1675,
1480, 1369, 1051.

2-methyl-6-(40 -methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4t)
Yield 55%. IR mmax cm1 3098, 2945, 2871, 1712, 1681,
1478, 1375, 1075.

2-benzyl-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4k)
Yield 45%. IR mmax cm1 3085, 2925, 2851, 1675, 1585,
1483, 1398, 1092. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.45 (2H, s, -CH2-), 7.35–7.44 (5H, m, ar), 8.19
(2H, d, J = 9), 8.33 (2H, d, J = 9), 10.20 (1H, s, -CHO).
+ESI (m/z): 365.2 [M + 1].

2-(4-chlorobenzyl)-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4l)
Yield 44%. IR mmax cm1 3092, 2935, 1670, 1599, 1520,
1343, 1102. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.57
(2H, s, -CH2-), 7.45 (4H, s, ar), 8.26 (2H, d, J = 8), 8.32
(2H, d, J = 8), 10.06 (1H, s, -CHO). -ESI (m/z): 397.0
[M  2].

2-(4-chlorobenzyl)-6-(4-bromophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4m)
Yield 48%. IR mmax cm1 3100, 2995, 1675, 1601, 1525,
1345, 1105. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.55
(2H, s, -CH2-), 7.44 (4H, s, ar), 7.69 (2H, d, J = 8), 7.91
(2H, d, J = 8), 9.97 (1H, s, -CHO). -ESI (m/z): 431.9
[M  1].

General procedure for the preparation of 3-((2-(4substitutedbenzyl-6-(4-substitutedphenyl)imidazo[2,1-b]
[1,3,4]thiadiazol-5-yl) methylidene)-1,3-dihydro-2Hindol-2-ones (5a–5t)
The 2-indolinone (10 mmol) was dissolved in methanol
(100 mL) and treated with appropriate carbaldehyde (4a–
4t) (10 mmol) and piperidine (1 mL). The reaction mixture
was refluxed for 1–5 h (according to a TLC test), cooled,
and concentrated under reduced pressure. The resulting
precipitate was collected by filtration with a yield of 70–
85% and it was purified by recrystallization from ethanol.

3-((2-benzyl-6-(4-bromophenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol-2-one (5a)
Yield 80%. IR 3208, 3095, 3055, 1708, 1613, 1459, 1399,
1202. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.41 (2H,
s, CH2), 6.60–6.69 (2H, m, ar), 6.85 (1H, d, J = 8), 7.16–
7.20 (1H, m, ar), 7.29–7.37 (5H, m, ar), 7.58–7.60 (3H, dm,
J = 8), 7.63 (2H, d, J = 8), 10.65 (1H, s, NH). -ESI (m/z):
515.3 (M  2).

2-(4-chlorobenzyl)-6-(4-fluorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4n)

3-((2-benzyl-6-(4-chlorophenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol-2-one
(5b)

Yield 45%. IR mmax cm1 3053, 2915, 2840, 1653, 1604, 1492,
1388, 1090. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.56

Yield 82%. IR 3187, 3092, 3057, 2962, 1709, 1458, 1400,
1202. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.41

3428

The FEBS Journal 283 (2016) 3408–3437 ª 2016 Federation of European Biochemical Societies

D. Iyer et al.

(2H, s, -CH2-), 6.62 (1H, d, J = 8), 6.66 (1H, t, J = 16),
6.85 (1H, d, J = 8), 7.16–7.20 (1H, m, ar), 7.28–7.38
(5H, m, ar), 7.47 (2H, d, J = 8), 7.58 (1H, s, ar), 7.70
(2H, d, J = 8), 10.65 (1H, s, NH). +ESI (m/z): 467.6
(M + 1).

3-((2-benzyl-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol-2-one
(5c)
Yield 79%. IR 3172, 3091, 2950, 1709, 1611, 1462, 1410,
1210. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 3.84 (3H,
s, OCH3), 4.41 (2H, s, -CH2-), 6.65–6.68 (2H, m, ar), 6.85
(1H, d, J = 8), 7.14–7.19 (2H, m, ar), 7.29–7. 35 (6H, m,
ar), 7.57 (1H, s, =CH-), 7.61–7.63 (1H, m, ar), 7.88–7.89
(1H, m, ar), 10.64 (1H, s, NH). -ESI (m/z): 465.3 (M  1).

3-((2-(4-chlorobenzyl)-6-phenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol-2-one
(5e)
Yield 81%. IR 3226, 3091, 2895, 1703, 1615, 1461, 1209.
1
H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.44 (2H, s,
CH2), 6.62–6.68 (2H, m, ar), 6.86 (1H, d, J = 8), 7.17–7.19
(1H, m, ar), 7.35–7.45 (8H, m, ar), 7.60 (1H, s, =CH-), 7.72
(1H, d, J = 8), 10.65 (1H, s, NH). -ESI (m/z): 469.5
(M  1).

3-((2-(4-chlorobenzyl)-6-(4-chlorophenyl)imidazo[2,1-b]
[1,3,4]thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol2-one (5f)
Yield 83%. IR 3172, 3089, 3037, 2959, 1708, 1612, 1457,
1203. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.40 (2H,
s, -CH2-), 6.65–6.69 (2H, m, ar), 6.85 (1H, d, J = 8), 7.18
(1H, t, J = 16), 7.24 (2H, d, J = 8), 7.28–7.37 (4H, m, ar),
7.56 (1H, s, =CH-), 7.60 (2H, d, J = 8), 10.63 (1H, s, NH).

Identification of a novel inhibitor of BCL2

(ppm): 4.41 (2H, s, -CH2-), 6.62–6.66 (2H, m, ar), 6.84
(1H, d, J = 8), 7.17–7.19 (2H, m, ar), 7.24 (2H, t, J = 16),
7.34–7.36 (4H, m, ar), 7.58 (1H, s, ar), 7.70–7.74 (2H, dd,
J = 8, 8), 10.64 (1H, s, NH).

3-((2-benzyl-6-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl)
mehylidene)-1,3-dihydro-2H-indol-2-one (5j)
Yield 78%. IR 3184, 3068, 2895, 2823, 1702, 1616, 1458,
1335, 1208. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.41
(2H, s, -CH2-), 6.63–6.67 (2H, m, ar), 6.85 (1H, d,
J = 8 Hz), 7.17–7.19 (1H, m, ar), 7.30–7.36 (6H, m, ar),
7.41 (2H, t, J = 16), 7.59 (1H, s, ar), 7.71 (2H, d, J = 8),
10.64 (1H, s, NH). -ESI (m/z): 435.5 (M  1).

3-((2-(4-chlorobenzyl)-6-(4-nitrophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazol-5-yl)methylidene)-1,3-dihydro-2Hindol-2-one (5l)
Yield 81%. IR 3148, 3075, 2835, 1708, 1641, 1606, 1464,
1415, 1342, 1226. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.46 (2H, s, -CH2-), 6.59 (1H, d, J = 8), 6.66 (1H, t,
J = 8), 6.87 (1H, d, J = 8), 7.19 (1H, t, J = 16), 7.36–7.42
(4H, m, ar), 7.64 (1H, s, =CH-), 7.99 (2H, d, J = 8), 8.26
(2H, d, J = 8), 10.71 (1H, s, NH).

3-((2-(4-chlorobenzyl)-6-(4-bromophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazol-5-yl)methylidene)-1,3-dihydro-2Hindol-2-one (5m)
Yield 85%. IR 3144, 3080, 2888, 2821, 1705, 1618, 1487,
1461, 1403, 1209. 1H-NMR (DMSO-d6, 400 MHz) d (ppm):
4.45 (2H, s, -CH2-), 6.62 (1H, d, J = 8), 6.68 (1H, t, J = 16),
6.87 (1H, d, J = 8), 7.20 (1H, t, J = 16), 7.36–7.44 (4H, m,
ar), 7.58 (1H, s, =CH-), 7.63 (2H, d, J = 8), 7.65 (2H, d,
J = 8), 10.67 (1H, s, NH). -ESI (m/z): 549.5 (M  1).

3-((2-(4-chlorobenzyl)-6-tolylimidazo[2,1-b][1,3,4]thiadiazol5-yl) methylidene)-1,3-dihydro-2H-indol-2-one (5g)

3-((2-(4-chlorobenzyl)-6-(4-fluorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazol-5-yl)methylidene)-1,3-dihydro-2Hindol-2-one (5n)

Yield 82%. IR 3168, 3089, 2953, 1703, 1617, 1460, 1414,
1204. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.30 (3H,
s, -CH3), 4.41 (2H, s, -CH2-), 6.62–6.67 (2H, m, ar), 6.85
(1H, d, J = 8), 7.15–7.18 (1H, m, ar), 7.24 (2H, d, J = 8),
7.33–7.42 (4H, m, ar), 7.54 (1H, s, =CH-), 7.60 (2H, d,
J = 8), 10.62 (1H, s, NH). -ESI (m/z): 483.5 (M  1).

Yield 80%. IR 3168, 3092, 2897, 2825, 1704, 1616, 1496,
1462, 1413, 1222. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.45 (2H, s, -CH2-), 6.62 (1H, d, J = 8), 6.67 (1H, t,
J = 16), 6.86 (1H, d, J = 8), 7.19 (1H, t, J = 16), 7.26 (2H,
t, J = 16), 7.36–7.44 (4H, m, ar), 7.59 (1H, s, =CH-), 7.73–
7.76 (2H, m, ar), 10.65 (s, 1H, NH).

3-((2-benzyl-6-(4-fluorophenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)-methylidene)-1,3-dihydro-2H-indol-2-one
(5i)

3-((2-(4-chlorobenzyl)-6-(2-oxo-2H-chromen-3-yl)
imidazo[2,1-b][1,3,4]-thiadiazol-5-yl) methylidene)-1,3dihydro-2H-indol-2-one (5o)

Yield 82%. IR 3252, 3187, 3093, 2897, 2824, 1703, 1614,
1499, 1461, 1413, 1224. 1H-NMR (DMSO-d6, 400 MHz) d

Yield 83%. IR 3136, 3071, 2898, 2836, 1748, 1702, 1618,
1469, 1220. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.47
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(2H, s, -CH2-), 6.61 (2H, d, J = 8), 6.83 (1H, d, J = 8),
7.12–7.16 (1H, m, ar), 7.36–7.43 (6H, dd, J = 8, 8), 7.63
(1H, t, J = 16), 7.75 (1H, s, =CH-), 7.87 (1H, d, J = 8),
8.51 (1H, s, ar), 10.59 (1H, s, NH). -ESI (m/z): 537.7
(M  1).

(3H, s, CH3), 3.75 (3H, s, OCH3), 6.71–6.65 (2H, m, ar),
6.83 (1H, d, J = 8), 6.99 (2H, d, J = 8), 7.14 (1H, t,
J = 16), 7.56 (1H, s, =CH-), 7.64 (2H, d, J = 8), 10.60 (1H,
s, NH). -ESI (m/z): 387.1 (M  1).

Biology
3-([6-(4-chlorophenyl)-2-methylimidazo[2,1-b][1,3,4]
thiadiazol-5-yl] methylidene)-1,3-dihydro-2H-indol-2-one (5p)
Yield 80%. IR 3150, 3066, 2899, 1750, 1700, 1621, 1471,
1221. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.71 (3H,
s, CH3), 6.61 (1H, d, J = 8 Hz), 6.66 (1H, t, J = 16), 6.83
(1H, d, J = 8), 7.15 (1H, t, J = 16), 7.46 (2H, d, J = 8),
7.58 (1H, s, -CH=), 7.69 (2H, d, J = 8), 10.63 (1H, s, NH).
ESI (m/z): 393.1 (M).

3-([6-(4-bromophenyl)-2-methylimidazo[2,1-b][1,3,4]
thiadiazol-5-yl]methylidene)-1,3-dihydro-2H-indol-2-one (5q)
Yield 75%. IR 3126, 3071, 2892, 2830, 1745, 1698, 1618,
1458, 1227. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 1HNMR (DMSO-d6, 400 MHz) d (ppm): 2.71 (3H, s, CH3),
6.61 (1H, d, J = 8), 6.67 (1H, t, J = 16), 6.83 (1H, d,
J = 8), 7.15 (1H, t, J = 16), 7.57 (1H, s, =CH-), 7.59 (2H,
d, J = 8), 7.65 (2H, d, J = 8), 10.64 (1H, s, NH). ESI (m/
z): 437.1 (M).

3-([6-(4-nitrophenyl)-2-methylimidazo[2,1-b][1,3,4]thiadiazol5-yl]methylidene)-1,3-dihydro-2H-indol-2-one (5r)
Yield 78%. IR 3129, 3068, 2895, 2841, 1751, 1706, 1625,
1469, 1224. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.72
(3H, s, CH3), 6.58 (1H, d, J = 8), 6.64 (1H, t, J = 16), 6.84
(1H, d, J = 8), 7.15 (1H, t, J = 16), 7.64 (1H, s, =CH-),
7.97 (2H, d, J = 8), 8.25 (2H, d, J = 8), 10.68 (1H, s, NH).
-ESI (m/z): 402.1 (M  2).

3-([6-(4-methylphenyl)-2-methylimidazo[2,1-b][1,3,4]
thiadiazol-5-yl]methylidene)-1,3-dihydro-2H-indol-2-one (5s)
Yield 81%. IR 3133, 3080, 2899, 2841, 1751, 1709, 1618,
1475, 1223. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.29
(3H, s, CH3), 2.69 (3H, s, CH3), 6.66 (1H, d, J = 8), 6.69
(1H, t, J = 16), 6.83 (1H, d, J = 8), 7.15 (1H, t, J = 16),
7.23 (2H, d, J = 8), 7.56 (1H, s, =CH-), 7.60 (2H, d, J = 8),
10.61 (1H, s, NH). +ESI (m/z): 373.1 (M + 1).

3-([6-(4-methoxyphenyl)-2-methyl imidazo[2,1-b][1,3,4]
thiadiazol-5-yl]methylidene)-1,3-dihydro-2H-indol-2-one
(5t)
Yield 80%. IR 3121, 3065, 2892, 2835, 1747, 1700, 1619,
1465, 1218. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.69
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Enzymes, chemicals, and reagents
Chemical reagents were obtained from Sigma Chemical
Co., (St Louis, MO, USA), Amresco (Fountain Parkway
Solon, OH, USA) and SRL (Andheri (E), Mumbai, India).
DNA-modifying enzymes were from New England Biolabs
(Beverly, MA, USA) and Fermentas (Glen Burnie, MD,
USA). Antibodies were purchased as specified. Culture
media were from Sera Laboratory International Limited
(West Sussex, UK), FBS and PenStrep were from Gibco
BRL (Gaithersburg, MD, USA). HA 14-1, Gossypol, and
Epigallocatechin were purchased from Santa Cruz Biotechnology, Dallas, TX, USA.

Cell lines and culture
K562 (human chronic myelogenous leukemia), T47D (human breast cancer), 293T (human embryonic kidney epithelial cell line), and EAC (mouse breast cancer) were
purchased from National Centre for Cell Science, Pune,
India. A2780 (ovarian cancer) was purchased from ATCC,
USA. CEM (T-cell leukemia), NALM6 (B-cell leukemia),
and REH (B-cell leukemia) were kind gifts from Dr. M.R.
Lieber, USA. HeLa (human cervical carcinoma), P388D1
(mouse lymphoma), LNCaP (human prostate carcinoma),
and Molt4 (T-cell leukemia) were purchased from National
Centre for Cell Science, Pune, India. Cells were cultured in
RPMI 1640 or Dulbecco’s Modified Eagle medium supplemented with 10% FBS, 100 lgmL1 Penicillin, and 100 lg
streptomycinmL1 and incubated at 37 °C in a humidified
atmosphere containing 5% CO2.

Plasmid constructs
Codon-optimized BCL2 cDNA was commercially synthesized for expression in Escherichia coli (Life Technologies,
Carlsbad, CA, USA). Transmembrane-deleted codon optimized BCL2 was amplified using primers SV29 and SV30,
products were digested with BamHI and XhoI, and cloned
into respective sites of pET28a to generate pMS42. DNA
sequence corresponding to the BH1 domain of BCL2 was
deleted by employing site-directed mutagenesis, using primers SV35 and SV36 to generate pMS45. Similarly, pMS46
containing BH3-deleted BCL2 was obtained (using SV37
and SV38 primers). Amplicons were treated with KLD mix
(New England Biolabs) and transformed into E. coli to
generate the constructs. In all cases, sequence of the cloned
amplicon was confirmed by DNA sequencing.
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pMS8 vector, for bacterial overexpression and purification of N-terminal His-tagged BCL2, was generated by
amplifying the BCL2 coding sequence using primers MS50
and MS51. The PCR product, which is a truncated version
of BCL2 (terminal 69 amino acids truncation including
transmembrane and a part of BH2 domain), was gel purified and cloned into NdeI and XhoI site of pET28a+ to
obtain the pMS8 plasmid. The identity of clone was confirmed by restriction digestion followed by sequencing.
Truncated BAK lacking transmembrane domain was
PCR amplified from human cDNA using the primers
SS107 and SS109. The amplified product was cloned into
EcoRI and HindIII sites of pETDuet-1 vector. The resulting clone, pMS27, was used for expression studies following sequence confirmation.
BCL2A1 plasmid was a gift from Nicola Burgess Brown
(Addgene plasmid # 42399). For mammalian expression,
BCL2A1 plasmid was digested using KpnI and EcoRI, and
cloned into pCDNA3-mRFP. BCL-xL plasmid was a gift
from Dr. J. Lakey, UK. pETDuet-1 was a gift from Dr. B
Gopal, India. pCDNA3.1-hMcl-1 was a gift from Roger
Davis (Addgene plasmid # 25375).

Oligomers
Oligomers were designed and synthesized from IDT, USA
and Xcelris, India. Oligomers used in this study were,
SV29, 50 -GGATCCATGGCACATGCAGG-30 ; SV30, 50 -C
TCGAGTTAATCAAACAGCG-30 ; SV35, 50 -ACACATAA
CACCTTCAACAACGGTTGCA-30 ; SV36, 50 -CGTTGTT
GAAGGTGTTATGTGTG-TGGAA-30 ; SV37, 50 -ACGAC
GATAAA-CAGGCGGAACCGGACTC-30 ; SV38, 50 -CCG
CCTGTTTATCGTCGTGATTTTGCA-30 ; MS50, 50 -CAT
ATGATGGCGCACGCTGGGAG-30 ; MS51, 50 -CTCGAG
TCAGGGCGACATCTC-CC-30 ; SS107, 50 -GAATTCATG
GCTTCGGGG-CAAG-30 ; SS109, 50 -AAGCTTATTGCC
CAAGT-TCAG-30 ; SV74, 50 -GTGTCAAAAGTCCCCTC
AGGA-30 ; SV75, 50 -ACACAGCTCACC-TCTTTCTGT-30 ;
SV76, 50 -CTGCAGTG-CGTCCTACAGAT-30 ; SV77, 50 T
TCTGGC-AGTGTCTACGGAC 30 .

In silico docking
The 2D structures of the synthesized compounds were built
and subsequently converted to 3D structures using Discovery studio 2.5 and optimized using steepest descent algorithm available within the same package (Discovery Studio
2.5). Crystal structure of human BCL2 (1GJH) retrieved
from PDB database was used to dock the synthesized compounds with the aid of AutoDock Vina [26]. Input files for
AutoDock Vina were prepared using AutoDock Tools 4.2
that included addition of polar hydrogen atoms and gasteiger charges [45]. Autogrid 4.2 was used to generate the grid
3 with a grid
map. A grid box of size 40 9 40 9 40 A
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 was set to cover the putative binding site
spacing of 0.375 A
of the BCL2. Docking was performed keeping BCL2 fixed
while the inhibitors were allowed to flex. Forty conformations were generated for each inhibitor. All other parameters
were set to default values. PYMOL 1.7 was used to visualize
the results obtained by Vina. Conformation pertaining to
lowest binding energy was chosen for further studies. MCL1
structure in which BH1 domain is swapped with that of
BCL2 was modeled (2MHS; 4OQ6; 1WSX; 1GJH as templates) using MODELER 9v7 available within the Discovery
studio 2.5 package. Subsequently, the model was energyminimized using Sander module of AMBER 14.0 (ff14SB)
[46], AMBER 14, University of California, San Francisco).
Superposition of wild-type MCL1 and BH1 domain (data
swapped MCL1 model displayed a RMSD of ~ 0.4 A
not shown). Interaction between various BCL2 family proteins and Disarib was deciphered using the graphical interface of insight II3 on an O2 sgi workstation. Figures were
prepared using PYMOL (http://www.pymol.org).

Trypan blue exclusion assay
Cell viability after treatment with the potential BCL2 inhibitors was assayed using trypan blue exclusion assay
[47,48]. Briefly, the compounds (10, 50, 100, and 250 lM)
were added to the cells (NALM6, K562, and CEM) and
were harvested at 48 h post treatment. Number of viable
cells was ascertained by mixing cells with equal volume of
0.4% trypan blue stain (Sigma Chemical Co.). The cells
were then counted using a hemocytometer and the cell
number was plotted against time period of cell growth.
Data from the 48-h time point was used for calculating the
IC50 value of individual compound from selected cell lines.
In experiments wherein cytotoxicity induced by Disarib
was compared in REH, K562, NALM6, 293T, CEM, and
T47D, cells were treated with 2, 5, 10, and 20 lM of Disarib. DMSO-treated cells served as the vehicle control. Cell
viability was assayed after 48 and 72 h of the compound
treatment by trypan blue assay. Results shown are derived
from a minimum of three independent experiments.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay
In order to measure cell proliferation after treatment with
the compounds, the cultured cells (NALM6, K562, and
CEM; 25 000 cellsmL1) were treated with different concentrations (10, 50, 100, and 250 lM) of the compounds.
Equal volume of cells (100 lL) were collected at the end of
48 h and 72 h and incubated with MTT reagent (Sigma
Chemical Co) at 5 mgmL1 concentration (at 37 °C for
2 h) as described [49,50]. Change in the intensity of color
was measured at 570 nm. IC50 values were calculated using
data from 48-h time points.
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Knockdown and overexpression of BCL2
NALM6 cells resuspended in serum-free medium were
transfected with BCL2 siRNA (50, 100, and 250 nM; Cat.
No. S100299397; Qiagen, Hilden, Germany) using oligofectamine (Invitrogen, Carlsbad, CA, USA), following the
manufacturer’s instructions. The cells were grown in serumfree medium for 6 h, after which the culture was supplemented with 10% FBS. The cells were then harvested, lysed
in RIPA buffer and the lysates were checked by
immunoblotting for BCL2 expression levels. For experiments in which cells were treated with Disarib, NALM6
cells were treated with either 250 nM BCL2 siRNA or
250 nM scrambled siRNA (Cat. No. D-001210-01-05; Dharmacon, Lafayette, CO, USA). The cells were grown in
serum-free medium for 6 h, then supplemented with 10%
FBS and allowed to grow for 24 h and exposed to Disarib
(5 and 10 lM). The cell viability was determined by trypan
blue assay as described above.
For restoration of BCL2 expression following knock
down by siRNA, NALM6 cells were transfected with 25 lg
of BCL2 overexpression vector (BCL2-PCMV SPORT)
using lipofectamine (Invitrogen) as per manufacturer’s protocol. After 6 h of growth in serum-free medium, the cells
were supplemented with 10% FBS and were grown for an
additional 24 h before treatment with Disarib (5 lM). Cytotoxicity assays to measure cell viability were carried out
after 48 h of compound treatment. Overexpression of
MCL1 and BCL2A1 was performed using polyethylimine
method of transfection in NALM6 cells. In brief, ~ 5 lakh
cells were transfected with 5 lg of plasmid (pCDNA3.1hMcl-1 for MCL1 and pMH1 for BCL2A1) and 10 lg
PEI, and mixed in OptiMEM medium (GIBCO, Gaithersburg, MD, USA). The solution was then added to the cells,
and incubated at 37 °C for a period of 48 h. Cells were
harvested, RNA was isolated, and cDNA was prepared
subsequently as described [48]. The cDNA was then subjected to RT-PCR analysis using specific primers against
MCL1 and BCL2A1 genes.

Evaluation of effect of Disarib on primary cells derived
from chronic lymphocytic leukemic patients
The use of primary CLL cells from consenting patients had
approval from the Liverpool Research Ethics Committee.
The cytotoxicity of Disarib against primary leukemic samples was assayed as described earlier [51]. Briefly, six
chronic lymphocytic leukemia (CLL) patient samples were
incubated with Disarib (0, 1, 3, and 10 lM) for 4 h after
which the cells were collected and assayed for initiation of
apoptosis by Annexin V FITC binding and FACS assessment. Data from multiple experiments is represented as %
apoptosis observed above levels of spontaneous apoptosis
in DMSO-treated controls. Error bars indicate
mean  SEM.
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Overexpression and purification of BCL2 (wild-type and
mutants), BAK, BCL-xL, and BCL2A1
The transmembrane-deleted versions of BCL2, BCL-xL,
BAK, BCL2, BCL2 (delta-BH1), BCL2 (delta-BH3), and
BCL2A1 were overexpressed in E. coli, BL21 pLysS. For
purification of wild-type BCL2 protein (variant 2 [52]), cells
transformed with pMS42 were cultured in LB medium (1L)
containing ampicillin (100 lgmL1) and chloramphenicol
(34 lgmL1). A transmembrane-deleted version was used,
to facilitate the BCL2 purification. The cells were induced
with 1 mM IPTG overnight at 16 °C, harvested, and resuspended in lysis buffer (20 mM Tris-HCl [pH 8.0], 50 mM
NaCl, 5% glycerol, 1% Triton X-100, and 1 mM PMSF).
The cells were then sonicated, centrifuged, and clarified, the
extract was then loaded onto Ni-nitrilotriacetic acid column
(Novagen, Madison, WI, USA). Protein was eluted with
increasing concentration of imidazole (100–400 mM). Fractions were analyzed on a 12% SDS/PAGE followed by
CBB staining. BCL2-enriched fractions were pooled and
dialyzed against dialysis buffer (PBS containing 0.05% Triton X-100, 1 mM beta-mercaptoethanol, 5% glycerol, and
0.1 mM PMSF) overnight at 4 °C. The dialyzed fraction
was loaded onto an anion exchange column Uno-sphere Q
(BioRad, Hercules, CA, USA), and the protein was eluted
in buffer containing 50 mM Tris-HCl (pH 8.0), 250 mM
NaCl, 5 mM DTT, 0.1% Triton X-100, 5% glycerol, and
1 mM PMSF, with increasing concentration of NaCl (150–
300 mM). Fractions were analyzed on a 12% SDS PAGE
followed by CBB staining and those containing nearly
homogenous BCL2 were pooled and stored at 80 °C. Purity and identity of the protein was confirmed by silver
staining and immunoblotting.
For BCL2 (delta-BH1) and BCL2 (delta-BH3), bacterial
cells transformed with pMS45 and pMS46, respectively,
were cultured in LB medium containing ampicillin
(100 lgmL1) and chloramphenicol (34 lgmL1). Both
the proteins were overexpressed and purified as described
above.
For purification of truncated version of BCL2, pMS8
was cultured in LB medium (1 L) in the presence of appropriate antibiotics. The cells were induced with 0.5 mM
IPTG overnight at 16 °C, harvested, resuspended in lysis
buffer (50 mM Tris-HCl [pH 8.0], 50 mM NaCl, 5% glycerol, 1% Triton X-100 and 1 mM PMSF) and sonicated.
The clarified lysate was loaded onto Ni-nitrilotriacetic acid
column (Novagen) and protein was eluted according to
manufacturer’s instructions. Fractions were analyzed on
12% SDS/PAGE and BCL2-enriched fractions were pooled
and loaded onto UNO sphere Q anion exchange column
(BioRad). Proteins were eluted with an increasing gradient
of NaCl (200–500 mM) and analyzed. Fractions of interest
were further pooled and loaded onto a size exclusion column, Biogel P100 (BioRad). Protein elution was done with
a buffer containing 50 mM Tris-HCl (pH 8.0), 250 mM
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NaCl, 5 mM DTT, 0.1% Triton X-100, 5% glycerol and
1 mM PMSF, and analyzed on a SDS/PAGE by silver
staining. The fractions nearly homogenous for BCL2 were
pooled, aliquoted, and stored at 80 °C. Identity and purity of the protein was confirmed by silver staining and
immunoblotting.
BCL-xL was overexpressed and purified using the vector
pTOLT-BCL-XL as described earlier [53]. Briefly, the plasmid was transformed into E. coli, BL21 pLysS and cultured
in
LB
medium
(100 mL)
containing
ampicillin
(100 lgmL1). The culture was induced with 0.5 mM IPTG
at 37 °C for 3 h. The bacteria were lysed in 20 mM sodium
phosphate buffer (pH 8) containing 300 mM NaCl and
1 mM PMSF. The lysate was clarified and BCL-xL was
purified using Ni-nitrilotriacetic acid chromatography as
described above. BCL-xL containing fractions were pooled
and dialyzed against storage buffer (50 mM sodium phosphate buffer [pH 8.0], 300 mM NaCl, 1 mM PMSF, 10%
glycerol) and aliquots were stored at 80 °C.
For purification of BAK, pMS27 was transformed into
E. coli BL21 pLysS, grown in LB medium (1 L) containing
ampicillin (100 lgmL1), induced with 0.5 mM IPTG at
16 °C for 18 h. Protein was purified using a Ni-nitrilotriacetic
acid column as described for BCL2. Elution was performed
with a step gradient using 60–800 mM imidazole and the fractions were analyzed on 12% SDS/PAGE followed by silver
staining. BAK containing fractions were pooled and subjected to anion exchange chromatography as described above.
Eluted fractions were analyzed by silver staining and fractions
with 90% homogeneity of the BAK (250 mM NaCl) were dialyzed (20 mM Tris-HCl [pH 8.0], 300 mM NaCl, 1 mM PMSF,
and 10% glycerol) and stored as aliquots at 80 °C.
For BCL2A1 purification, E. coli BL21 cells were cultured in LB medium containing ampicillin (100 lglL1).
The cells were induced using 1 mM IPTG overnight at
16 °C, harvested, and resuspended in lysis buffer (20 mM
Tris-HCl [pH 8.0], 50 mM NaCl, 5% glycerol, 1% Triton
X-100 and 1 mM PMSF). The cells were then sonicated and
the clarified lysate was loaded onto Ni-nitrilotriacetic acid
column (Novagen), and the protein was eluted with increasing concentration of imidazole (100–400 mM). Fractions
were analyzed on a 12% SDS PAGE by CBB staining, and
BCL2A1-enriched fractions were pooled and dialyzed
against dialysis buffer (PBS containing 0.05% Triton X100, 1 mM beta-mercaptoethanol, 5% glycerol, and 0.1 mM
PMSF) overnight at 4 °C and stored at 80 °C, until use.

Circular dichroism
Circular dichroism (CD) studies were done using purified
recombinant BCL2 and BCL-xL in the presence of Disarib,
to assess binding as described [54]. The purified proteins
(9 lM) were subjected to CD following dilution in PBS and
the spectrum was recorded between wavelengths 200 and
250 nm (five cycles, scan speed of 50 nms1 at 4 °C) in a
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JASCO J-810 spectropolarimeter. A titration of Disarib
was performed with BCL2 at 10, 50, 75, 100, and 150 nM
concentrations. Comparative studies of binding were done
with 0.5 lM Disarib and BCL2 (9 lM), BCL2 truncated
version (6 lM), BAK (8 lM) and BCL-xL (6 lM) under the
given conditions. Spectra resulting from buffer alone and
buffer containing DMSO equivalent to the inhibitor volumes were subtracted from the protein spectra.

Fluorescence-based thermal shift assay
A fluorescence microplate reader (iQ5, BioRad iCycler
Multicolor Real-Time PCR detection system) was used to
monitor protein unfolding as a function of temperature.
The detection involves increase in fluorescence of a fluorophore SYPRO Orange (S5692; Sigma Chemical Co) upon
binding to the hydrophobic regions of the gradually
unfolded protein. Protein samples (1 lM) were mixed with
HEPES buffer (10 mM, pH 7.4) consisting of 19 SYPRO
orange dye and appropriate concentrations of ligand over
the range of several folds, and were incubated in 96-well
PCR microplates (BioRad) in the RT-PCR device [27,28].
Ligand concentrations were varied between 5 nM to
100 lM and the concentration of DMSO was kept constant
at 2% throughout the screens. Samples were heated at
0.5 °C per minute, ranging from 10 to 95 °C and the fluorescence intensity was measured at interval of 0.5 °C [27].
Cy5 filter with red-orange color intensity was selected for
the SYPRO Orange detection. All the experiments were
done in triplicates and the average (or best two) was considered during the analysis. Appropriate buffer blanks were
subtracted for the same in each set.
Fluorescence intensities were plotted as a function of
temperature using GRAPHPAD PRISM software and the melting
temperature of protein was determined for individual
ligand concentrations (using sigmoidal dose–response function of GraphPad). The net change in Tm was then plotted
against increasing ligand concentration. The dissociation
constants were determined by analyzing the data under
nonlinear regression (curve fit) model (least square ordinary
fit) using the Binding Saturation ‘one site-specific binding’
function.

Immunoblotting
Immunobloting was performed with 40 lg of NALM6 cell
lysates or as specified [55,56]. The cell lysates were resolved
on 8–12% SDS PAGE gels and transferred onto PVDF
membrane (Millipore, Darmstadt, Germany). The blots were
blocked with 5% skim milk in 0.1% PBST and incubated
with primary antibodies- BCL2, TUBULIN, Caspase 8
(Santa Cruz Biotechnology), activated Caspase 3, and activated Caspase 9 (Cell Signalling Technlology, Danvers, MA,
USA). After incubation with appropriate secondary antibodies (1 : 10 000 in 0.1% PBST; Santa Cruz Biotechnology),
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the blots were developed using enhanced chemilumniscence
substrate (Immobilon TM western; Millipore) and the images
were captured by LAS 3000 (FUJI, Tokyo, Japan) gel documentation system. Lysates prepared for experiments involving coimmunoprecipitation (nondenaturing method), BCL2
knockdown, overexpression, and to check the expression of
different proteins in different cell lines (RIPA buffer method)
were analyzed in a similar manner. For recombinant protein
validation and purified protein coimmunoprecipitation
experiments, 2.5 lg protein was analyzed under similar conditions.

Annexin-FITC/propidium iodide (PI) staining
To check the mode of cell death induced by the Disarib,
annexin-FITC/PI staining was carried out as described previously [57,58]. Briefly, Molt4 cells (0.25 9 105 cells) were treated with Disarib (0, 1, 2, and 5 lM) for 48 h. DMSO-treated
cells were used as control. Cells were processed, stained with
annexin-FITC/PI, and subjected to FACS analysis. Results
were analyzed in FLOWING software (version2.5; Cell Imaging
Core, Turku Centre for Biotechnology, Turku, Finland) with
minimum of 10 000 cells and plotted as dot plots. Cells
which were positive for annexin-FITC/PI staining were calculated and presented as bar diagram with error bars.

Hoechst staining
Molt4 cells were assessed for nuclear condensation following Disarib treatment (1 and 2 lM, 48 h) following staining
with Hoechst (Hoechst 33342, 1 lM). Images were captured
using Zeiss Apotome Microscope (Zeiss, Oberkochen, Germany) under 109 and 409 magnification. ~ 300–500 cells
were analyzed from each group and the quantitation represented as a table showing percentage condensed cells in
each group.

Animal experiments
Animals
Swiss albino mice (4–8 weeks old, female), were purchased
from the central animal facility, Indian Institute of Science,
Bangalore, India and were maintained as per the guidelines
of the animal ethical committee in accordance with Indian
National Law on animal care and use. The animals were
housed in polypropylene cages and provided standard pellet
diet (Agro Corporation Pvt. Ltd., Bangalore, India) and
water ad libitum. The standard pellet diet is composed of
21% protein, 5% lipids, 4% crude fiber, 8% ash, 1% calcium, 0.6% phosphorus, 3.4% glucose, 2% vitamin, and
55% nitrogen-free extract (carbohydrates). The animals
were maintained under controlled conditions of temperature and humidity with a 12 h light/dark cycle.
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DLA tumor mouse model
Dalton lymphoma ascitic (DLA) cells were used for
developing DLA liquid tumor in Swiss albino mice
[33,47,48]. Animals were given intraperitoneal injection of
DLA cells (0.25 9 106 cells per mouse) for developing
DLA liquid tumor. The mice were then randomly segregated into five groups of which one group served as the
tumor control (n = 8) and received only the methyl cellulose solution where the compounds were dissolved, while
the other groups (in each case n = 8) were given
intraperitoneal Disarib/Gossypol/Epigallocatechin/HA14-1
(10 mgkg1) administration. The first dose of treatment
was given on the day of DLA injection, and a total of
six doses were administered every alternate day in all the
cases. Tumor progression was measured by monitoring
the body weight of the animals over a period of 20 days
and data obtained are presented with error bars. Furthermore, body weight measurements were recorded in Disarib-treated mice (10 mgkg1, every alternate day), and
compared with those in untreated control group (n = 10
in each group).

Statistical analysis
For each experiment, Student’s t-test (two tailed), using
GRAPHPAD PRISM (Version 5.1; San Diego, CA, USA), was
employed to calculate the statistical significance of the
results reported. Values with P-value less than 0.05 were
considered
significant.
Values
are
presented
as
mean  SEM.
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a b s t r a c t
Antiapoptotic protein BCL2, serves as an excellent target for anticancer therapy owing to its increased
level in cancers. Previously, we have described characterization of a novel BCL2 inhibitor, Disarib, which
showed selective cytotoxicity in BCL2 ‘high’ cancer cells and CLL patient cells. Here, we have investigated
the mechanism of Disarib-induced cytotoxicity, and compared its efficacy with a well-established BCL2
inhibitor, ABT199. We show that Disarib administration caused tumor regression in mouse allograft
and xenograft models, exhibited platelet sparing property and did not exhibit significant side effects.
Importantly, comparison between Disarib and ABT199, revealed higher efficacy for Disarib in mouse
tumor model and cancer cell lines. Disarib induced cell death by activating intrinsic apoptotic pathway.
Interestingly, Disarib showed synergism with paclitaxel, suggesting its potential for combination therapy.
Thus, we provide mechanistic insights into the cell death pathways induced by Disarib, report that
Disarib exhibited better effect than currently used ABT199 and demonstrate its combinatorial potential
with paclitaxel.
Ó 2016 Elsevier Inc. All rights reserved.

1. Introduction
Among various chemotherapeutic treatment modalities
employed currently, targeted anticancer treatment (TAT) is gaining
significant importance [1–4]. TAT involves administration of drugs
which can target a specific protein/process inside the cell, subsequently killing the cancer cells, while sparing their normal counterpart. In order to achieve this, a systematic pipeline has been
developed, wherein proteins/pathways specifically deregulated in
cancer cells are targeted. Recently, various small molecule inhibitors acting in a target specific manner have been designed and
characterized. One of the impressive examples was the development of inhibitors against the protein MTH1 [5,6]. MTH1 is nonessential in normal cells, whereas it has been shown to bring about
sanitization of the dNTP pool in cancer cells. TH287 and TH588
⇑ Corresponding author.
E-mail address: sathees@biochem.iisc.ernet.in (S.C. Raghavan).
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designed to specifically inhibit MTH1, prevented sanitization and
caused incorporation of oxidized dNTPs in the genome of cancer
cells, causing increased DNA damage, ultimately leading to cytotoxicity [5]. In another study, the nonhomologous DNA end joining
pathway (NHEJ), one of the major DNA double-strand break repair
pathways was targeted using a small molecule inhibitor, SCR7 [7–
9]. SCR7 binds to the DNA binding domain of DNA Ligase IV, a crucial enzyme involved in the NHEJ pathway, bringing about the final
sealing of DNA breaks [7,8]. Since Ligase IV is found to be upregulated in several cancers, SCR7 could specifically target cancer cells,
as demonstrated using independent mouse tumor models [7].
One of the best examples of TAT is inhibition of the antiapoptotic protein, BCL2. Several reports have shown that BCL2 levels
are low in normal cells, whereas they are significantly high in several cancers, thus rendering BCL2 as an excellent target for
chemotherapy [10,11]. Small molecule inhibitors designed for this
purpose include ABT199, ABT737, YC137 and TW37, etc [12–15].
The main challenge in developing this class of inhibitors is designing of the molecules to be selectively inert towards other members
of the BCL2 antiapoptotic family such as BCL-xL, MCL1, BCL2A1,

http://dx.doi.org/10.1016/j.bcp.2016.09.028
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etc. This becomes crucial owing to the degree of homology among
these proteins [16]. Although ABT737 and TW37 are shown to be
pan-active, ABT199 and YC137 are BCL2 specific [16]. The dynamic
nature of BCL2 binding interactions offers a wide scope for the
development of novel inhibitors specifically targeting BCL2.
In one of our previous studies, we have designed and characterized a BCL2 inhibitor, Disarib [17]. We observed that Disarib binds
specifically to BCL2, and does not cross-react with other members
of the BCL2 anti-apoptotic family such as BCLw, MCL1, BCL-xL,
BCL2A1, etc. Importantly, Disarib was able to cause cytotoxicity
in BCL2 ‘high’ cancer cell lines, and CLL patient primary cells.
One of the unique features of Disarib was its ability to predominantly target the BH1 domain of BCL2, as opposed to the BH3specific binding of many previously characterized BCL2 inhibitors
[17].
In the current study, we elucidate the mechanism of Disaribinduced cytotoxicity and demonstrate its efficacy in allograft and
xenograft mouse models. Importantly, we shed light on the higher
efficacy of Disarib, as compared to a known BCL2 inhibitor,
ABT199, and investigate the combinatorial potential of Disarib
along with one of the frontline chemotherapeutic drugs, paclitaxel.

2. Materials and methods
2.1. Enzymes, chemicals, and reagents
Chemical reagents were obtained from Sigma Chemical Co. (St
Louis, MO, USA), Amresco (Fountain Parkway Solon, OH, USA)
and SRL (Andheri (E), Mumbai, India). DNA modifying enzymes
were from New England Biolabs (Beverly, MA, USA) and Fermentas
(Glen Burnie, MD, USA). Antibodies were purchased as specified.
Culture media were from Sera Laboratory International limited
(West Sussex, UK), FBS and PenStrep were from Gibco BRL
(Gaithersburg, MD, USA).

2.2. Cell lines and culture
EAC (mouse breast cancer), K562 (human chronic myelogenous
leukemia), HeLa (human cervical carcinoma), P388D1 (mouse lymphoma), LNCaP (human prostate carcinoma) and Molt4 (T-cell leukemia) were purchased from National Centre for Cell Science, Pune,
India. A2780 (ovarian cancer) was purchased from ATCC, USA.
NALM6 (B-cell leukemia) was a kind gift from Dr. M.R. Lieber,
USA. MEF WT, MEF BCL2/ knockout and MEF BAX/ BAK/ double knockout cell lines were kindly provided by Dr. Stanley Korsmeyer, USA. Cells were cultured in RPMI 1640 or DMEM medium
supplemented with 10% fetal bovine serum (FBS), 100 lg/ml Penicillin, and 100 lg/ml Streptomycin and incubated at 37 °C in a
humidified atmosphere containing 5% CO2. Early passage cells
(1012) were used for the experiments.

2.4. MTT assay
In order to measure cell proliferation after treatment with the
compounds, the cultured cells were treated with various concentrations of compounds (Disarib, ABT199 and paclitaxel). Equal volume of cells (100 ll) was collected at the end of 24 and 48 h and
incubated with MTT reagent, Sigma Chemical Co. (St Louis, MO,
USA) at 5 mg/ml concentration (at 37 °C for 2 h) as described
[18,19]. Change in the intensity of color was measured at
570 nm. Results shown are derived from a minimum of three independent experiments.
2.5. Annexin V/Propidium iodide double staining for detection of
apoptosis
Annexin V-FITC apoptosis detection kit (Santa Cruz, Dallas, TX,
USA) was used to detect early and late apoptotic populations in
cells following treatment with Disarib as described earlier
[18,20]. Briefly, NALM6 cells were treated with Disarib (0, 0.5, 1,
2 and 5 lM, 48 h) and 1.5  106 cells were collected, stained with
Annexin V-FITC (2 lg/ml) and Propidium iodide (25 ng/ml) at 4 °C.
The cells were subjected to FACS analysis (FACSVerseTM, BD Biosciences, San Jose, CA, USA) using 488 nm for excitation and
530 nm for recording emission. The experiment was repeated minimum three times and the data are represented as a dot plot using
Flowing software (version 2.5.1). 10,000 cells from each sample
were used for data acquisition.
2.6. Intracellular ROS production
Intracellular ROS production was evaluated as described [21,22]
in NALM6 cells following treatment with Disarib (5 lM) for different time intervals (5, 15, 30, 60 and 120 min). DCFDA (8.3 lM,
Sigma Chemical Co., St Louis, MO, USA) was incubated with
washed cells (20 min, dark, RT) and analysed in BD FACS Calibur
(BD Biosciences, USA) using 488/530 nm as excitation/emission
wavelengths. 2% H2O2 (2 min, dark, RT incubation) was used as
positive control for intracellular ROS production during
acquisition.
2.7. JC1 staining
Mitochondrial membrane potential sensitive dye, JC1 (5, 50 , 6,
60 -tetrachloro-1,10 ,3,30 -tetraethylbenzimidazolcarbocyanine iodide;
Calbiochem, San Diego, CA, USA) was used to study the integrity
of the mitochondrial membrane in NALM6 cells following
treatment with Disarib (0, 0.5, 1, 2 and 5 lM, for 48 h) as described
earlier [18]. Following JC1 staining (0.5 lM, 30 min at 37 °C)
Disarib treated NALM6 cells were analysed in BD FACSVerseTM.
2,4-Dinitrophenol (2,4-DNP) treated cells were used as positive
control. Minimum 10,000 cells were acquired, analysed in Flowing
software (version 2.5.1) and data are represented as a dot plot.
2.8. Animals

2.3. Trypan blue exclusion assay
Cell viability after treatment with Disarib and paclitaxel was
assayed using trypan blue exclusion assay [18,19]. Number of
viable cells was ascertained by mixing cells with equal volume of
0.4% trypan blue stain (Sigma Chemical Co., St Louis, MO, USA).
The cells were then counted using a haemocytometer and the cell
number was plotted against time period of cell growth. Results
shown are derived from a minimum of three independent
experiments.

Swiss albino mice (4–8 weeks old) were purchased from central
animal facility, Indian Institute of Science, Bangalore, India and
were maintained as per the guidelines of the animal ethical committee in accordance with Indian National Law on animal care
and use. The animals were housed in polypropylene cages and provided standard pellet diet (Agro Corporation Pvt. Ltd., Bangalore,
India) and water ad libitum. The standard pellet diet is composed
of 21% protein, 5% lipids, 4% crude fiber, 8% ash, 1% calcium, 0.6%
phosphorus, 3.4% glucose, 2% vitamin, and 55% nitrogen-free
extract (carbohydrates). The animals were maintained under
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controlled conditions of temperature and humidity with a 12 h
light/dark cycle.
2.8.1. Breast adenocarcinoma tumor model
Ehrlich ascites breast adenocarcinoma (EAC) was induced in
Swiss albino mice, by injecting EAC cells to left thigh region
[7,22–24]. 2 groups of control (n = 5) and Disarib treated (n = 5)
were studied. Treated group was given 10 mg/kg body weight (b.
wt) of Disarib, for 12 days (6 doses, every alternate day) after
which tumor volume was measured. Tumor volume was calculated
using the formula: V = 0.5  a  b2, where ‘a’ and ‘b’ indicate major
and minor tumor diameters, respectively [7,24,25]. The measurements reported are cumulative data from 3 independent
experiments.
For comparison of Disarib and ABT199 (Shanghai Sun-shine
Chemical Technology Co. Ltd.), EAC tumor was developed as
described above. 2 groups each of control (n = 5), Disarib treated
(n = 5), and one group of ABT199 treated (n = 5) were studied. Treated group was given 10 mg/kg body weight (b.wt) of Disarib and
ABT199, respectively, for 12 days (6 doses, every alternate day)
after which tumor volume was measured and plotted.
2.8.2. Ovarian carcinoma xenograft and imaging
Nude mice (n = 8) were implanted with A2780-fluc2tdt
(5  106) cells, which were allowed to grow for a period of 7 days
[7]. The mice were given 6 intraperitoneal doses of either the vehicle control (control, n = 4) or Disarib (10 mg/kg; treated, n = 4)
every alternate day starting from day 7. Mice were imaged for
1 min using Berthold Nightowl 320 optical imaging system after
intraperitoneal injection of D-Luciferin (3 mg/mouse). ROIs drawn
over the tumors of control and Disarib treated mice were quantified by using the Winlight Optimas Live Image Software 32. Bioluminescence signal was recorded as maximum (photons/cm2/sec).
2.9. Pharmacokinetics of Disarib
Following Disarib treatment (10 mg/kg), mice were sacrificed
(5, 10, 30, 60, 120 and 360 min), blood was collected, plasma was
separated and deproteinized. The protein free supernatant was
loaded onto a C18 HPLC column (Waters, USA) and the Disarib
specific peaks were acquired at 232 nm. Data of 2 animals were
averaged for each time point studied. GraphPad prism (ver 5.1)
was used for analysis. Kinetica (ver 4.0.2, Innaphase corp., Philadelphia) was used to do pharmacokinetic analysis employing the noncompartmental methodology.
2.10. Determination of the side effects of Disarib administration
Side effects of Disarib treatment on mice were studied on control (n = 7) and Disarib administered (n = 9) Swiss albino mice
(10 mg/kg b.wt., 6 doses, every alternate day). Body weights, kidney and liver functions were analysed after 12 and 25 days (control, n = 7; treated, n = 9). To ascertain the immediate effects of
Disarib administration on whole blood cell counts, Disarib was
administered (10 mg/kg body weight, i.p dose) to Swiss albino
mice (treated, n = 9), while a control group (n = 7) was maintained
without treatment. Plasma was prepared from both the groups,
24 h after Disarib administration and the samples were sent for
diagnostic evaluation of platelet, RBCs and WBC levels.
2.11. Histopathology
Histopathological evaluation through Haematoxylin-Eosin (HE)
staining was done by collecting 25 day old tumor tissues from animals following treatment with Disarib (10 mg/kg). The tissues
were fixed in 4% paraformaldehyde and processed according to
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previously published protocols [24,26]. Processed tissues were
embedded in paraffin wax blocks and sliced into 5 lm sections
in a rotary microtome (Leica Biosystems, Buffalo Grove, IL, USA).
The sections were deparaffinised and stained with standard eosin
haematoxylin protocols [24,27] before dehydration and mounting.
The sections were then photographed by bright field microscopy
(Carl Ziess Axiovision, Oberkochen, Germany).
2.12. Immunohistochemistry
Tumor tissues were paraffin embedded and sectioned into 5 lm
thickness, deparaffinized and rehydrated before treatment with 3%
H2O2 in PBS. The sections were then boiled in 10 mM citrate buffer
(pH 6.0) to facilitate antigen retrieval. The sections were blocked
using blocking buffer containing 0.1% BSA and 10% FBS in PBST
for 1 h at room temperature (RT). Primary antibodies for the protein markers tested were used at 1:50 dilution (in PBST containing
0.1% BSA) and left for overnight incubation at 4 °C. After 3 washes
with PBST, appropriate secondary antibodies were used at 1:200
dilution and incubated for 3 h at RT, following which
streptavidin-HRP conjugate (Sigma Chemical Co., St Louis, MO,
USA) was added at 1:1000 dilution. The slides were washed and
developed with 3,30 -Diaminobenzidine (1 mg/ml) containing 0.3%
H2O2. During this step, the control and treated slides for each antibody were processed together, to eliminate differences in staining
time. Haematoxylin counterstaining was done following which the
stained slides were mounted and photographed by bright field
microscopy (Carl Zeiss Axiovision, Oberkochen, Germany).
2.13. TUNEL assay
TdT-FragELTM DNA fragmentation Detection Kit (Calbiochem)
was used to perform the TUNEL assay on paraformaldehyde fixed,
paraffin embedded sections of tissues from 25 day tumors of mice
following Disarib treatment (10 mg/kg) as described [7]. The sections were deparaffinized, rehydrated and subjected to proteinase
K treatment for permeabilization at 2 lg/ml concentrations. Labeling of double-strand breaks and subsequent detection was performed using reagents from the kit, as per manufacturer’s
instructions. Finally, the processed sections were mounted and
images were photographed using Carl Ziess Axiovision microscope
(Oberkochen, Germany).
2.14. Studies with paclitaxel when coadministered with Disarib
NALM6 cells were treated with different concentrations of
paclitaxel (0.01, 0.05, 1, 2 and 10 lM; Sigma Chemical Co. (St Louis,
MO, USA) and Disarib (0.5, 1, 2, 5 and 10 lM) for 24 and 48 h. Cell
viability and cell proliferation were measured by trypan blue dye
exclusion and MTT assays [19,28]. The experiment was repeated
3 independent times and the results represented with error bars
(S.E.M). Student’s t test was employed to assess the significance
of the effect obtained.
2.15. Immunoblotting
Immunoblotting was performed with 40 lg of NALM6 cell
lysates or as specified. Briefly, NALM6 cells exposed to Disarib (0,
2 and 5 lM, for 48 h) were harvested and lysate was prepared
and used for western blotting [18,29]. The cell lysates were
resolved on 8–12% SDS PAGE gels and transferred onto PVDF membrane (Millipore, Darmstadt, Germany). The blots were blocked
with 5% skim milk in 0.1% PBST and incubated with primary antibodies; 1:750 dilution for MCL-1, BCL-xL, PARP1, BCL2, BAX, BAK,
CYTOCHROME C, SMAC/DIABLO, TUBULIN (Santa Cruz Biotechnology, Dallas, TX, USA), ACTIN (1:5000; Cell signalling technology,
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Fig. 1. Evaluation of impact of Disarib on cell cycle progression and ROS production. A. Chemical structure of Disarib. B–C. Cell cycle profile of NALM6 cells treated with
increasing concentrations of Disarib for a period of 24 h (B), and 48 h (C). Bar graph depicting relative quantification of percentage of cells in each phase of the cell cycle is
shown in the right panel. Each experiment was repeated a minimum of three times and error bar plotted, showing mean ± SEM. (ns: not significant, *p < 0.05, **p < 0.005,
***
p < 0.0001). D. Effects of Disarib on intracellular ROS production. Generation of intracellular ROS in NALM6 cells following treatment with Disarib (5 lM) for various time
periods (5, 15, 30, 60, 120 min). ROS generation was assayed through DCFDA dye staining method using H2O2 (2%) as the positive control. The stained cells were analysed
using flow cytometry. Experiment was repeated a minimum of three times.

Danvers, MA, USA), active BAX, active BAK, active CASPASE 3 and
active CASPASE 9 (1:5000; BD Bioscience, San Jose, CA, USA). After
incubation with appropriate secondary antibodies (1:10,000 in
0.1% PBST; Santa Cruz Biotechnology, Dallas, TX, USA), the blots
were developed using enhanced chemiluminescence substrate
(ImmobilonTM western, Millipore, Darmstadt, Germany) and the
images were captured by LAS 3000 (FUJI, Tokyo, Japan) gel documentation system.
2.16. Statistical analysis
For each experiment, student’s t-test (two tailed), using GraphPad prism (Version 5.1), was employed to calculate the statistical
significance of the results reported [30]. Values with p-value less
than 0.05 were considered significant. Values are presented as
mean ± SEM.

among the cell lines evaluated, as well as maximum sensitivity
to Disarib [17]. First, we investigated the effect of Disarib on cell
cycle progression by treating cells with increasing concentrations
of the compound for a period of 24 and 48 h (Fig. 1B,C), followed
by Propidium Iodide staining and FACS analyses. Results showed
a distinct increase in the sub-G1 phase of the cell cycle with
increasing Disarib concentrations at 48 h, indicating cell death
(Fig. 1C). In contrast, we could not observe any phase-specific cell
cycle arrest, for both the timepoints (24 and 48 h). Further, we
investigated whether Disarib could lead to increase in intracellular
Reactive Oxygen Species (ROS), which in turn could cause cytotoxicity. Disarib treated cells were subjected to DCFDA staining, followed by FACS analyses. We observed that Disarib treatment did
not lead to increase in intracellular ROS levels within cells, when
multiple time points were investigated (Fig. 1D). Thus, Disarib neither induced ROS nor cell cycle arrest as an intermediate while
causing cell death.

3. Results
3.1. Disarib induces cell death without ROS production and cell cycle
arrest
In order to understand the mechanism of cell death caused by
Disarib (Fig. 1A), various ex vivo assays were performed using
NALM6 cells as they exhibited highest level of BCL2 expression

3.2. Disarib disrupts mitochondrial membrane potential and induces
apoptosis in cells
In order to delineate the mechanism of cellular damage elicited by Disarib, integrity of mitochondrial membrane potential
(MMP) was investigated. Interestingly, results showed that
treatment with Disarib (0.5, 1, 2 and 5 lM) in NALM6 cells led
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3.3. Disarib activates intrinsic pathway of apoptosis inside cells

to a dose-dependent increase in JC-1 green fluorescence
(Fig. 2A and B) indicating loss of MMP. However, no significant
disruption in MMP was observed, when HeLa and K562 cell
lines, which are low for BCL2 expression [17], were used for
the study (Fig. 2C and D). Further, Annexin V-FITC/PI double
staining showed a dose-dependent increase in apoptotic populations of NALM6 cells upon treatment with Disarib (Fig. 2E and F).
However, we did not find any evidence for cell death due to
necrosis (Fig. 2E and F). Further, HeLa and K562 did not exhibit
significant apoptosis at the concentrations tested, reiterating target specificity (Fig. 2G and H). Taken together, ex vivo analyses
suggested that Disarib caused loss of mitochondrial membrane
potential, ultimately leading to cell death, via the apoptotic
pathway.
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Mechanism of apoptosis following Disarib treatment (0, 2 and
5 lM, 48 h), in NALM6 cells was analysed by immunoblotting.
Results showed cleavage of MCL-1 to its proapoptotic form
(Fig. 3A and B), though there was no significant change in level of
BCL2. Upregulation of BCL-xL was observed upon Disarib treatment, similar to that in case of ABT199 as described previously
[31,32]. However, the observation needs further investigation.
The activation of intrinsic pathway proteins such as cleavage of
CASPASE 9, CASPASE 3 followed by PARP1 and release of CYTOCHROME C and SMAC/DIABLO were also seen (Fig. 3A and B). Interestingly, we noticed higher levels of activated BAK upon Disarib
treatment in a concentration dependent manner. However there
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mean ± SEM. (ns: not significant, *p < 0.05, **p < 0.005, ***p < 0.0001). E. Annexin V-FITC and PI double-staining for evaluation of the mode of cytotoxicity induced by Disarib.
NALM6 cells treated with Disarib (0.5, 1, 2 and 5 lM, 48 h), were stained with Annexin V-FITC and PI, and subjected to FACS analysis. F–H. Bar graph depicting relative
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Fig. 3. Assessment of apoptotic markers in cells treated with Disarib. A. Western blot analysis for apoptotic markers in lysates prepared from NALM6 cells following
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was a moderate level of increase in case of activated BAX
(Fig. 3A and B). Thus, our results suggest the induction of the
intrinsic pathway of apoptosis upon Disarib treatment.
BCL2-specificity of Disarib was further investigated in a cell line
lacking its putative target, BCL2. BCL2-/- knockout mouse embryonic fibroblast (MEF) cells were treated with increasing concentrations of Disarib, and the effect was compared to that of wild type
MEFs. No significant cytotoxicity was observed in MEF BCL2/
knockout cells upon Disarib treatment (0, 1, 3, 5, 7, 10 lM, for
48 h), while their wild type counterpart exhibited remarkable sensitivity in a concentration dependent manner (Fig. 4A). Besides,
Annexin V-FITC/PI double staining of Disarib treated cells (0,
5 lM, for 48 h) did not show any sensitivity in BCL2/ knockout
cells, while significant number of cells were in late apoptosis stage
in WT MEFs (Fig. 4B). Taken together, these studies confirm the
requirement of BCL2 as the target for Disarib action within cells.
Activation of apoptosis through intrinsic pathway was further
investigated on MEF BAX/ BAK/ double knockout (DKO) cells
following treatment with Disarib (0, 1, 3, 5, 7 lM, for 48 h). Both
BAK and BAX proteins homodimerise/oligomerise to induce pores
in the mitochondrial membrane during activation of apoptosis
[16]. DKO cells did not show any cytotoxicity at concentrations
tested, unlike WT MEFs (Fig. 4C). Moreover, while WT MEFs
showed activation of apoptosis upon Disarib treatment, as assayed
using Annexin V-FITC/PI double staining, MEF BAX/ BAK/ DKO
cells were insensitive at the concentrations tested (Fig. 4D). However, MEF DKO cells treated with H2O2 (0, 0.2, 2 mM, for 1, 2, 3,
4 h) led to cell death via necrosis as observed previously [33]
(Fig. 4E). Thus these results confirm the activation of apoptosis
via intrinsic pathway of apoptosis and BCL2 specificity of Disarib.

3.4. Disarib induces tumor regression in an allograft and a xenograft
mouse model
Previously, we have reported the design, synthesis and characterization of a small molecule inhibitor, Disarib that acts on BCL2 in
a target specific manner [17]. In order to evaluate the potential of
Disarib to be used as a chemotherapeutic agent, we further analysed its effect on tumor regression in vivo using an allograft and
a xenograft model. However, we could not develop xenograft
model systems using NALM6 cells, as they failed to grow after multiple trials. Therefore, the efficacy of Disarib was assayed using
breast adenocarcinoma (EAC cells) and ovarian carcinoma
(A2780) models in two independent mouse species. Owing to
increased BCL2 expression levels in each of the cell line, both
served as excellent model systems to assess the sensitivity of Disarib in two independent BCL2-driven mouse tumor models [34].
Tumor was developed in Swiss albino mice, by injecting EAC
cells following which animals were treated with Disarib (10 mg/
kg b.wt., 6 doses), and the rate of growth of tumor was monitored
over a period of 24 days. Interestingly, treatment with Disarib
resulted in significant reduction in tumor growth, while the tumor
in control group remained proliferative (Fig. 5A). Anatomic studies
revealed remarkable decrease in tumor size compared to untreated
control (Fig. 5B [a–f]). Besides, an increase in the size of spleen
(Fig. 5B [j–l]) and liver (Fig. 5B [g–i]) was observed in tumor control animals compared to Disarib treated animals. Histological
analysis of tumor of control and treated mice (25th day) by HE
staining showed reduced number of infiltrated cells in the thigh
tissue (Fig. 5C, left panel) of Disarib treated animals. Besides, no
anomaly was observed in the liver sections of treated animals
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Fig. 4. Evaluation of effect of Disarib on BCL2/ knockout and BAK/BAX/ double knockout cells. A. Graph depicting cell viability of MEF wild type cells (grey line) and
MEF BCL2/ knockout MEF cells (red line) treated with increasing concentrations of Disarib (1, 3, 5, 7 and 10 lM) for 48 h. Each experiment was repeated a minimum of three
times and errors bars are shown representing mean ± SEM (ns: not significant, (*p < 0.05, **p < 0.005, ***p < 0.0001). B. Annexin V FITC/PI double staining in MEF wild type
(upper panel) and MEF BCL2/ knockout cells treated with 5 lM Disarib. Bar graph depicting relative quantification of necrosis, early and late apoptosis is presented on the
right side of the dot plot. C. Effect of Disarib (1, 3, 5 and 7 lM) in MEF WT (grey line) vs. MEF BAK/ BAX/ double knockout cells (red line) as assessed by trypan blue uptake.
Each experiment was repeated a minimum of four independent times (*p < 0.05, **p < 0.005, ***p < 0.0001). D. Dot plot depicting Annexin V FITC/PI double staining for MEF WT
(upper panel) and MEF BAK/ BAX/ double knockout cells (lower panel) post 48 h of Disarib treatment (2 and 5 lM). Each experiment was repeated a minimum of three
independent times and the number of cells in each quadrant has been quantified and shown on the right side of the dot plot. E. Graph showing effect of different
concentrations of H2O2 on MEF BAK/ BAX/ double knockout cells. Cells were treated with 0.2 and 2 mM H2O2 followed by assessment of dead cells by trypan blue uptake.
Each experiment was repeated a minimum of three independent times (*p < 0.05, **p < 0.005, ***p < 0.0001). (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)

(Fig. 5C, right panel), thereby indicating an absence of hepatic
adverse side effects upon Disarib administration.
In order to monitor tumor regression by Disarib in humanized
tumor model in real time, an in vivo luciferase imaging study
was employed (Fig. 5D), wherein an ovarian cancer xenograft
was implanted in nude mice by injecting A2780-fluc2tdt cells. A
significant reduction in the tumor volume of Disarib treated mice
(10 mg/kg, 6 doses) was observed by the 15th day of treatment
(Fig. 5D and E). Thus, our data suggest that both the tumor models
tested, exhibited remarkable sensitivity to Disarib administration.
3.5. Disarib exhibited higher efficacy when compared to a known BCL2
inhibitor, ABT199 both in vivo and ex vivo
The observation of a significant tumor reduction upon Disarib
treatment in two independent mouse models encouraged us to
compare its efficiency with a known BCL2 inhibitor. One of the
most efficient and selective BCL2 inhibitors, ABT199, has been

extensively characterized, and has been granted designation by
FDA for relapsed or refractory Chronic Lymphocytic Leukemia
[14,35]. In order to obtain a head-to-head comparison of the two
compounds, EAC mouse model was chosen for the study. Following
tumor development, Disarib and ABT199 (10 mg/kg, 6 doses, for
both) were administered via intraperitoneal route. Consistent to
our finding, Disarib treated mice exhibited a significant reduction
in tumor volume, as compared to the untreated tumor control
(Fig. 6A). Interestingly, although ABT199 treated group showed a
reduction in the tumor volume, the tumor regression was observed
to be lower than that of Disarib (Fig. 6A).
Since we observed a higher tumor growth inhibition by Disarib
as compared to ABT199 in mouse tumor models, we were curious
to investigate the same, using various cancer cell lines. In a previous study, we observed Disarib-induced cytotoxicity in various
cancer cell lines, in a BCL2 level dependent manner [17]. In order
to perform comparison of ex vivo cytotoxicity, six independent cancer cell lines (HeLa, LNCaP, P388D1, A2780, NALM6 and Molt4)
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Fig. 5. Effect of Disarib on tumor progression in different tumor mouse models. A. Graph depicting the in vivo progression of breast adenocarcinoma upon treatment with
Disarib. The solid tumors were generated by injecting EAC cells in the thigh region of 6–8 weeks old Swiss albino mice, which were then intraperitoneally treated with Disarib
(10 mg/kg, 6 doses, alternate day). Tumor volume is plotted against a period of 24 days. B. Gross appearance of experimental animals on the 25th day after Disarib treatment.
One animal each was chosen from the tumor bearing, control (b) and Disarib treated (c) groups. An age matched mouse without tumor was used as the normal reference (a).
Note the size difference in thigh tissues (d, e, f), liver (g, h, i) and spleen (j, k, l). C. Haematoxylin and Eosin (HE) staining of thigh and liver tissue sections following 25th day of
Disarib treatment. In all panels, ‘‘Control’’ indicates tissue derived from mice with tumor and ‘‘Disarib treated” indicates mice with tumor after treatment with Disarib. D.
Luciferase imaging of Disarib response in subcutaneous tumor model of ovarian cancer (A2780). Nude mice were implanted with A2780-Fluc.tdTomato cells, segregated as
control (n = 4) and Disarib treated (n = 4) groups, and scanned for luciferase activity on day 1, 7, 9, 12 and 15. Disarib treatment was given from day 1, intraperitoneally as
10 mg/kg dose (6 doses). Pseudocolor scale bar represents photons captured by the CCD camera. E. Graph showing effect of Disarib on bioluminescence signals (measured as
photons/cm2/sec) of A2780-Fluc.tdTomato tumor xenograft against number of days monitored.

were subjected to Disarib and ABT199 treatment and analysed for
cell death using MTT assay. Interestingly, although both the compounds followed a similar trend of cytotoxicity among various cell
lines, in a BCL2 dependent manner (Fig. 6B, right panel), results
showed that Disarib exhibited higher cytotoxic potential, as compared to ABT199, in all the cancer cell lines tested (Fig. 6B).
3.6. Disarib exhibits minimal side effects with negligible platelet
toxicity
In order to evaluate the side effects of the inhibitor, Swiss albino
mice were treated with Disarib (10 mg/kg, 6 doses). Analyses after
25th day from the final dose, showed that there was no significant
change in the body weight between control and treated group
(Fig. 7A). Serum levels of ALP, creatinine and urea showed no significant difference between the groups indicating no adverse
effects on liver and kidney functions (Fig. 7A). Although the total
RBC counts were higher in treated group on 12th day (data not
shown), it was restored by 25th day (Fig. 7A). However, there
was no effect on WBC between the groups. Thus, our results suggest that Disarib did not adversely affect the haematopoietic or
immune system. More importantly, Disarib did not affect the platelet number in mice (Fig. 7B), which are predominantly depen-

dent on BCL-xL for growth [36]. This further emphasizes the
specificity of Disarib interaction to BCL2 over BCL-xL in vivo.
Pharmacokinetic studies of plasma from Disarib treated animals
(10 mg/kg; collected after 5, 10, 30 min, 1, 2 and 6 h) by HPLC analysis revealed that the maximum circulating concentration (Cmax) of
Disarib was obtained in 30 min following its treatment indicating
that it is amenable to absorption in vivo (Fig. 7C). The plasma levels
of Disarib exhibited a bi-exponential decline with a t1/2 of 2.3 h and
a clearance rate (CL) of 6.3 ml/min/kg (Fig. 7D). Steady state volume distribution (Vss) was around 1.095 L/kg (Fig. 7D). Thus, Disarib administration in mice did not show any significant side
effects, as analysed using various parameters reiterating its specificity, and rendering it more suitable for clinical studies.
3.7. Disarib activates the intrinsic pathway of apoptosis in vivo
In order to delineate the mechanism of Disarib-induced cell
death, we performed TUNEL assay on treated EAC tumor tissues
from mice and performed a comparative analysis with the
untreated control. Interestingly, results showed extensive DNA
fragmentation following Disarib treatment as compared to the
control, when analysed on day 25 post treatment (Fig. 8A). Hence,
Disarib induced apoptosis in tumor cells both ex vivo and in vivo.
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NALM6

NALM6

Fig. 6. Comparative analyses of Disarib and a known BCL2 inhibitor, ABT199 in mouse tumor model and cancer cell lines. A. Graph depicting in vivo progression of EAC tumor
in mouse model upon treatment with Disarib (red) and ABT199 (grey), as compared to the untreated tumor control (black). Tumor volume is plotted against a period of
22 days. Values are depicted as mean ± SEM. (ns: not significant, *p < 0.05, **p < 0.005, ***p < 0.0001) B. Bar graph depicting percentage of cell proliferation upon treatment
with 5 lM of each, Disarib (red bar) and ABT199 (grey bar) in cancer cell lines (HeLa, LNCaP, P388D1, A2780, NALM6 and Molt4), as tested by MTT assay. ‘‘Control” denotes
the cells treated with DMSO, the vehicle control, the reading of which is taken as 100%. The assay was carried out at 48 h post treatment. Experiments were performed a
minimum of three times and the graph shows mean ± SEM. (ns: not significant, *p < 0.05, **p < 0.005, ***p < 0.0001). Right panel shows the BCL2 expression profile in cancer
cell lines tested in left panel. Comparison of BCL2 expression levels in various cancer cells was obtained using the ONCOMINE database, and validated by performing
immunoblot analyses [17]. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Immunohistochemical analysis on sections of mouse tumor tissues following Disarib treatment (10 mg/kg, 6 doses, 25th day)
showed robust expression of Ki67, a cell proliferation marker in
the control tumors, which was negligible in the treated sections
(Fig. 8B). Importantly, 53BP1, a DNA damage sensing protein, was
found to be expressed more in treated tissues, as compared to
untreated ones. On the other hand, apoptotic marker cleaved CASPASE 3 was found to be overexpressed in the treated sections
(Fig. 8B), confirming the activation of apoptosis in treated tumors.
Based on the above findings, a model for the mechanism of Disarib induced cytotoxicity is proposed (Fig. 9). Following diffusion of
Disarib into the cells, it binds to hydrophobic binding pocket of
BCL2 at the outer mitochondrial membrane, inhibiting its physiological function. Reduction in overall BCL2 function inside cells
leads to the loss of MMP and release of the pro-apoptotic factors,
CYTOCHROME C and SMAC/DIABLO. These can cause the downstream activation of CASPASE 3, CASPASE 9 and PARP1 as this
may also interfere with BAK, BAX homodimerization resulting in
DNA fragmentation and cell death via intrinsic pathway of
apoptosis.
3.8. Disarib potentiates the cytotoxic action of paclitaxel
Previous studies have reported increased levels of BCL2 in cells
that are resistant to chemotherapeutic drugs [37]. To test whether
Disarib could sensitize and improve the efficacy of such drugs in
cancer cells, NALM6 cells were treated with increasing concentrations of paclitaxel (0.01, 0.1, 1 and 10 lM, 24, 48, 72 h) (Fig. 10A).
Approximately 65% cell viability was observed at 10 nM of pacli-

taxel, even after 48 h of treatment (Fig. 10A). Since, NALM6 cells
have robust BCL2 expression, efficacy of Disarib in potentiating
the effect of paclitaxel (2 nM) was evaluated in these cells. Upon
treatment of Disarib (1, 2, 5 and 10 lM, 24 and 48 h) along with
paclitaxel (2 nM), we found that Disarib was able to elicit a pronounced cytotoxic effect with nearly 70% cell death at 24 h after
treatment, as compared to each compound alone (Fig. 10B).
Besides, the effect of the combined treatment persisted after 48 h
(Fig. 10C). Importantly, the concentrations of both the compounds
were lower than their respective IC50 values in cell lines
(Fig. 10D and E). Therefore, Disarib can potentiate the effect of
paclitaxel by reducing its effective concentration by 4-fold.
4. Discussion
In the present study, we have elucidated the mechanism of cell
death induced by Disarib, a previously characterized BCL2-specific
inhibitor. Importantly, we observed that Disarib was able to cause
tumor regression in independent mouse models, causing minimal
side effects and exhibiting a platelet sparing ability. Interestingly,
efficacy of Disarib was found to be higher than that of ABT199,
as tested in tumor mouse model and cancer cell lines.
4.1. Disarib induces tumor regression without affecting the
physiological functions
In our previous study, we showed that Disarib is BCL2-specific,
and does not interact with other members of the BCL2 antiapoptotic family such as BCL-xL, MCL1, BCL2A1 etc [17]. Importantly,
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Fig. 7. Evaluation of side effects upon in vivo Disarib administration. A. Evaluation of toxicity following in vivo administration of Disarib (10 mg/kg; n = 9). A control group of
Swiss albino mice without Disarib treatment served as the normal reference (n = 7). Each group was tested for various toxicological parameters after 25 days of Disarib
treatment. Changes in body weight, levels of urea, creatinine, alkaline phosphatase (ALP) in serum, RBC and WBC counts were measured to assess the effect of Disarib. In all
the cases, error bars indicate ± SEM. P value was calculated by comparing the mean of no treatment animals with the mean of Disarib treated groups (*p < 0.05, ns is
nonsignificant). B. Evaluation of total blood cell counts in Swiss albino mice after 24 h of Disarib administration (10 mg/kg). In panels A and B, error is mean ± SEM. C. Graph
representing the time kinetics of Disarib (10 mg/kg) levels in plasma of mice. The mice were sacrificed after different time periods (5, 10, 30, 60, 120 and 360 min) of Disarib
treatment and plasma from the blood was analysed through C-18 HPLC column chromatography for the presence of Disarib. The area under the curve (AUC) was calculated to
obtain the concentration of Disarib (lM) in the plasma. D. Pharmacokinetic analysis of Disarib administration. Half time of rise of Disarib concentration (t1/2) has been
indicated.

we found that Disarib predominantly targeted the BH1 domain of
BCL2, exhibiting a novel mode of BCL2 inhibition. We observed that
Disarib can be successfully used as a single agent tool against
cancer.
Disarib dosage of 10 mg/kg (6 doses) was sufficient to cause
tumor regression in different tumor animal models tested. Thus,
in vivo efficacy of Disarib at lower concentrations is an important
observation as this may significantly reduce off target effects during treatment. Importantly, we observed that Disarib exhibited
higher efficiency as compared to a well-established BCL2 inhibitor,
ABT199, when tested in mouse tumor model. ABT199 was characterized as a potent and selective BCL2 inhibitor, effective against
CLL patient primary cells, and possessed platelet sparing ability.
ABT199 has been shown to be effective as an anti-tumor agent,
when used at a dose of 100 mg/kg [14]. In order to perform a
head-to-head comparison, we used an equivalent dose as that used
for Disarib (10 mg/kg). The lower dose used in the current study
might explain the reduced tumor regression ability of ABT199, as
compared to that reported in a previous study [14]. Interestingly,
we observed the same trend in case of various cancer cell lines,
wherein Disarib caused higher cytotoxicity than ABT199. Better
cytotoxic potential of Disarib as compared to ABT199 is a significant finding which might pave the way for Disarib to be used as
a single-agent tool against BCL2-high cancers in clinical trials.
Besides, Disarib caused significantly higher tumor cell death, when
compared with other BCL2 inhibitors such as Gossypol, HA 14-1 etc
[17].

4.2. Disarib causes cell death by activating the intrinsic pathway of
apoptosis
Results from the present study in conjunction with previous
report showed that Disarib induced cell death via activating apoptosis in cancer cells, rather than necrosis [17], and significantly
reduced the mitochondrial membrane potential (MMP). Analyses
of several protein expression levels post Disarib treatment, suggested the induction of the intrinsic pathway of apoptosis. DNA
fragmentation in treated tumor tissues, a hallmark of intrinsic
pathway, along with expression of key protein such as activated
CASPASE 3, further supported the above drawn conclusion.
In order to develop a potent chemotherapeutic agent, investigation of side effects of the molecule under study is of utmost importance. Interestingly, unlike many other known BCL2 inhibitors,
Disarib exhibited only minimal off target effects in various tissues
of mice. Specifically, Disarib did not show any significant variation
in body weight of mice, suggesting absence of off-target effects.
Investigation of liver and kidney function tests post Disarib treatment confirms its potential to be used as a successful anti-cancer
agent exhibiting minimal side effects. More importantly, Disarib
administration did not affect platelet numbers. Since platelets are
BCL-xL driven, BCL2 inhibitors were shown to cause thrombocytopenia on account of having cross-inhibitory action against
BCL-xL [38,39]. By not affecting platelet viability, the specificity
of Disarib to BCL2 is further reinforced in vivo. Thus, taken
together, absence of significant alterations in hepatic/renal

Please cite this article in press as: S.V. Vartak et al., A novel inhibitor of BCL2, Disarib abrogates tumor growth while sparing platelets, by activating intrinsic
pathway of apoptosis, Biochem. Pharmacol. (2016), http://dx.doi.org/10.1016/j.bcp.2016.09.028

S.V. Vartak et al. / Biochemical Pharmacology xxx (2016) xxx–xxx

11

Fig. 8. Evaluation of mechanism of cell death induced upon Disarib treatment. A. TUNEL assay showing DNA fragmentation in sections from Disarib treated tumors from
mice. Methylene green was used as the counter stain. The cells undergoing apoptosis appear intense brown due to staining with diaminobenzidine. B. Immunohistochemistry
studies using antibody against DNA cell proliferation marker Ki67, DNA repair marker 53BP1 and activated CASPASE 3 on Disarib treated Tumor tissues (25th day). Positive
foci were scored as brown spots. Haematoxylin was used as the counterstain. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

Fig. 9. Model illustrating the mechanism of Disarib induced apoptosis in cancer cells. Disarib targets the anti-apoptotic protein, BCL2 inside cells, leading to activation of the
intrinsic pathway of apoptosis. Hallmarks of intrinsic pathway such as MCL-1 cleavage, CYTOCHROME C release, SMAC/DIABLO activation are observed, followed by CASPASE
9 and CASPASE 3 cleavage, PARP cleavage etc. This in turn causes DNA fragmentation, ultimately leading to cell death.
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Fig. 10. Evaluation of Disarib-mediated potentiation of paclitaxel-induced cell death in cancer cells. A. Trypan blue assay for cytotoxicity induced by paclitaxel in NALM6 cells
upon adding different concentrations of paclitaxel (0.01, 0.1, 1 and 10 lM). Cytotoxicity was assayed through trypan blue staining of cells collected 24, 48 and 72 h after
paclitaxel addition. The viable cell counts for each paclitaxel concentration are represented as a percentage of the vehicle control treated cells for the respective time points.
Experiment was repeated minimum of four times. Graph shows mean ± SEM. B, C. Cell viability assays were performed to study the effect of Disarib on the responsiveness of
NALM6 to low doses of paclitaxel. Evaluation of cytotoxicity using trypan blue assay induced by increasing concentrations of Disarib in the presence of 2 nM of paclitaxel at 24
(B) and 48 h (C). D, E. Comparison of cytotoxicity induced by paclitaxel (2 nM) and Disarib (2 lM), alone or in conjunction, at 24 and 48 h using trypan blue (D) and MTT (E)
assays. In each case, experiments were performed a minimum of four times, data are presented as mean ± SEM.

functions and whole blood counts in Disarib treated mice confirms
lack of side effects, rendering Disarib suitable for clinical trials. In
contrast to low level expression of BCL2 in normal cells, its expression is upregulated in several cancers especially in chemoresistant
cells [37,40,41]. This leads to reduced potency and hence increased
dosage of chemotherapeutic drugs like cisplatin, doxorubicin,
paclitaxel and etoposide. Thus, the observation that Disarib can
potentiate the cytotoxic effects of paclitaxel in NALM6 cells is clinically important. This could help in reducing the effective dose of
paclitaxel for induction of cytotoxicity. The potentiation by Disarib
was synergistic, and probably arises by enhancing the overall
apoptotic cascade that is also elicited by paclitaxel by preventing
microtubule depolymerisation [42]. Recent reports also suggest
the BCL2-centric action of paclitaxel, wherein it binds to the loop
domain of BCL2, results in activation of apoptosis [43]. Thus, combined action of Disarib and paclitaxel might serve as an effective
strategy for complete abrogation of BCL2 function in cancer cells.
This property of Disarib may have great value in combinatorial
anticancer treatment.
Thus, Disarib can be exploited either as a single agent in target
specific therapy or in combination treatment modalities, where
reducing the dosage of potent drugs is of vital importance.
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A Novel Resveratrol Based Tubulin
Inhibitor Induces Mitotic Arrest and
Activates Apoptosis in Cancer Cells
Resveratrol is one of the most widely studied bioactive plant polyphenols which possesses anticancer
properties. Previously we have reported synthesis, characterization and identification of a novel
resveratrol analog, SS28. In the present study, we show that SS28 induced cytotoxicity in several
cancer cell lines ex vivo with an IC50 value of 3–5 μM. Mechanistic evaluation of effect of SS28 in
non-small cell lung cancer cell line (A549) and T-cell leukemic cell line (CEM) showed that it inhibited
Tubulin polymerization during cell division to cause cell cycle arrest at G2/M phase of the cell cycle at
12–18 h time period. Immunofluorescence studies confirmed the mitotic arrest upon treatment with
SS28. Besides, we show that SS28 binds to Tubulin with a dissociation constant of 0.414 ± 0.11 μM.
Further, SS28 treatment resulted in loss of mitochondrial membrane potential, activation of Caspase
9 and Caspase 3, leading to PARP-1 cleavage and finally cell death via intrinsic pathway of apoptosis.
Importantly, treatment with SS28 resulted in regression of tumor in mice. Hence, our study reveals the
antiproliferative activity of SS28 by disrupting microtubule dynamics by binding to its cellular target
Tubulin and its potential to be developed as an anticancer molecule.
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Microtubules are cytoskeletal filaments in cells composed of two proteins α and βTubulin which are involved in
many cellular functions such as formation of meiotic and mitotic spindle, cell motility, cell shape and transport of
proteins and organelles1. Microtubules and their dynamics are targets of chemically diverse group of antimitotic
compounds that are derived mostly from natural sources. Antimitotic agents inhibit cell proliferation by acting
on the polymerization of spindle microtubules, which are essential for proper spindle function. Although the
antimitotic drugs have been used clinically for treating diseases, the loss of efficacy over time due to development
of resistance is considered as a major drawback2,3.
The most successful microtubule targeting drugs includes Vinca alkaloids (Vincristine, Vinblastine,
Vinorelbine, Vindesine and Vinflunine), paclitaxel and docetaxel. Among these, Vincristine and Vinblastine
are Tubulin binding agents, bind to the Vinca domain and inhibit Tubulin assembly4,5. In contrast, paclitaxel
and docetaxel bind to the taxane-binding site and stabilize microtubules without increasing microtubule
polymerisation6–8.
Resveratrol (trans-3,4′,5-trihydroxystilbene), a naturally occurring polyphenolic compound is highly enriched
in the skin of red grapes, peanuts and various fruits. It has also been reported in the root of the plant, Polygonum
cuspidatum, and an important constituent of Chinese and Japanese folk medicines9. Resveratrol has been extensively investigated as a cardioprotective, anti-inflammatory, and antiaging agent10–12. In addition, studies have
shown that resveratrol has a strong chemopreventive effect against the development of cancers of skin, breast,
prostate and lung10,13–16. Besides, effects of resveratrol in downregulation of angiogenesis-associated genes, activation of the apoptotic pathways and induction of cell cycle arrest have also been studied17–20.
Using resveratrol as the prototype, we have recently synthesised various analogs, evaluated their effect on cancer cell lines and identified (E)-1,2,3-trimethoxy-5-(4-methylstyryl)benzene (6 h) (SS28) as the potent molecule21.
In the present study we evaluate antiproliferative activity of SS28 in different cancer cells and show that SS28 treatment leads to G2/M arrest. In addition, we have determined binding affinity of SS28 to purified Tubulin. Further,

1
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Applied Biotechnology, Electronic City, Bangalore 560 100, India. 3Department of Pharmaceutical Chemistry, KLE
University’s College of Pharmacy, Bangalore 560 010, India. Correspondence and requests for materials should be
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Figure 1. Effect of SS28 on cell viability in various cancer cell lines. Cells were cultured with increasing
concentrations (1, 5, 10 and 20 μM) of SS28 for 48 and 72 h. Trypan blue and MTT assays were performed to
assess the cytoxicity induced by SS28. Cells treated with DMSO served as vehicle control. Different cancer cell
lines, CEM (A), Reh (B), Molt4 (C), Nalm6 (D), SUDHL8 (E), A549 (F) 293T (G) were used for the study. Each
experiment was repeated a minimum of three times. Error bars indicate the SEM and P value was calculated by
comparing the mean of control group with mean of SS28 treated group, *p <  0.05, **p <  0.005, ***p <  0.0001.

we show that SS28 interferes with Tubulin polymerization leading to disruption of the formation of microtubule,
which in turn leads to metaphase arrest. Eventually, SS28 treatment results in cell death by activating the intrinsic
pathway of apoptosis.

Results

SS28 induces cytotoxicity in different cancer cell lines. Various leukemic cell lines (CEM, Reh, Molt4
and Nalm6), human lung carcinoma cells (A549), cervical cancer cell line (HeLa), Diffuse large B cell lymphoma
cell line (SUDHL8) and human embryonic kidney epithelial cell line (HEK293T) were used for evaluating their
sensitivity towards SS28 (1, 5, 10 and 20 μM). Cells treated with DMSO were used as vehicle control. Results of
trypan blue assays showed that SS28 interfered with cell viability in a dose dependent manner (Fig. 1). Among
the cell lines tested CEM and A549 exhibited maximum sensitivity to SS28 followed by SUDHL8, Molt4 and Reh,
whereas Nalm6 showed moderate sensitivity after 48 h of the treatment (Fig. 1). IC50 values of SS28 in CEM and
A549 cell line were 2.6 and 5.2 μM, respectively, whereas in SUDHL8, Molt4, Reh and Nalm6 were 2.7, 5.1, 7.9 and
21 μM, respectively after 48 h of treatment (Suppl. Table 1). Among the cancer cell lines studied, HeLa cells exhibited least sensitivity to SS28 (32.4 μM) (Suppl. Table 1). Interestingly, SS28 induced only limited cytotoxicity on
normal cell line HEK293T, compared to most of the cancer cells (Fig. 1). Besides, we also observed minimal effect
on cell viability (48 h), when peripheral blood mononuclear cells (PBMC) were treated with SS28 with an IC50
value >35 μM (Suppl. Table 1). However, when mouse embryonic fibroblast cells (MEF) were evaluated for their
sensitivity to SS28, it exhibited significant cell death with an IC50 value 5 μM (Suppl. Table 1). This is understandable as MEFs are known to proliferate efficiently and SS28 is most probably acting as a Tubulin inhibitor. Impact
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Figure 2. Effect of SS28 on cell cycle progression and spindle microtubule formation. (A,B) Bar diagram
summarising the % of cells in each phase of cell cycle. A549 (A) and CEM (B) cells were treated with SS28, 5
and 2 μM, respectively for different time points (6, 12, 18, 24 and 30 h) and cell cycle phase distribution was
analysed by flow cytometry. DMSO treated cells served as the vehicle control. (C–F) Effect of SS28 on spindle
microtubule formation in A549 cells. A549 cells were cultured in presence of 5 and 10 μM of SS28 for 24 h. Cells
were then fixed and labelled with a monoclonal α-Tubulin (green) antibody conjugated to FITC and nuclei
stained with DAPI (blue) as described in materials and methods. (C) Table representing the metaphase arrest in
the control and treated cells after 5 and 10 μM of SS28 treatment. Representative fluorescence images of control
and treated cells in duplicates. (D) SS28 treated (5 and 10 μM) A549 cells showing bipolar spindles. (E) SS28
treated (10 μM) A549 cells (10X view). (F) Single cell view of secondary antibody control, primary antibody
treated control cells and Colchicine treated cell. Images shown are DAPI, FITC and merged, respectively.
of SS28 treatment on cell proliferation was also evaluated using MTT assay. Results showed that the proliferation
of cells was affected maximally in the case of CEM, A549, Molt4 and SUDHL8 which was followed by Reh and
Nalm6 after 48 h of treatment (Fig. 1). Taken together, our results suggest that SS28 affected cancer cell growth in
all leukemic cells and lung cancer cells tested.

SS28 induces G2/M cell cycle arrest. To examine whether the growth inhibition observed is due to cell
cycle arrest followed by apoptosis, A549 and CEM cells were treated with SS28 (5 μM for A549 and 2 μM for CEM)
for various time points (6, 12, 18, 24 and 30 h) and cell cycle distribution was studied by flow cytometry. Results
showed significant accumulation of cells at G2/M phase in a time-dependent manner (6 to 24 h) and a subsequent increase in the sub-G1 population, indicative of apoptosis at 30 h in case of A549 (Fig. 2A; Suppl. Fig. 1A).
Thus our result showed a prominent G2/M arrest following SS28 treatment in A549 cells.
Similarly, studies in CEM also showed a distinct G2/M arrest after 12 h of treatment, as compared to vehicle control (Fig. 2B; Suppl. Fig. 1B). However, further increase in incubation resulted in elevated levels of cell
death accounting for observed increase in sub-G1 population. Therefore, our results suggest that SS28 treatment
resulted in cell cycle arrest at G2/M phase leading to apoptosis upon further incubation.
Effect of SS28 on mitotic spindle organization. Since we observed G2/M phase arrest during cell cycle
analysis, we checked whether SS28 affects organisation of spindle microtubule during mitotic progression of
cells. To investigate this, lung cancer cell line, A549 was chosen as it showed significant G2/M arrest. A549 cells
Scientific Reports | 6:34653 | DOI: 10.1038/srep34653
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Figure 3. Docking studies showing SS28 interaction with Tubulin in colchicine binding site and the effect
of SS28 on microtubule dynamics. (A) CEM cells were treated with SS28 (2, 5 and 10 μM) and processed for
the microtubule assembly assay. Supernatant fractions were resolved in 8% SDS-PAGE. The pellet fractions were
immunoblotted using α- Tubulin antibody and quantified. (B) Structure of SS28. (C) Docked pose of SS28 with
Tubulin. SS28 can interact with the colchicine binding pocket of Tubulin with the hydrogen bond interaction
with Lys 254 and Asn 101. SS28 represented in red and colchicine in blue colour.
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treated with SS28 (0, 5 and 10 μM) for 24 h were processed for immunofluorescence microscopy studies (Fig. 2C).
Results showed that ~38% of the cells displayed abnormal spindle organisation upon treatment with 5 μM of
SS28 (Fig. 2C–F). Many cells had multipolar spindles, while others had aberrant bipolar spindles with misaligned
chromosomes (Fig. 2D). Both multipolar spindles and abnormal bipolar spindles were also observed upon 10 μM
SS28 treatment (Fig. 2C–F). The observed abnormal spindle organisation could be due to the binding of SS28
to Tubulin, thereby preventing microtubule polymerisation. A large fraction of cells also showed chromosome
condensation which is a characteristic feature of prometaphase stage of mitosis (Fig. 2E).
Further we used Colchicine treated A549 cells as a positive control for the study (Fig. 2F). Colchicine is known
to destabilise microtubule assembly by binding to Tubulin19,22. Upon treatment with Colchicine, expected chromosome condensation and metaphase arrest was observed as compared to untreated cells (Fig. 2F). Thus, the
compound SS28 significantly affected the microtubule formation leading to chromosome condensation, which
was comparable to that of Colchicine.

SS28 affects the Tubulin polymerisation. Cell based Tubulin polymerisation assay was performed to
check whether SS28 indeed affects the Tubulin polymerisation. Results showed that the pellet fraction containing
the polymerised Tubulin decreased upon treatment with SS28 in a concentration dependent manner (Fig. 3A).
In contrast, the supernatant fraction containing depolymerised microtubules remained equal in all the cases
irrespective of the concentration (Fig. 3A). This suggests that SS28 inhibited the Tubulin polymerisation at a
concentration of 2 μM onwards due to its binding to Tubulin.
To gain insights about SS28 interaction with Tubulin, docking studies were carried out using
Autodock4.2.program. Results showed that, methyl benzene group of SS28 can fit in the methoxytropone ring
(ring C) of colchicine binding site of Tubulin (Fig. 3B,C). Besides the trimethoxy benzene group of SS28 is
involved in the hydrogen bond interactions with Lys 254 and Asn 101 of Tubulin chain with a favourable binding
energy of −6.83 kcal/mol (Fig. 3C). Hence, docking studies revealed potential interaction of SS28 with Tubulin
(Fig. 3C). Thus, our biochemical data in conjunction with docking studies suggest that SS28 can indeed target
Tubulin within the cells.
Scientific Reports | 6:34653 | DOI: 10.1038/srep34653

4

www.nature.com/scientificreports/

pr

oo

f

Figure 4. Evaluation of binding affinity of SS28 to Tubulin. (A) Circular dichroism studies were performed
at 200–260 nm (4 °C) on a JASCO J-810 spectropolarimeter. The spectra of Tubulin alone (1 μM) in PEM buffer
and in presence of increasing concentration of SS28 were recorded. Spectra of buffer containing corresponding
concentrations of DMSO were subtracted from experimental data and presented. (B) Evaluation of change in
fluorescence intensity when increasing concentration of Tubulin was added to SS28. Emission spectra of SS28
alone (10 μM) or with increasing concentration of Tubulin (10, 25, 50, 100, 500 and 1000 nM) were recorded
following incubation at 30 °C for 30 min. The fluorescence intensities were plotted against the wavelength.
(C) The double reciprocal plot of SS28 binding to Tubulin. X axis indicates the concentration of Tubulin and
Y axis represents the differences in the fluorescence intensity.
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SS28 can bind to Tubulin. To test whether SS28 can directly bind to purified Tubulin, purified protein
was incubated with increasing concentration of ligand (500 pM, 1, 10, 100, 1000 nM) in PEM buffer and circular dichroism (CD) was performed. Results showed a shift in the spectrum when SS28 was added from as low
as 500 pM (Fig. 4A). Thus, addition of SS28 to Tubulin significantly increased the molar ellipticity suggesting
alteration in the secondary structure of Tubulin. Further, fluorescence studies were conducted to evaluate the
binding affinity of SS28 to Tubulin. SS28 exhibited fluorescence in aqueous solution, with an emission maximum
at 399 nm. The binding to purified Tubulin results in an induction of fluorescence in a concentration dependent
manner (Fig. 4B). The change in fluorescence of SS28 was used to determine both association and dissociation.
The double reciprocal plot of fluorescence data yielded a dissociation constant (Kd) of 0.414 ±  0.11 μM with a
binding ratio 1:1 (Fig. 4C).
SS28 treatment did not result in ROS production.
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Intracellular ROS production was tested following treatment with SS28 (2 μM) in CEM cells by flow cytometry after staining with H2DCFDA (Suppl. Fig. 2A).
Results did not show generation of ROS when tested for an incubation period as early as 5 min or at later time
points (Suppl. Fig. 2). In contrast, the cells treated with H2O2 showed a distinct ROS production which served as
positive control (Suppl. Fig. 2). Hence, our results suggest that SS28 treatment does not result in ROS production
indicating that cell death is not caused by oxidative stress.

SS28 treatment affected the mitochondrial membrane potential.
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Mitochondrial membrane
potential plays an important role in triggering apoptosis by regulating the membrane permeability23. Therefore,
we checked the effect of SS28 treatment on mitochondrial membrane potential in CEM cells using JC-1 staining
followed by flow cytometry (Fig. 5A). The JC-1 dye, due to an inherent positive charge enters the mitochondrial
matrix due to the negative charge established by the intact mitochondrial membrane potential. When intact mitochondrial membrane potential is absent due to a chemical treatment, JC-1 accumulates in the cytoplasm in monomeric form characterized by green fluorescence. Upon treatment with SS28, a concentration dependant increase
in the green fluoresced cells was observed in contrast to control cells which exhibited maximum red fluorescence
(Fig. 5A,B). Hence our results suggest the loss of mitochondrial membrane potential upon treatment with SS28.

Treatment with SS28 resulted in apoptosis rather than necrosis.

Previous studies suggested that
microtubule-inhibiting agents cause G2/M phase arrest followed by apoptosis24,25. Hence, we used Annexin
V-FITC/PI double-staining method to study apoptosis and necrosis following exposure to SS28 (5 and 10 μM for
48 h) in CEM cells. Results showed that SS28 induced apoptosis in a concentration dependent manner (Fig. 5C).
At 5 μM, 39.8% of cells were in late apoptosis while 28.2% in early apoptotic stage, whereas they were 46.9% and
32.9% respectively, when treated with 10 μM of SS28 (Fig. 5C,D). However, we did not observe any cells undergoing necrosis (Fig. 5C).

SS28 treatment lead to alteration in the expression levels of cell cycle and apoptotic proteins.

In order to study the mechanism by which SS28 induces cell cycle arrest and apoptosis, we studied the expression
levels of some of the cell cycle and apoptotic markers. To accomplish this, CEM and A549 cells were treated with
SS28 (5 μM for 24, 48 and 72 h), cell lysates were prepared and used for western blotting studies. The level of
Cyclin B1, a key regulator of cells entry into mitosis, was increased at 48 h time point in CEM cells followed by a
decrease at 72 h (Fig. 6A,B). However, in case of A549 cell line, the Cyclin B1 level was maintained throughout the
time period, but with a moderate decrease at 48 h (Fig. 6C,D). The expression level of Cdk6 was increased at 24 h
followed by a decrease at 48 and 72 h in both the cell lines tested (Fig. 6).
To further investigate the underlying mechanism of action of SS28 on cancer cell lines, we examined the
possible involvement of apoptotic proteins. Caspase 9, an indicator of intrinsic pathway of apoptosis, showed an
Scientific Reports | 6:34653 | DOI: 10.1038/srep34653
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Figure 5. Effect of SS28 treatment on mitochondrial membrane potential and induction of apoptosis. CEM
cells were treated with SS28 (1, 5, 10, 20 μM) for 48 h, harvested and stained with JC-1 dye and analyzed by flow
cytometry. (A) Upper region represents the healthy cells that emit red fluorescence whereas the lower region
emits the green fluorescence showing the apoptotic population. 2,4 Dinitrophenol was used as the positive
control. (B) Bar graphs represent the ratio of red to green fluorescence. (C,D) Annexin V-FITC and PI staining
to evaluate the effect of SS28 on CEM cells. CEM cells were treated with SS28 and % of apoptotic cells was
determined by staining with Annexin V-FITC and PI. In each panel, the lower left quadrant shows cells which
are negative for both PI and Annexin V-FITC, upper left shows only PI cells which are necrotic. The lower right
quadrant shows Annexin positive cells which are in the early apoptotic stage and the upper right shows the both
Annexin/PI positive, which are in the late apoptosis necrosis. (C) Control cells and cells treated with SS28 are
shown. (D) Histogram represents the percentage of early and late apoptotic cells.

increase in the cleaved Caspase 9 level (Fig. 6). Another marker of apoptosis, Caspase 3 also showed activation
in both the cancer cells, further suggesting activation of apoptosis (Fig. 6). Besides, we also observed activation
of PARP1 upon treatment with SS28 in CEM cells. Since activation of apoptosis was dependent on Caspase 3,
we checked the expression levels of p53. Results showed an upregulation of p53 at 24 h time point followed by
a decrease in the later time points (Fig. 6A,B). However, in A549 cells the expression levels of p73, which is also
involved in the induction of apoptosis remained same (Fig. 6C,D).

SS28 showed inhibition of tumor progression in mice. In order to examine the in vivo effect of SS28

on tumor cell death in a mouse model, tumor was induced in BALB/c mice using EAC cells. A total of 10 mice
were used per batch which included 5 tumor bearing mice (control) and 5 tumor mice treated with SS28 (experimental). The experiment was repeated three independent times. Based on the preliminary studies, we selected a
dose of 15 mg/kg body weight for the investigation. After 12th day of EAC injection, when small sized tumor was
visible, the animals were treated with nine doses of SS28 (every alternate day). Results showed that there was no
further tumor progression in the mice when SS28 was administered, unlike the untreated tumor control mice
(Fig. 7A). Tumor progression was analysed upto 28 days in the study. Therefore, we observed that SS28 treatment
resulted in inhibition of tumor cell proliferation, although we did not observe complete regression of the tumor.

Effect of SS28 on normal mice. In order to evaluate possible side effects due to SS28 treatment, a total of
10 BALB/c mice were used. Among them five animals were administered with SS28 (15 mg/kg, 9 doses) while
other 5 mice were used as tumor control without any treatment. Results showed that there was no significant
difference in body weight of the animals following SS28 treatment (Fig. 7B). To further check the side effects, we
performed haematological, liver and kidney function assays. The mice were sacrificed on 21st day of the treatment
and used for the investigation. Results showed no significant difference in the number of RBCs and WBCs upon
Scientific Reports | 6:34653 | DOI: 10.1038/srep34653
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Figure 6. Expression levels of apoptotic proteins and cell cycle regulatory proteins in A549 and CEM
cell lines upon treatment with SS28. A549 and CEM cells were treated with SS28 (5 μM) for 24, 48 and 72 h.
Whole cell lysate was prepared and proteins were resolved on a SDS-PAGE and western blotting was performed
using specific primary and secondary antibodies. Blots shown are representative blots of two independent
experiments with identical results. Actin was used as the loading control. (A) For CEM cells p53, Ku70, Cyclin
B1, Cdk6, PARP-1, Caspase 9 and Caspase 3 proteins were evaluated. (B) Quantification of the proteins shown
in panel A is represented as bar diagram with error bars. (C) For A549 cells, p73, Ku80, Cdk6, Cyclin B1,
Caspase 9 and Caspase 3 proteins were evaluated. (D) Quantification of the respective proteins is shown in bar
diagram with error bars.
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treatment with SS28 (Fig. 7C). Further, we found that the ALP level was slightly higher in the treated animals. But
there was no significant difference in the level of ALT, the marker for normal liver function, upon treatment with
SS28 (Fig. 7D). Further, there was no significant difference in the levels of creatinine and urea in the serum which
indicates efficient kidney function (Fig. 7E). Thus, our study indicated that SS28 treatment did not result in any
major toxicity on functions of normal tissues.

Pharmacokinetics of SS28 in mice models.

SS28 was administered intraperitonealy and the concentration of the compound was measured in plasma using a standard plot. Blood was drawn from the heart at
15 min, 30 min, 1 and 2 h of the administration of SS28. Bioavailability data were obtained by measuring the
concentration by high-performance liquid chromatography in serum samples taken at different times after SS28
administration (Fig. 7F). Results showed a significant increase in the level of SS28 in the plasma when collected
30 min after the injection, although the compound was detectable both at 15 min and 1 h post-treatment (Fig. 7F).
We observed a significant decrease in the levels of SS28 after 1 h of treatment.

Discussion

Resveratrol, trans-3,5,4’-trihydroxy-trans-stilbene, is a natural polyphenol with potent chemopreventive and
chemotherapeutic properties9,26. It can modulate multiple cellular processes, including apoptosis, cell cycle progression, inflammation and angiogenesis26. Moreover, previous studies have shown that hydroxy stilbenes and
its derivatives can act as potential anticancer agents by targeting microtubule assembly dynamics27,28. In view of
the cancer preventive and chemotherapeutic property of resveratrol, we synthesised and characterised a series of
resveratrol derivatives and identified SS28 as a potent anticancer molecule21.
In the present study, we have investigated the mechanism of action of SS28 with its molecular target, Tubulin
by binding studies in conjunction with the cell based assays, ex vivo and in vivo. We show that SS28 induced
cytotoxicity in most of the cancer cell lines investigated, in a concentration-dependent manner. SS28 showed only
limited cytotoxicty on kidney epithelial cell line and PBMCs. SS28 treatment led to G2/M phase arrest in both
A549 and CEM cells followed by increased accumulation of cells in Sub G1 phase in a time dependent manner
Scientific Reports | 6:34653 | DOI: 10.1038/srep34653
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Figure 7. Impact of SS28 on tumor bearing mouse and evaluation of side effects of SS28 in normal
BALB/c mice. (A) Nine doses of SS28 (15 mg/kg. b.wt.) were administered orally on every alternate day from
12th day of EAC cell injection in mice. Data shows volume of tumor measured at different time intervals, with
and without treatment of SS28. Results depicted from three independent batches of experiments containing
10 animals each. (B) Mice were orally administered with nine doses of SS28 (15 mg/kg) on every alternate
day. Data represented as average body weight in both the controls and SS28 treated mice. Error bars indicate
SEM. (C–E) Hematological profile and renal and liver functional assay. Blood was collected on the 21st day
of the treatment counted RBC and WBC (C) and serum was tested for alkaline phosphatase (ALP), alanine
aminotransferase (ALT) (D), urea and creatinine (E). Columns represent mean from five animals in each
group; bars SEM. (F) Pharmacokinetics of SS28 in mice plasma. SS28 was injected intraperitonealy to mice
and blood was collected and processed as described in materials and methods. Data represented in time points
versus the peak area as the function of the concentration of SS28 in plasma.

suggesting activation of cell death pathways following induction of cell cycle arrest. Previous studies have shown
such a cell cycle arrest by various chemotherapeutic agents. Examples include nocodazole and paclitaxel, both
targeting microtubule formation resulting in the G2/M cell cycle arrest followed by apoptosis both ex vivo29 and
in vivo30. Besides, the observed regulation of expression of checkpoint proteins corresponding to the cell cycle
dynamics can also explain the cell cycle arrest mediated by SS28. Cyclin B1 is known to be involved in G2/M cell
cycle progression, and is a regulator for G2/M transition31. SS28 treatment led to decrease in the cyclin B1 level
further explaining the observed cell cycle arrest.
The assembly dynamics of spindle microtubules is crucial for chromosome segregation during mitosis. It has
been shown that many antimitotic drugs inhibit mitosis at the metaphase/anaphase transition at lower concentrations primarily by suppressing microtubule dynamics32–36. We find that SS28 induced disassembly of microtubules with misconfigured chromosomes in A549 cell line. The observed effect is comparable to many other potent
antimitotic drugs with respect to morphology of spindles in blocked cells1,37,38. Interestingly, we noted that SS28
treated cells exhibited more distinct structures than the colchicine treated positive controls suggesting that SS28
has strong affinity to interact with Tubulin in cells, thereby inhibiting the microtubule assembly compared to
colchicine. Furthermore, the microtubule assembly assay suggests that SS28 inhibits the Tubulin polymerisation
by binding to Tubulin in a concentration dependent manner.
Docking studies indicated that SS28 can bind to colchicine binding pocket in Tubulin. CD studies revealed that
SS28 can bind to Tubulin leading to increased molar ellipticity indicating conformational change in protein following SS28 binding (Fig. 4A). Besides, fluorescence studies suggested a dissociation constant of 0.414 ±  0.11 μM indicating that the binding affinity of SS28 to Tubulin is comparable to that of colchicine39. Moreover, SS28 exhibited
an increase in fluorescence upon binding to Tubulin, which was comparable to that known for colchicine40. The
molecular modeling data showed that methyl benzene group of SS28 can fit in the methoxytropone ring (ring C)
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of colchicine binding site on Tubulin (Fig. 3C). The results of docking studies were further supported by preliminary competition studies (data not shown). The change in the fluorescence spectra upon addition of SS28 and
colchicine together indicate the binding of SS28 to the colchicine binding site on Tubulin. In support of this data,
AC, a colchicine analog, which has A and C ring, which binds to Tubulin rapidly and reversibly to its colchicine
site shows increase of fluorescence41.
In an earlier study, it has been shown that methylated derivatives of flavonoids exhibit higher antiproliferative
potency on cancer cells than their hydroxylated counterparts42. In the present study, the small molecule (SS28)
evaluated is a methoxy derivative of resveratrol exhibiting significant anticancer properties by affecting Tubulin
proliferation. Increased lipophilic properties of the methoxy derivative of resveratrol can help in increased uptake
through the cell membrane, besides targeting Tubulin. Our results also support the notion that methylation of the
hydroxyl groups, could be the critical modification required for interference of Tubulin polymerization.
Annexin V FITC/PI staining showed presence of both early and late apoptotic cells, which increased in a
dose-dependent manner upon treatment with SS28. However, we did not find cells undergoing necrosis, which
was also consistent with previous studies using resveratrol based inhibitors. Thus, cytotoxicity induced by SS28
was mainly due to apoptosis rather than necrosis. Further, the observed reduction in the mitochondrial membrane potential following treatment is consistent with induction of apoptosis by SS28. Caspase family plays a key
role in apoptosis through the proteolysis of specific targets. Intracellular caspases are activated during apoptosis
via two major pathways, mitochondria-mediated pathway and death receptor-mediated pathway43. Expression
analysis showed activation of Caspase 3, Caspase 9 and PARP-1 suggesting activation of intrinsic pathway of
apoptosis23,43,44.
Our data also showed that SS28 inhibited tumor cell proliferation in mouse bearing EAC tumor. EAC cells
possessing malignant features of cancer are commonly used for inducing tumors in mice and for evaluating
anticancer activity of small molecules in vivo45,46. Our results showed that in control animals, the tumor showed
unrestricted progression, whereas in SS28 treated mice, a significant reduction in the tumor size was observed.
Hematological and enzymatic assays showed that SS28 did not interfere with other cellular functions. Thus, as
a proof of principle we show that the novel Tubulin inhibitor identified here inhibits tumor progression in mice
without major side effects.
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In summary, the results of the present study show that SS28, a resveratrol based Tubulin inhibitor can function as
an antimitotic agent and inhibit cell proliferation in various cancer cell lines. SS28 acts by disrupting the microtubule formation by binding to Tubulin leading to cell death, which is mediated through intrinsic pathway of
apoptosis in cell lines and mouse tumor tissues. Thus, our results suggest that SS28 can act as a potent microtubule
targeting agent and further can be developed as an anticancer drug.
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Chemicals and reagents. All the chemicals and reagents used in the present study were obtained from
Sigma Chemical Co (St. Louis, MO) and SRL (India). Antibodies were purchased from Santa Cruz Biotechnology
(USA) and Cell Signaling Technology (USA). Purified Tubulin was purchased from MP Biomedicals (France).
Synthesis and characterization of SS28 [(E)-1,2,3-trimethoxy-5-(4-methylstyryl)benzene (6 h)] has been
described previously21.
Cell lines and culture conditions. Human T-cell leukemic cell line, CEM; human lung carcinoma cell line,
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A549; Human T-cell leukemic cell line, Molt4; human cervix adenocarcinoma cell line, HeLa; human embryonic
kidney epithelial cell line, 293T, Mouse embryonic fibroblast (MEF) were purchased from National Centre for
Cell Science, Pune, India. Human B cell leukemic cell lines, Reh and Nalm6 were a kind gift from Dr. M. Lieber
and Diffuse large B cell lymphoma cell line, SUDHL8 was a gift from Dr. A. Epstein, USA and PBMC purchased
from Saarum Biosciences, India. Cells were cultured in RPMI/MEM/Ham’s F12 media 1640 (Sera Lab, USA)
containing 10% FBS (GIBCO BRL, USA), 100 U of Penicillin G/ml and 100 mg/ml of streptomycin/ml at 37 °C in
a humidified atmosphere containing 5% CO2.

Molecular modeling of SS28-Tubulin complex. 3D structure of SS28 was generated in Discovery studio

package using in-built dreiding-like force field (Discovery Studio 4.0. Accelrys, USA). 3D crystal structure of
α, β-Tubulin bound with colchicine was retrieved from protein databank (PDB ID: 3UT5, www.rcsb.org/pdb)17.
Molecular docking studies were carried out with Autodock4.2 program47. Briefly, SS28 was docked in colchicine
binding site keeping the grid centres 9.45, 56.62 and 87.95 for X, Y and Z respectively (npts = 50 for X, Y and Z,
spacing = 0.375). Rigid docking was carried out using Lamarckian genetic algorithm (GA run was kept 20 with
medium search parameter). Best pose was selected according to lower binding energy and presented in the final
image using Pymol.

Circular dichroism. Purified Tubulin (1 μM) was resuspended in PEM buffer (80 mM PIPES (pH 6.9), 2 mM
MgCl2, 0.5 mM EGTA, 1.0 mM GTP and 5% glycerol) and CD spectrum was recorded at a wavelength of 200 to
260 nm (4 °C) on a JASCO J-810 spectropolarimeter. 3 cycles were acquired for each sample at a scan speed of
100 nm/sec. Increasing concentration of SS28 (500 pM, 1, 10, 100 and 1000 nM) was incubated with Tubulin (1 μM
 )
in PEM buffer and the spectrum was recorded. Spectral measurements were taken for buffer alone and buffer
containing DMSO were subtracted from experimental data. The molar ellipticity was calculated using Spectra
Manager software and plotted as a function of wavelength.
Fluorescence polarisation. Fluorescence spectral measurements were performed using Infinite M200 PRO
microplate reader (Tecan Group Ltd., Switzerland). Briefly, SS28 (10 μM) was preincubated with increasing
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concentration of Tubulin (10, 25, 50, 100, 500 and 1000 nM) at 30 °C for 30 min. SS28 Tubulin complex was then
scanned for the emission spectra from 345 to 545 nm at 315 nm excitation range. Resulting fluorescence intensity
was plotted as the function of wavelength.
The dissociation constant (Kd) was determined using double reciprocal plot of change in fluorescence of
SS28 (1/Δ(F0-F)) as a function of protein concentration by the method of Benesi and Hildebrand assuming a
1:1 binding of SS28 to Tubulin48. The spectral measurements were recorded three times and SEM was calculated.

Cell proliferation assays.
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The effect of SS28 on viability of CEM, Reh, Nalm6, SUDHL8, Molt4, A549,
HeLa 293T, mouse embryonic fibroblast (MEF) and PBMC was determined by trypan blue dye exclusion assay
as described previously49,50. Briefly, cells (0.75 ×  105 cells/ml) were treated with increasing concentrations of SS28
(1, 5, 10 and 20, μM) for 48 and 72 h. DMSO treated cells were used as the vehicle control. Cells were harvested
and subjected to trypan blue assay. Data from a minimum of three independent experiments is presented as a
histogram with error bars.
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide) assay was performed to determine the
effect of SS28 on proliferation of cells as described51,52. Briefly, CEM, Reh, Nalm6, SUDHL8, Molt4, A549, HeLa
and 293T cells (0.5 ×  105 cells/ml) were seeded in 24 well plate and treated with increasing concentrations of SS28
(1, 5, 10, 20 μM). MTT assay was performed after 48 and 72 h of incubation. The absorbance of experimental
samples were divided by absorbance of untreated control, and presented as % of inhibition and shown as a bar
diagram. DMSO treated cells, served as vehicle control. Error bars were calculated based on a minimum of three
independent experiments and data is presented as histogram.

Cell cycle phase distribution.
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Cell cycle analysis by flow cytometry was performed as previously
described53. Briefly, 75,000 cells/ml (A549) were seeded in 6 well plates and grown in serum free medium for 18 h.
After synchronisation, the cells were treated with 5 μM of SS28 (6, 12, 18, 24 and 30 h) and cells were processed as
described before53,54. Similarly, CEM cells (75,000 cells/ml) were treated with SS28 (2 μM) and harvested (6, 12,
18, 24 and 30 h) and processed. Following fixation, cells were resuspended in PBS and stained with propidium
iodide and evaluated in a flow cytometer (FACS Calibur, Becton Dickinson) using Cell Quest Pro software using
excitation 488 nm laser and emission at 560/570 nm. A minimum of 10,000 cells were acquired per sample and
histograms were analysed using WinMDI 2.8 software.
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Annexin V-FITC/PI double-staining assay. When cells undergo apoptosis, the integrity of the cell membrane is disrupted and phosphatidyl serine is exposed. Annexin V conjugated with FITC (apoptosis detection kit
Santacruz, USA) has a selective affinity for phosphatidyl serine, based on which early and late apoptotic cells can
be detected.
CEM cells (1 ×  105 cells/ml) were treated with SS28 (5 and 10 μM) for 48 h. Cells were then harvested, washed
with cold PBS and used for annexin-PI double-staining assay55,56. Samples were resuspended in 1x binding buffer
and incubated with Annexin V-FITC (0.4 g/μl) and PI (0.05 mg/ml) and analyzed by flow cytometry (FACS calibur) using CellQuest pro software at an excitation with 488 nm laser and emission at 530 nm55. A minimum of
10,000 cells were acquired for each sample and illustrated as dot plot using Flowing software.
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Determination of mitochondrial transmembrane potential. Flow cytometric analysis of cells stained
with JC-1 was used to measure changes in mitochondrial transmembrane potential as described49,56. Briefly, cells
were seeded at a density of 1 ×  105 cells/ml and treated with SS28 (1, 5, 10 and 20 μM). After 48 h, cells were
harvested, washed and incubated with JC-1 (5,5’,6,6 tetrachloro-1,1’,3,3’-tetraethyl benzimidazol carbocyanine
iodide; Calbiochem, USA) for 15 min. 2,4-Dinitrophenol-treated cells (2,4-DNP) served as the positive control.
Cells were processed and analyzed by flow cytometry using CellQuest pro software with an excitation at 488 nm
laser and emission at 530 nm. JC-1 monomers emit at 530 nm and J-aggregates emit at 590 nm.

U

Assay for intracellular ROS production.

Intracellular ROS generation in cells was assessed using the
oxidation-sensitive fluorescent probe 2,7-dichlorodihydro fluorescein diacetate (H2DCFDA) as previously
described52,57. CEM cells were treated with SS28 (5 μM) for 5, 10, 15, 30 and 60 min, harvested, washed and incubated with H2DCFDA (30 min at 37 °C) and then fluorescence intensity was analyzed by flow cytometry. H2O2
was used as the positive control.

Immunofluorescence microscopy. Immunofluorescence microscopy was performed as previously
described51,58. A549 cells were grown on coverslips coated with gelatin (0.1%). Cells were treated with SS28 (5 μM, 24 h)
and were fixed with 2% p-formaldehyde (20 min at RT). After 24 h of the treatment nonspecific antibody binding sites were blocked using FBS following which cells were incubated with antitubulin antibody (1:500) at RT.
Coverslips were washed in PBS, incubated in biotinylated antimouse secondary antibody (1:500; RT for 1 h) followed by Streptavidin-FITC (1:200). Finally, cells were mounted with DABCO and images were captured using
Zeiss Fluorescence microscope and analyzed using Axio vision software. Colchicine treated cells were used as a
positive control.
Microtubule assembly assay. Separation of insoluble polymerized Tubulin from soluble Tubulin dimers
was performed as described59. In brief, CEM cells (1 ×  106) were treated with 2, 5 and 10 μM of SS28 for 24 h. Cells
were harvested and washed with PBS before adding polymerization lysate buffer containing 20 mM Tris-HCl
(pH 6.8), 1 mM MgCl2, 2 mM EGTA, 20 g/ml aprotinin, 20 g/ml leupeptin, 1 mM phenylmethylsulfonyl fluoride,
1 mM orthovanadate and 0.5% NP-40. After centrifugation of the lysates at 15,000 × g for 10 min at 4 °C, the pellets were resuspended in SDS-PAGE loading buffer and dissolved by heating at 95 °C for 10 min. α-Tubulin was
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then immunoblotted for the pellet fraction containing polymerized microtubules and supernatants containing
depolymerised microtubules were equalised and resolved on 8% SDS PAGE.

Immunoblotting. Cell lysate was prepared after treating with SS28 (5 μM for 24, 48 and 72 h) from CEM and

A549 cell lines58,60. In brief, cells were harvested, washed with PBS, resuspended in lysis buffer (RIPA, 25 mM Tris
(pH 7.6), 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate and 0.1% SDS) containing protease inhibitors. The
protein lysate was cleared by centrifugation (14,000 rpm, for 15 min). The protein concentration in the supernatant was determined using the Bradford’s assay.
For western blot analysis, ~40 μg proteins were resolved over 8–10% SDS–polyacrylamide gel60–62. Following
gel electrophoresis, proteins were transferred to PVDF membrane (Millipore, USAQ9). The primary antibodies
used were against Caspase 3, Caspase 9, p73, p53, KU70, KU80, Cyclin B1, CDK6, PARP1 and Actin (Santa Cruz
Biotechnology, USA). The membrane was incubated with appropriate HRP-conjugated secondary antibody (2 h at
4° C). The blots were developed using chemiluminescent solution (ImmobilonTM western, Millipore) and scanned
by gel documentation system (LAS 3000, FUJI, Japan). Blots were stripped subsequently as per standard protocols
and reprobed with anti β-Actin antibody.

f

In vivo experiments. Animals. All the animal experiments were performed as per the principles and guide-
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lines of the ethical committee for animal care of Indian Institute of Science (IISc) in accordance with Indian National
Law on animal care and use. The Institutional Animal Ethics Committee of Indian Institute of Science, Bangalore,
India approved the experimental design of the present study (Ref. CAF/Ethics/288/2012). BALB/c mice, 8–10 week
old, weighing 18–22 g were purchased from central animal facility, IISc, India and used for the study. The animals
were housed in polypropylene cages and provided standard pellet diet (Agro Corporation Pvt. Ltd., Bangalore,
India) and water ad libitum. The standard pellet diet is composed of 21% protein, 5% lipids, 4% crude fiber, 8% ash,
1% calcium, 0.6% phosphorus, 3.4% glucose, 2% vitamin, and 55% nitrogen-free extract (carbohydrates). The mice
were maintained under controlled conditions of temperature and humidity with a 12 h light/dark cycle.
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Preparation of Ehrlich ascites carcinoma (EAC) cells for induction of tumor. EAC cells were collected from donor
mice (Swiss albino) and resuspended in sterile saline. A fixed number of viable cells were injected into the peritoneal cavity of each recipient mouse and were allowed to multiply. The cells were withdrawn, diluted in saline and
injected (15 ×  105 cells/animal) into the right thigh tissue of experimental animals for developing solid tumor.

re

ct

Evaluation of antitumor activity of SS28 in mice models. A total number of 30 BALB/c mice were divided into
three batches and were used for the present study. EAC cells (15 ×  105 cells/animal) were injected into right thigh
for the development of solid tumor as described previously57,61,63. Among the 10 animals in each batch, 5 animals
served as tumor control and the rest 5 animals received SS28 treatment (15 mg/kg b.wt.) by oral administration
using gastric gavage. The dose used was selected based on preliminary studies. The first dose was given after 12th
day of tumor development (9 doses over a period of 3 weeks). The diameter of developing tumor was measured
using vernier calipers at alternative days for entire life span of tumor animal and tumor volume was calculated
using the formula V =  0.5 ×  a ×  b2, where “a” and “b” indicates the major and minor diameter, respectively61.
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Evaluation of toxicity of SS28 in normal mice. A total number of 10 BALB/c mice were used for the study, of
which 5 animals served as normal control while, remaining 5 were treated with SS28 (15 mg/kg). Body weight of
each animal was monitored throughout the experiment and average body weight was calculated on 21st day of
treatment. In order to evaluate the effect of SS28 on physiological functions, blood was collected (21st day) and
analysed as described earlier61. The blood plasma was analyzed using Neubauer’s chamber, and mean values of
total red blood cells (RBCs) and white blood cells (WBCs) were determined. Serum was separated and kidney
and liver function tests were performed for each animal, to determine alkaline phosphatase (ALP), alkaline transferase (ALT), creatinine and urea levels as described earlier61. Values are presented as mean ± SEM for both the
controls and SS28 administered mice.

In vivo pharmacokinetics study. HPLC analysis of serum. Control and SS28 (15 mg/kg b.wt.) treated
BALB/c mice were sacrificed and blood was collected at various time points (15, 30 min, 1 and 2 h; 2 each/time
point) as described9,26. Plasma (50 μl) was then extracted with acetonitrile, centrifuged (3,000 × g for 15 min) to
remove precipitated proteins and the resulting supernatants were analyzed using HPLC (Waters, USA).
Standard solution of SS28 was prepared by dissolving increasing concentration (25 to 100 μM) of the compound in acetonitrile. Standard calibration curves were plotted using peak area against the concentration of the
compound and the retention time of the compound was also determined. Plasma concentrations of the treated
groups were extrapolated from standard curves constructed by linear regression in Graph-Pad Prism 4.0 software
(GraphPad Software, Inc.).
Statistical Analysis. As specified, values in tables and figures are expressed as the mean ± SEM of two to three
independent experiments. Statistical comparisons were made by one-way ANOVA followed by Student’s t test
using Graph-Pad Prism 4.0 software (GraphPad Software, Inc.). A probability value of <0.05 was considered to
be significant.
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The antiapoptotic protein BCL2 is overexpressed in several cancers and
contributes to prolonged cell survival and chemoresistance, lending itself as
an excellent target for cancer therapy. Here, we report the design, synthesis, and characterization of Disarib, a novel BCL2 inhibitor. Disarib
showed selective cytotoxicity in BCL2 high cancer cell lines, and CLL
patient primary cells, as compared to BCL2 low cell lines. BCL2 knock
down in cells rendered remarkable resistance to Disarib, while sensitivity
was regained upon its ectopic expression, establishing target specificity.
In silico, biochemical and biophysical studies demonstrated strong affinity
of Disarib to BCL2, but not to other antiapoptotic BCL2 family members
viz., BCL-xL, BCL2A1 etc. Interestingly, biophysical studies showed that
BH1 domain deletion mutant demonstrated ~ 67-fold reduction in BCL2Disarib interaction, while it was only ~ 20-fold in the case of BH3 deletion
mutant, suggesting predominant involvement of the BH1 domain for Disarib binding. Thus, we report identification of a novel BCL2 inhibitor with
a unique mechanism of BCL2 inhibition, as opposed to the well-studied
BH3 domain targeting.

doi:10.1111/febs.13815

Introduction
Apoptosis, a physiological process of programmed cell
death, is crucial during both development and regulation of normal cell proliferation in differentiated
tissues [1]. It involves a complex network of protein–
protein interactions that relies on the balance between
antiapoptotic (BCL2, BCL-xL, BCL2A1, BCLw, and
MCL1) and proapoptotic (BAX, BAK, BAD, BID,
PUMA, and BIM) proteins [2,3]. Antiapoptotic proteins possess four BCL2 homology domains (BH1,

BH2, BH3, and BH4) and a C-terminal transmembrane domain. Proapoptotic proteins have BH1, BH2,
BH3, and transmembrane domains [4]. The proapoptotic proteins upon homodimerization form pores in
the mitochondrial membrane, leading to mitochondrial
outer membrane permeabilization releasing apoptotic
factors [4].
Hyperproliferation and survival in many malignancies is attributed to the upregulation of antiapoptotic

Abbreviations
BCL2, B-cell lymphoma 2; BH, BCL2 homology; CD, circular dichroism; CLL, chronic lymphocytic leukemia; MMP, mitochondrial membrane
potential.
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proteins, BCL2 and BCL-xL. BCL2 upregulation has
been reported in B-cell lymphomas and leukemias
(60–80%), colorectal adenocarcinomas (90%), breast
cancer (70%), and prostate cancer (30–60%), and
additionally in lung and nasopharyngeal carcinomas
[5–7]. Besides, BCL2 overexpression is a feature of
many chemoresistant tumors [8,9]. Hence, treatment
modalities that either target BCL2 alone or in combination with other drugs, are desirable. Since the physiological level of BCL2 in normal dividing cells is low,
it is considered an attractive cancer therapeutic target.
Moreover, BCL2 overexpressing cells become sensitive
to cell death upon its inhibition, even in the presence
of other antiapoptotic proteins [10].
Three classes of previously reported BCL2 inhibitors
include BCL2 antisense oligonucleotides [11], BH3derived peptides [12,13] and BH3-targeted small molecule inhibitors [14]. Among these, small molecule
inhibitors are gaining prominence due to their
amenability to design, development, and in vivo administration. Prominent examples of this class include
YC137 [15], ABT737 [16], ABT199 [17], and Tw37 [18].
Among these, YC137 and ABT199 are BCL2 specific,
while ABT737 and Tw37 are pan active [19].
Many BCL2 inhibitors described so far target the well
conserved BH3 domain of BCL2 [17,20]. Apparently,
specificity for ABT199 is conferred by a hydrogen bond
involving Asp103 in the BH3 domain of BCL2 (Asp 103
is replaced by Glu 103 in BCL-xL). Therefore, binding
of an inhibitor to differential residues in the hydrophobic groove can be an effective strategy for BCL2 specificity. Although all the antiapoptotic BCL2 family
members engage the proapoptotic partners along their
hydrophobic groove, sequence variability and subtle
conformational differences among them can be
exploited to design specific inhibitors.
In this study, we report the design, synthesis, and
characterization of a novel small molecule inhibitor,
Disarib. Disarib confers selective sensitivity to BCL2
overexpressing cells and acts in a target-specific manner both in leukemic cell lines and primary cancer cells
derived from patients. Disarib binds predominantly to
BH1 domain of BCL2 and does not interfere significantly with other members of the BCL2 antiapoptotic
family.

Results
Design of potential novel BCL2 inhibitors
3-substituted indolin-2-one compounds are known to
possess anticancer properties [21,22]. A molecule of
this class, Z24, with antiangiogenic properties was

Identification of a novel inhibitor of BCL2

considered as a potential BCL2 inhibitor due to its
ability to dock onto BCL2 in silico and exhibit moderate cytotoxicity against cells with ectopic BCL2 expression [23]. In the present study, we have used chemical
backbones derived from Z24 to evaluate their relative
affinities to BCL2 in silico, with the objective of
obtaining more specific and effective BCL2 inhibitors.
A chemical backbone 5 was found to dock into the
BCL2 hydrophobic cleft that acts as a receptacle for
the BH1 and BH3 domains of proapoptotic proteins
(Fig. 1A,B). Thus, a panel of 17 derivatives of backbone 5 possessing varying alkyl substitutions was generated (5a–5t), and chemically and biologically
characterized (Fig. 1C,D). Docking studies revealed
their binding onto the BCL2 hydrophobic groove with
different binding affinities (data not shown). Among
the panel of molecules, the compound 5m, renamed
Disarib, showed the most favorable binding energy
(10.4 kcalmol1).
Screening of potential BCL2 inhibitors for target
specificity
Synthesized compounds were tested for target specificity in cells with varying levels of endogenous BCL2
expression. Leukemia cell lines, NALM6 and CEM
(high BCL2 expression) and chronic myelogenous leukemia cell line, K562 (low BCL2 expression), were
chosen for further studies [24]. Results showed that 5a,
5b, 5c, 5e, 5f, 5g, 5m, and 5o exhibited low IC50 values
(2–4 lM) (Table 1). Further analysis for BCL2 specificity showed that 5m (Disarib) and 5t were the only
molecules that displayed activity in a target-dependent
manner. Interestingly, Disarib exhibited the lowest
IC50 values in both CEM and NALM6, while its effect
on K562 was ~ 6 times lower as compared to NALM6
(Table 1). Hence, Disarib was further characterized by
NMR, and LC-MS (Fig. 2A–B). The structure of Disarib is composed of a central imidazothiadiazole ring
A, flanked by benzyl and phenyl rings (B, C), and an
indole ring (D) placed in parallel and antiparallel
directions (Fig. 2C).
Disarib induces cytotoxicity in various cancer cell
lines in a BCL2 level-dependent manner
The cytotoxic effects of Disarib were compared in
various cancer cell lines and a noncancerous cell line
(293T). Results showed that viability was significantly reduced at 48 h of treatment in cells expressing higher levels of BCL2 (REH, NALM6, CEM
P388D1, A2780, Molt4), while cells with low BCL2
(K562, T47D, 293T, HeLa, LNCaP) exhibited
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Fig. 1. Design, synthesis, biochemical, and biological characterization of potential BCL2 inhibitors. (A) Basic chemical backbone of compound
series 5, used for evaluating BCL2 affinity. (B) Docked orientation of compound 5 (pink sticks) in the putative binding pocket (blue) along the
hydrophobic groove of BCL2 (gray surface). Residues (white) forming the putative binding pocket and domains BH1 and BH3 of BCL2 are
indicated. (C) Scheme for chemical synthesis of the molecular backbone of potential BCL2 inhibitors, 5a–5t. Alcohol, sodium carbonate (a),
POCl3, DMF, 80–90 °C (b), 2-indoliaone, CH3OH, piperidine, 30 min (c). (D) Table summarizing the chemical characterization of the panel of
synthesized compounds, which includes compound code, nature of the side chain alkyl groups (R, R0 ), molecular weight (Mol Wt), molecular
formula (Mol Formula), melting points (MP), and Rf (retardation factor). “*” indicates decomposed stage.
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Table 1. Table showing comparison of IC50 values of the
synthesized small molecules, based on their cytotoxicity in
NALM6, K562, and CEM cell lines. IC50 values were based on cell
proliferation as assayed by MTT at 48 h following addition of
compounds. Percentage of cell proliferation was plotted relative to
cells treated with DMSO, the vehicle control. In each case,
experiments were performed a minimum of three times, data are
presented as mean  SEM.
Compound

NALM6

K562

CEM

5a
5b
5c
5e
5f
5g
5i
5j
5l
5m
5n
5o
5p
5q
5r
5s
5t

3.0
14.0
25
25.0
20.5
2.5
12.5
25.0
62.5
2.53
10.0
2.0
41.87
50.37
> 125
35.0
10.0

3.25
2.75
4.75
13.5
3.25
2.75
5.0
17.5
12.5
31.00
15.0
3.5
40
15.62
45
37.5
70.0

11.0
6.0
26.0
2.5
17.0
23.25
42.5
5.0
15.0
2.46
47.5
20.25
50
28.12
50
39.37
13.75

reduced cytotoxicity (Fig. 3A,B). Interestingly, the
effect was minimal in the noncancerous cell line,
293T (Fig. 3A,B). Thus, our data suggest that Disarib-induced cytotoxicity is correlated with the levels
of BCL2 expression.
To rule out the possibility that cytotoxic effect of
Disarib is dependent on the electrophilic properties of
the chemical backbone used for generating the series
of potential BCL2 inhibitors, we compared the cytotoxicity induced by Disarib with that of inactive compound 5p as a control. Live-dead cell assay results
showed a distinct difference between the sensitivity of
NALM6 cells when exposed to Disarib, as compared
to 5p (data not shown).
Knockdown and ectopic expression of BCL2
affects Disarib sensitivity in cells
In order to determine the correlation between observed
Disarib sensitivity in cells and BCL2 expression,
siRNA-mediated knockdown of BCL2 in NALM6
cells was performed. siRNA concentration of 250 nM
was chosen as it reduced BCL2 expression by ~ 80%
in NALM6 cells (Fig. 4A). NALM6 cells were transfected with either BCL2-specific or scrambled siRNA
24 h prior to the addition of Disarib. Results showed

a dose-dependent decrease in the sensitivity of cells to
Disarib upon BCL2 knockdown (Fig. 4B) suggesting a
direct correlation between the level of BCL2 expression and Disarib sensitivity. Importantly, we also find
that Disarib treatment (5 lM) following restoration of
BCL2 levels (pCMV-SPORT-BCL2, ~ 80% expression
as compared to controls) imparts significant cytotoxicity, in contrast to BCL2 knockdown cells (Fig. 4C,D).
Importantly, it is possible that Disarib, upon binding
to BCL2 protein, disrupts the interaction between
BCL2 and its proapoptotic partners such as BAK or
BAX, subsequently leading to apoptosis. Thus, the loss
of BCL2 function, due to Disarib administration could
lead to the observed cytotoxicity. In contrast, siRNAmediated knockdown of BCL2 will result in a decrease
in the expression of the BCL2 protein and that might
allow other antiapoptotic proteins to take over potential BCL2 function inside cells, preventing cytotoxicity.
Consistent with this, there are reports of cells compensating the downregulation of their main antiapoptotic
protein by the upregulation of another antiapoptotic
protein that is functionally redundant [25]. A similar
mechanism may be operational during downregulation
of BCL2 expression and may explain the observed cell
viability.
In order to further confirm the target specificity of
Disarib, other members of BCL2 family proteins,
MCL1 and BCL2A1, were overexpressed in NALM6
cells (Fig. 4E), and subsequently subjected to Disarib
treatment (5 lM). Interestingly, overexpression of
MCL1 and BCL2A1 did not affect the sensitivity of
cells to Disarib, confirming its BCL2-specific action
(Fig. 4F).
Taken together, these results demonstrate BCL2
dependency of Disarib activity, thereby confirming its
specificity.
Disarib binds to BCL2, but not to other
antiapoptotic BCL2 family proteins
In order to test whether Disarib can bind to BCL2
directly, by occupying the hydrophobic proapoptotic
BH3-binding groove, detailed in silico docking studies
were performed. Using AutoDock Vina [26], Disarib
was docked with full-length BCL2 as well as with
transmembrane-truncated BCL2 (Fig. 5A). The Disarib-binding pocket of BCL2 is defined by residues
D103, F104, Y108, V133, N143, W144, F153, and
V199 (encompassing the region between helices a2,
loop b/w a2 & a3, a5, and a7) along the hydrophobic
groove of BCL2 (Fig. 1B). The aromatic ring A (imidazo[2,1-b][1,3,4]thiadiazole) of Disarib is placed at
the centre of the binding pocket and stacks well with
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Fig. 2. Biophysical characterization of Disarib. (A) NMR spectrum of Disarib, used for elucidating the chemical structure. (B) LC-MS
spectrum of Disarib for evaluating the purity of compound. (C) Chemical structure of 5m (Disarib).
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Fig. 3. Evaluation of cytotoxicity induced by Disarib in various cancer cell lines and its correlation with BCL2 expression. (A) Evaluation of
cytotoxicity following treatment with Disarib (for 48 h) in various cell lines. In case of REH, K562, HEK 293T, CEM and T47D cells,
concentration of 2, 5, 10, and 20 lM of Disarib was used, while in P388D1, A2780, HeLa, LNCaP and Molt4, 1, 2, 5, and 10 lM was
administered and cell death was assayed by trypan blue dye exclusion assay. In case of NALM6, concentration of Disarib used were 0.5, 1,
2, and 5 lM as it was more sensitive compared to other cell lines. Experiments were performed a minimum of three times and graph
shows mean  SEM. (B) Evaluation of cytotoxicity following treatment with Disarib in various cell lines described in panel A and analysis of
endogenous BCL2 expression. Cell viability was determined after 48 h of Disarib (5 lM) treatment. The graph shows mean  SEM (n = 3).
Lower panel shows endogenous levels of BCL2 as determined by western blotting in various cell lines. Experiments were repeated a
minimum of three times and representative blot is presented. Ponceau stained blot was used as a loading control.
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Fig. 4. Knockdown and overexpression studies for BCL2-specific action of Disarib. (A) Western blot showing BCL2 levels in NALM6 cells
following transfection with BCL2 siRNA (0, 50, 100, and 250 nM). The level of BCL2 knockdown is quantified and presented. (B) Bar
diagram showing comparison of Disarib-induced cytotoxicity (48, 72 h) in NALM6 cells following knockdown of BCL2. Cells were
transfected with scrambled siRNA (250 nM) or BCL2 siRNA (250 nM), 24 h prior to treatment with Disarib (0, 2, 5, and 10 lM). Experiments
were repeated (n = 3) and the graph was plotted as  SEM. (C) Western blot showing BCL2 levels in NALM6 cells treated with vehicle
control, BCL2 siRNA or BCL2 siRNA followed by BCL2 overexpression vector. Quantitation showing the levels of BCL2 expression in terms
of relative photostimulated luminiscence (PSL) units is presented in the right panel. Expression level of BCL2 in the vehicle control is
designated as 100%. (D) Bar diagram showing the effect of Disarib (5 lM, 48 h), on the viability of NALM6 cells containing endogenous,
knocked down, and restored levels of BCL2. In all cases, percentage of cell viability is relative to NALM6 cells treated with appropriate
vehicle controls for the same period. In panel d, graph shows mean  SEM (ns: not significant, *P < 0.05, **P < 0.005, ***P < 0.0001). In
each case, experiments were repeated (n = 3). (E) Overexpression profiles of MCL1 and BCL2A1 in NALM6 cells, as tested by RT PCR.
18S rRNA was used as a loading control for cDNA in both the cases. Each experiment was repeated (n = 2), and a quantitation of relative
band intensities of both the genes is presented as a bar graph showing mean  SEM (right panel). (F) Bar diagram depicting the effect of
Disarib (5 lM, 48 h) on cells overexpressing MCL1 and BCL2A1, in addition to transfected control group. In each case, percentage of cell
survival is expressed relative to that in vehicle control cells.

the aromatic ring of F104. One of the nitrogen atoms
of ring A is involved in hydrogen bond interaction
with main chain amino group (-NH-) of the well conserved G145 of BH1 domain, while the other nitrogen
atom engages in hydrogen bond interaction with the
side chain OH group of Y108. The sulfur atom of ring
A is involved in hydrogen bond interaction with Nd2
group of N143 (with Ne and Nd2 group of R146 and
N143, respectively, in truncated BCL2). The Br atom
of ring C engages in hydrogen bond interaction with
OH group of Y202. Ring C is also involved in van der
Waals interaction with highly conserved W144 (ring C
is involved in p–p stacking interaction with indole ring
of W144 in truncated BCL2). R146 of the wellconserved NWGR motif is involved in cation–p interaction with ring B, while the Cl atom of ring B
engages in hydrogen bond interaction with side-chain
amino group of R139 (cation–p interaction involving
side-chain amino group of R146 and ring B in truncated BCL2). Nitrogen and oxygen moieties of ring D
makes hydrogen bond interaction with invariant D103
and R107 of BH3 domain (Fig. 5A).
Furthermore, we compared the interaction of Disarib with BCL2, with that of other members of the
antiapoptotic family, such as BCL-xL, BCL2A1,
MCL1, and BCLw. To examine the interaction of Disarib with BCL-xL, it was docked with crystal structure
of BCL-xL (PDB ID: 1R2D) (Fig. 5B) and studied for
binding. In comparison to BCL2, Disarib binds with
less affinity along the hydrophobic groove of BCL-xL
owing to conformational difference between these two
proteins. It is seen that the hydrophobic groove of
3) than BCL2
BCL-xL exhibits lesser volume (~ 260 A
3
 ) due to difference in length and orientation
(~ 350 A
of helix 3 between the two proteins (data not shown).
This results in a slightly narrow groove in BCL-xL
vis-
a-vis BCL2 (Fig 6A; black ellipse; denoted by cyan
and blue arrows for BCL2 and BCL-xL). Apparently
3414

this disallows Disarib to be placed comfortably in the
binding pocket of BCL-xL due to steric clashes arising
between ring D and ring C of Disarib with residues
R100 and Y195 in BCL-xL. This is not seen in case of
BCL2 due to differential spatial positioning of Arginine residue compared to BCL-xL (R107 vs R100)
(Figs 5B and 6A). As a consequence, hydrogen bond
interaction involving R139 (of highly conserved
NWGR motif), E96, Y101, and p–p interaction involving F97 and Disarib are not feasible in the case of
BCL-xL as opposed to their counterpart in BCL2
(R146, D103, Y108, and F104) (Fig. 5A,B). These features could account for the less binding affinity of Disarib toward BCL-xL vis-
a-vis BCL2. This observation
is corroborated by less binding energy of Disarib in
binding to BCL-xL (5.7 kcalmol1) as compared to
its interaction with BCL2 (10.4 kcalmol1).
To examine the binding specificity of Disarib with
BCL2A1, it was docked with crystal structure of
BCL2A1 (PDB ID: 2VM6) and studied for interaction
(Fig. 5C). In comparison to BCL2, Disarib binds with
less affinity along the hydrophobic groove of BCL2A1,
owing largely to the difference in amino acid composition along the hydrophobic-binding pocket (overall the
two proteins share only ~ 25% sequence identity) and
a conformational difference in the orientation of helix
containing BH3 domain in the two proteins. This
results in less stabilizing interactions in BCL2A1. Crucial interactions involving F104, Y108 with ring A,
R139 with ring B, and R107 with ring D seen in BCL2
are not feasible in BCL2A1. This seemingly renders
Disarib to bind with less affinity to BCL2A1. This is
corroborated by less binding energy (4.5 kcalmol1)
for BCL2A1 vis-
a-vis BCL2 (10.4 kcalmol1).
In addition, we also tested the binding specificity of
Disarib with MCL1, by docking it with the NMR
structure of MCL1 (PDB ID: 2MHS) and studied for
interaction (Fig. 5D). In comparison to BCL2, Disarib
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seemingly binds with less affinity along the hydrophobic groove of MCL1, owing largely to the difference in
amino acid composition along the binding pocket
located between BH1 and BH3 domains in the two
proteins. Interestingly, the two proteins share only
~ 24% sequence identity. Residues from the conserved
NWGR motif viz., side chain of N260 and main chain
amino group (-NH-) of G262 are engaged in hydrogen

BCL2A1

bond interaction with the sulfur and one of the nitrogen atoms of ring A. Ring C is involved in p–p interaction with F319, while chlorine substituent of ring B
forms a weak CH–O interaction with side chain of
V258. Likewise, nitrogen atom of 2-Oxindole ring (ring
D) forms hydrogen bond with side chain of N223.
However, crucial interactions involving F104, Y108
with ring A, R139 with ring B, and R107 with ring D
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seen in BCL2 are not seen in MCL1. These features
account for the less binding affinity of Disarib with
MCL1 and is further reflected by less binding energy
(5.1 kcalmol1) as opposed to BCL2 (10.4
kcalmol1).
To determine the binding specificity of Disarib with
BCLw, it was docked with NMR structure of BCLw
(PDB ID: 1ZY3) and studied for interaction (Fig. 5E).
In comparison to BCL2, Disarib binds with less affinity along the hydrophobic groove of BCLw, owing to
considerable conformational difference (RMSD =
 for 122 Ca atoms) between these two enzymes.
~ 3.1 A
This leads to differential placement of the conserved
residues and results in less stabilizing interactions
between BCLw and Disarib (data not shown). Vital
interactions involving G145, F104, Y108 with ring A,
R139 with ring B, and D103 as well as R107 with ring
D seen in BCL2 are not feasible in BCLw. This seemingly renders Disarib to bind with less affinity to
BCLw (6.0 kcalmol1).
To test whether Disarib can interact with BCL2 or
its paralogs, recombinant BCL2, BCL-xL, and
BCL2A1 proteins were overexpressed and purified
(Fig. 6B–D). In order to confirm the high affinity of
Disarib to BCL2, thermal shift assays [27–30] were
performed using purified BCL2 and its homolog proteins BCL-xL and BCL2A1. Thermal stability of
BCL2 protein was enhanced with an increase in Disarib concentration, which is indicated as an increase in
Tm upon ligand addition (Fig. 6E). However, the
addition of purified BCL-xL or BCL2A1 showed no
significant shift in Tm even at 100 lM Disarib
(Fig. 6F,G; data not shown). This demonstrates that
Disarib binding is exclusive to BCL2 protein and its
observed proapoptotic effect is BCL2 specific. The dissociation constant (Kd) of Disarib for BCL2 was calculated to be 28 nM (Fig. 6E). CD spectroscopic studies
showed that Disarib (10, 50, 75, 100 and 150 nM) can
bind to purified BCL2 in a dose-dependent manner
resulting in conformational changes of BCL2
(Fig. 6H). Comparison of Disarib-binding pattern with
BCL2 and BCL-xL showed a clear shift in the spectrum of BCL2, but not in the case of BCL-xL, indicating direct and specific binding of BCL2 and Disarib
(Fig. 6H,I). When truncated BCL2 protein (terminal
69 amino acids truncation including transmembrane
and a part of BH2 domain) was used, Disarib binding to BCL2 was also observed in a concentrationdependent manner (data not shown). Furthermore,
CD studies showed that similar to BCL-xL, Disarib
failed to bind to the proapoptotic protein, BAK (data
not shown).
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Disarib predominantly binds to the BH1 domain
of BCL2
The BCL2 family proteins have well conserved
domains, viz. BH1, BH2, BH3, BH4, and the transmembrane domain. Docking studies with full-length
BCL2 suggested that Disarib interacts with both BH1
and BH3 domains of BCL2, however, the interaction
with BH1 domain was predominant, with several
highly conserved residues contributing in anchoring
the inhibitor. This could explain observed greater
affinity of BCL2 with Disarib compared to other antiapoptotic proteins such as MCL1. Since BH1 domain
in BCL2 seems crucial in binding, it would be interesting to see if other antiapoptotic family members like
MCL1 would also exhibit more sensitivity toward Disarib, if the BH1 domain was swapped with that from
BCL2. To test this, a homolog model of MCL1 with
BH1 domain swapped with that of BCL2 was built
using Modeller 9v7 and docking studies were carried
out.
It is to be noted that the BH1 domain (loopintervening helices a4 & a5, followed by helix a5) of
BCL2 (20 AA) and MCL1 (21 AA) share a sequence
identity of ~ 57% and differ in their structures by ~ 2
 RMSD (19 Ca atoms), with deviation seen largely
A
in the loop region (data shown). Docking studies had
indicated that four highly conserved and one semiconserved residues from the BH1 domain of BCL2 interact with Disarib, while only two highly and one
partially conserved residues of wild-type MCL1 was
observed to interact with Disarib (Fig. 5A,D;
Table 2). When the BH1 domain of MCL1 is
swapped with that of BCL2, two additional strong
interactions with Disarib emerge, involving R263 (well
conserved; a5) and R255 (partially conserved; loop b/
w a4 and a5), besides interactions involving N260
and G262 seen with the wild-type (Fig. 7A, B [left
panels]; Table 2). R255 engages in a strong hydrogen
bond interaction with Cl atom of ring B, while R263
is involved in cation–p interaction with ring B of Disarib (Fig. 7B, left panel). Other interactions involving
residues of BH3 domain and a7 are retained
(Fig. 7A,B left panels). Thus, these additional interactions originating from the BH1 domain (of swapped
BCL2) seem to increase the sensitivity of MCL1
toward Disarib, as reflected in the enhanced binding
a-vis 5.1 kcalmol1
energy of 7.7 kcalmol1 vis-
seen earlier with the wild-type MCL1. It is thus obvious that BCL2 confers preferential binding for Disarib compared to other antiapoptotic proteins with
crucial interactions emerging from its BH1 domain
(Table 2).
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A
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D

E

Fig. 5. In silico analyses of Disarib binding to various antiapoptotic family proteins. (A) Interaction between Disarib (pink sticks) and amino
acid residues (green sticks) along the putative binding pocket of BCL2 (both full-length and Dtm domain) (light blue; PDB ID: 1GJH).
Hydrogen bond interactions are depicted as dashes. (B) Docked complex of Disarib and BCL-xL (PDB ID: 1R2D). Note the comparatively
less number of stabilizing interactions between Disarib and BCL-xL (gray cartoon), than Disarib and BCL2 shown in the panel A. Observed
reduced binding affinity may be due to short contacts involving Disarib and R100 and Y195 (red sticks). Equivalent residues that exhibited
interaction with Disarib in BCL2 but not in BCL-xL are shown as gold colored sticks. (C–E). Interaction of Disarib with other antiapoptotic
proteins viz., BCL2A1 (C), MCL1 (D) and BCL-w (E). Residues exhibiting interaction with Disarib are depicted as green sticks. BH1, BH3
domains and helix a7 are indicated.

Furthermore, to establish the domain responsible
for BCL2–Disarib interaction, we resorted to biophysical approaches using BCL2 domain-deleted mutants.

Using site-directed mutagenesis, two independent
BCL2 mutant constructs, BH1 domain deleted (DBH1)
and BH3 deleted (DBH3), were generated. Proteins
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Fig. 6. Analyses of interaction of Disarib with BCL2 and other antiapoptotic proteins BCL-xL and BCL2A1. (A) Top figure shows
superposition of BCL2 (gray) and BCL-xL (light brown) surface diagrams to indicate the difference in putative binding pocket width along the
hydrophobic groove (black ellipse). Widths are indicated by cyan and blue arrows for BCL2 and BCL-xL, respectively. Comparison of docked
complex of Disarib (pink sticks) with BCL2 (gray surface) and with BCL-xL (brown surface) (middle panel). In case of BCL2, conserved Arg
107 adjoining the binding groove is marked. Presence of ring D leads to short contacts with R100 in BCL-xL, whereas it is not so in case of
BCL-2 due to differential spatial presence of Arginine residue in BCL2 vs BCL-xL which is shown as lower panel. (B–D) Overexpression and
purification of various BCL2 family proteins. SDS/PAGE profiles showing eluted fractions of purified proteins, BCL2 (B), BCL-xL (C), BCL2A1
(D). In each case, fractions were loaded onto SDS/PAGE, and visualized using CBB staining. In all cases, the protein band of interest is
denoted by an arrow. ‘M’ indicates marker. In panel C, immunoblot confirmation of BCL2 is also shown. (E–G) Effect of Disarib on the
thermal melting of BCL2 family proteins. A thermal shift of about 5 °C was observed in case of BCL2 with 50 nM to 500 nM Disarib (E).
Only marginal shift in thermal melting was observed for other homologs, BCL-xL (F) and BCL2A1 (G) at high Disarib concentrations. (H) CD
spectra showing changes in the secondary structure of BCL2 (9 lM) upon incubation with 100 nM (left panel) or different concentrations of
Disarib (0, 10, 50, 75, 100, 150 nM) (right panel). The spectra were recorded in the far-UV range between 200–250 nm. (I) CD spectrum
showing changes in the secondary structure of BCL-xL (6 lM) upon incubation with Disarib (0.5 lM).

were overexpressed in bacteria, purified (Fig. 7C,D)
and studied using thermal shift assays (Fig. 7E–G).
Interestingly, we observed that compared to wild-type
purified BCL2 protein, which showed a binding constant of 28 nM upon Disarib interaction (Fig. 7E), the
DBH1 protein showed a Kd of 1.8 lM, which was
~ 67-fold higher than the wild-type BCL2 protein
(Fig. 7F). On the other hand, the binding constant for
DBH3 protein was 537 nM, which was 20-fold higher
than the wild-type BCL2 protein (Fig. 7G). These
results suggested a weak binding of DBH3 protein
compared to the wild-type BCL2, but a less severe loss
in binding efficiency as compared to the BH1 domain
deletion. Overall, our observations establish that BH1
domain of BCL2 predominantly interacts with Disarib, followed by BH3, to a lesser extent. Furthermore, this result gives an experimental correlation
with in silico docking studies where we have demonstrated that BH1 domain provides crucial interface for
Disarib binding to a significantly greater extent than
BH3 domain. More importantly these findings shed
light on a novel mode of BCL2 inhibition, by predominantly targeting the BH1 domain, as opposed to
other BCL2 inhibitors which target mostly BH3
domain of BCL2.
Disarib induces significant cytotoxicity in CLL
patient primary cells and mouse tumor models
Furthermore, we investigated the potential of Disarib
as an anticancer molecule in patient-derived cells ‘high’
for BCL2 levels. Robust expression of BCL2 has been
reported in chronic lymphocytic leukemia (CLL)
patients [31,32]. Primary cells from six patients were
tested for their sensitivity to Disarib. Results showed
initiation of apoptosis in 40% of cells after 4 h of
treatment in a dose-dependent manner (Fig. 8A,B).
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However, the percentage of cells undergoing cell death
varied among patients. Thus, our data suggest that
Disarib can induce apoptosis in primary patient cells.
In order to investigate the efficacy of Disarib in an
in vivo model system, a BCL2-driven mouse tumor
model (Dalton’s Lymphoma) was chosen for the study
[33]. Disarib (10 mgkg1 b.wt.; six doses) was administered via an intraperitoneal route in mice following
induction of DLA tumor. Interestingly, Disarib treatment resulted in significant reduction in tumor progression, as compared to that in the untreated control
(Fig. 9A). Furthermore, a comparative analysis was
performed using previously characterized BCL2 inhibitors (HA 14-1, Gossypol, Epigallocatechin), along with
Disarib in the DLA mouse tumor model (Fig. 9B). An
identical dosage regime was followed in the case of
each inhibitor (10 mgkg1, six doses on alternate
days). Interestingly, among the inhibitors tested, Disarib exhibited highest potential leading maximal tumor
regression, followed by Gossypol [19,20]. Although
HA 14-1 was effective to a limited extent, Epigallocatechin did not result in any significant tumor reduction.
Taken together, these results highlight the potential of
Disarib in hampering tumor cell growth in a mouse
model and its effectiveness, as compared to other
known BCL2 inhibitors (Fig. 9B).
Body weight fluctuation is one of the important
parameters commonly employed for assessing the
adverse effects of a drug on normal physiology. In
order to investigate effect of Disarib on the overall
health of normal animals, mice were treated with Disarib and monitored for change in body weight over a
period of 16 days (Fig. 9C). Interestingly, results
showed no significant change in body weight in Disarib-treated mice, as compared to that of untreated
control group, indicating nontoxic nature of Disarib in
normal mice (Fig. 9C).
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Table 2. Table summarizing the interactions between Disarib and BH1 domain of various antiapoptotic proteins. Amino acid residue number
is with reference to BCL2. Plus (+) and minus () indicate the presence and absence of interactions, respectively. Note the emergence of
two additional strong interactions in MCL1 when its BH1 domain is swapped with that of BCL2 (gray colored box). Amino acid residue
corresponding to BCL2 R139, in wild-type MCL1 (V) and BCL-W (L) that displayed interaction with Disarib is enclosed in bracket for
reference.
Interaction of Disarib with amino acid residues of BH1 domain of different antiapoptotic proteins

Antiapoptotic protein
BCL2
MCL1 (wild)
BCL-xL
BCL2A1
BCLW
MCL1 with BH1 Domain
swapped from BCL2

N 143 (Highly
conserved)

W 144 (Highly
conserved)

G 145 (Highly
conserved)

R146 (Highly
conserved)

R 139 (partially
conserved)

+
+
+

+
+

+






+
+
+
+

+

+


+
+
+

+
+ (V)


+ (L)
+

Disarib activates the apoptotic cascade in cancer
cells
We further investigated the mechanism of cell death
induced by Disarib using various assays. Disaribtreated cells were subjected to Annexin FITC/PI double-staining in order to assess the cell death pathway
activated. Results showed predominant activation of
the apoptotic pathway (Fig. 10A), after 48 h of Disarib treatment, with no significant increase in the
necrotic cell population (Fig. 10A,B). Interestingly,
Disarib-treated cells stained with Hoechst dye showed
significant increase in cells with nuclear condensation,
a hallmark of apoptosis (Fig. 10C). Furthermore, Dalton’s lymphoma cells from mouse tumor ascites were
treated with increasing concentrations of Disarib (0,
10, 20 lM), followed by assessment of characteristic
markers for intrinsic and extrinsic apoptotic pathway.
Interestingly, activated Caspase 9 showed increased
expression in Disarib-treated cells in a concentrationdependent manner as compared to untreated tumor
controls, indicating activation of the intrinsic apoptotic
pathway (Fig. 10D). Cleavage of PARP in Disaribtreated cells reiterated activation of apoptosis
(Fig. 10D). Interestingly, Caspase 8 cleavage was
undetectable in treated samples (Fig. 10D). Taken
together, Disarib activated apoptosis via the intrinsic
pathway, and caused cell death in mouse tumor cells.
Thus, our results identify a novel inhibitor of BCL2,
which acts in a target-specific manner, and does not
cross-react with other members of the antiapoptotic
family (Fig. 11). Disarib predominantly targets the
BH1 domain of BCL2, thus exhibiting a novel mode
of BCL2 inhibition. Results show that it effectively
causes cytotoxicity in cancer cell lines with high BCL2
expression, and in CLL patient cells.
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Discussion
In this study, we have identified a novel small molecule
inhibitor of BCL2, Disarib, which effectively acts in a
target-specific manner against various BCL2 high cancer cells. Its cytotoxic property correlates with BCL2
expression as evidenced by knockdown and overexpression studies, further supporting its specificity. Our
studies with CLL patient samples confirm the ability
of Disarib to initiate apoptosis in primary cancer cells.
Further, in vitro studies show a binding selectivity of
Disarib to BCL2 over BCL-xL and BCL2A1.
One of the reasons of Disarib specificity for BCL2
and not to other antiapoptotic BCL2 family members
viz., BCL-xL, BCL2A1 might be due to subtle conformational difference (BCL2 vs BCL-xL) and amino
acid composition variability (BCL2 vs BCL2A1) along
the hydrophobic groove of these proteins. Particularly,
the design of Disarib with branching oxindole ring D
leads to steric clashes in BCL-xL, whereas it is comfortably placed in BCL2 partly due to a spatial difference in the presence of a bulky arginine residue (R107
in BCL2 and R100 in BCL-xL) in these two proteins.
Besides, it was noted that flexibility of Disarib to
interact with W137, R139 (well conserved NWGR
motif), E96, F97, and Y101 are restricted due to
steric contacts with R100 and Y195 in BCL-xL,
whereas their counterparts (R107, Y108, D103, N143,
G145, R146) in BCL2 stabilizes the interaction with
Disarib. Interestingly, ring D is engaged in electrostatic interaction with the invariant arginine (R107)
and aspartic acid (D103) in BCL2, whereas this interaction is not feasible in BCL-xL, thereby contributing
to the specificity (Fig. 5A,B). Small size (less molecular weight) of Disarib compared to ABT199 adds to
its advantage.
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Fig. 7. Evaluation of preferential binding of Disarib to the BH1 domain of BCL2. (A, B) Docked complex of Disarib (pink sticks) with wildtype (A) and domain-swapped (B) MCL1 structures. Schematic representation of the interaction involving only the BH1 domain and Disarib
in their respective states is shown in right panel. Hydrogen bond interaction is depicted as dashed line with arrow head, while cation–p/van
der Waals interaction is shown as dashed line. Note the increase in number of interactions (3?4) arising between BH1 domain of MCL1 in
domain swapped state and Disarib. Interactions emanating from the BH3 domain and helix a7 remain common (N223 and F319) in both
wild-type and domain-swapped structures. Residues exhibiting interaction with Disarib are depicted as green sticks. BH1, BH3 domains and
helix a7 are labeled. (C, D) SDS/PAGE profiles showing eluted fractions of purified proteins, BCL2 with BH1 domain deleted (C) and BCL2
with BH3 domain deleted (D). (E) Net change in Tm of BCL2 protein with increasing concentration of Disarib, as determined by the thermal
shift assay. (F, G) Net change in Tm of two domain deletion constructs of BCL2: DBH1 (F) and DBH3 (G) against increasing concentration of
Disarib.

A major highlight of this study is the ability of Disarib to interact predominantly with BH1 domain of
the BCL2 hydrophobic pocket. In silico docking analyses predict several key residues of the BH1 domain to
be important for Disarib anchoring to BCL2. However, results also suggest residues E96, F97, and Y101

of the BH3 domain to be involved during Disarib–
BCL2 interaction. Interestingly, our biophysical studies
using BH1 and BH3 domain-deleted BCL2 mutants
show a ~ 20-fold decrease in Disarib binding in case
of BH3 domain deletion, while the effect was more
severe (~ 67-fold reduction) upon BH1 domain
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Fig. 8. Evaluation of Disarib-induced cytotoxicty in CLL patient
primary cells. (A) Cells from six (CLL) patients were incubated in
the presence of the indicated concentrations of Disarib for 4 h.
Level of apoptosis was determined using Annexin V-FITC binding
and FACS. Data are presented as % apoptosis observed above the
level of spontaneous apoptosis. (B) The average % apoptosis from
different patients (n = 6) is plotted as a graph showing
mean  SEM.

deletion. The decreased binding of BH1 domain
mutants argue for a predominant involvement of the
BH1 domain for Disarib binding, followed by BH3
domain, to a lesser extent. The observed mode of Disarib binding presents a novel mechanism of BCL2
inhibition, as opposed to the well-studied BH3 domain
only targeting strategies.
Among various BCL2 inhibitors studied, one of the
most impressive examples is the Nur77 peptide [34]
which was described to cause conformational changes
in BCL2, converting it to a proapoptotic protein.
While this mode of inhibition provides conceptual
insight for future drug design, it is yet to be developed as a therapeutic tool. This is true even in the
case of antisense therapy against BCL2, which has
found better use in combinatorial modalities, but has
limitations as a single agent [10]. Although several
small molecule inhibitors, such as ABT737, YC137,
Gossypol, and HA14-1 [14] are described, several of
them are pan active [19] with toxic side effects in vivo.
Gossypol is reported to be toxic to liver, although its
side effects were reduced in its derivative, apogossypol. However, apogossypol is not strictly BCL2
dependent in action [35]. ABT737 by itself, causes
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Fig. 9. Evaluation of effect of Disarib on tumor cell proliferation in
a BCL2-driven mouse tumor model. (A) Graph showing the effect
of Disarib on tumor cell proliferation in mouse. Tumor was
generated using Dalton’s lymphoma (DLA) cells and was treated
with Disarib (10 mgkg1, six doses, alternate day, n = 6, four
batches). Tumor progression was monitored by measuring the
changes in body weight, normalized to the weight fluctuations in
normal mice. (B) Graph showing comparative analysis of tumor
growth inhibition properties of known BCL2 inhibitors, HA 14-1,
Gossypol and Epigallocatechin, along with Disarib (10 mgkg1, six
doses, alternate day, n = 5, two batches). (C) Bar graph showing
body weight measurments of Disarib-treated normal mice (gray
bars) in comparison with those in untreated control group (black
bars) (n = 10 in each case). The graph shows mean  SEM (ns:
not significant, *P < 0.05, **P < 0.005, ***P < 0.0001).

The FEBS Journal 283 (2016) 3408–3437 ª 2016 Federation of European Biochemical Societies

D. Iyer et al.

limited tumor regression in mouse models and has to
be coadministered with other drugs [36], while HA141 was shown to be chemically unstable [37]. Unlike
other inhibitors, ABT199 is very promising and highly
efficient against AML and estrogen-dependent breast
cancers with enhanced target specificity [38–40]. However, a recent study has indicated that normal mature
B cells show acute sensitivity to ABT199 both in vitro
and in vivo [41]. Interestingly, we find that Disarib is
specific to BCL2, predominantly targeting the BH1
domain, while sparing other members of the antiapoptotic family. A notable finding from the current study
is the significant tumor regression property of Disarib
in a BCL2-driven tumor model. Importantly, when
compared with previously characterized BCL2 inhibitors, such as Gossypol, HA 14-1, and Epigallocatechin, Disarib showed higher efficacy, reiterating its
potential to be used as a potential chemotherapeutic
agent.
Thus, Disarib can be developed as a potent anticancer molecule in a target-specific treatment modality,
having reduced or no off-target effects.
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methylimidazo[2,1-b][1,3,4]-thiadiazole (3q), 6-(40 -chlorophen
yl)- 2-methyl imidazo[2,1-b][1,3,4]-thiadiazole-5-carbaldehyde
(4p), 6-(40 -bromophenyl)- 2-methyl imidazo[2,1-b][1,3,4]-thiadiazole-5-carbaldehyde (4q), and 6-(40 -nitrophenyl)-2-methyl
imidazo[2,1-b][1,3,4]-thiadiazole-carbaldehyde (4r) were prepared according to literature [43]. 2-methyl-6-(40 -nitrophenyl)imidazo[2,1-b][1,3,4]-thiadiazole (3r), 2-methyl-6-(40 -methylphenyl)
imidazo[2,1-b][1,3,4]-thiadiazole (3s), and 6-(40 -methoxyphenyl)-2-methyl imidazo[2,1-b][1,3,4]-thiadiazole (3t) were prepared according to literature [44].

General procedure for the preparation of 2-(40 ’substitutedbenzyl-6-(40 substituted phenylimidazo[2,1-b]
[1,3,4]-thiadiazole (3a–3t)
The appropriate 2-amino-5- alkyl/aralkyl-1,3,4-thiadiazole
(1) (30 mmol) was treated with the appropriate phenacyl
bromide (2) (30 mmol), in ethanol (150 mL). The mixture
was refluxed for 10–12 h. Excess of solvent was removed
under reduced pressure and the solid hydrobromide was
separated by filtration, washed with cold ethanol, and
dried. Neutralization of hydrobromide salts with cold aqueous solution of sodium carbonate yielded the corresponding
free base which was filtered with a yield of 52–62%.

Materials and methods
Chemistry
2-Amino-5-alkyl/aralkyl-1,3,4-thiadiazoles (1a–1c) were prepared from alkyl/aralkyl acetic acid and thiosemicarbazide
as described[42]. The 2-(4-substituted benzyl)-6-(4-substitutedaryl)-imidazo[2,1-b][1,3,4]thiadiazole derivatives (3a–3t)
were prepared by reaction of 2-amino-5-alkyl/aralkyl-1,3,
4-thiadiazoles (1a–1c) with the appropriate phenacyl bromide (2), and neutralization with cold aqueous sodium carbonate to get the free base with 50–60% yield (Fig. 1A–C;
Table 3). The various phenacyl bromides were prepared by
bromination of the corresponding ketones in glacial acetic
acid. Appropriate aldehydes (4a–4t) were obtained in turn
by means of the Vilsmeier Haack reaction on the corresponding imidazo[2,1-b][1,3,4]thiadiazoles (3a–3t). The
2-[(2-(4-substitutedbenzyl-6-phenylimidazo[2,1-b][1,3,4]thiadi
azol-5-yl)methylidene]-1,2-dihydro-3H-indol-3-one (5a–5t)
were prepared by reaction between aldehydes (4a–4t) and
2-indolinone in methanol, in the presence of catalytic
amount of piperidine with good yields (Fig. 1C, Table 3).
5-benzyl-1,3,4-thiadiazol-2-amine (1a), 5-(4-chlorobenzyl)1,3,4-thiadiazole (1b), 2-benzyl-6-(40 -fluorophenyl)imidazo
[2,1-b][1,3,4]-thiadiazole (3i), 2-(40 ’-chlorobenzyl)-6-(40 -fluorophenyl)imidazo[2,1-b][1,3,4]-thiadiazole (3n), 2-benzyl-6-(40 fluorophenyl)-imidazo[2,1-b][1,3,4]-thiadiazole-5-carbaldehyde
(4i), and 2-(40 ’-chlorobenzyl)-6-(40 -fluorophenyl)imidazo[2,1b][1,3,4]-thiadiazole-5-carbaldehyde (4n) were prepared
according to literature [42]. 6-(40 -chlorophenyl)-2-methylim
idazo[2,1-b][1,3,4]-thiadiazole (3p), 6-(40 -bromophenyl)-2-

2-benzyl-6-(4-bromophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3a)
Yield 52%. IR mmax (cm1) 3148, 3028, 2910, 1516, 1479,
1397, 1284, 1005. 1H-NMR (CDCl3, 400 MHz) d (ppm):
4.30 (2H, s, -CH2-), 7.31–7.40 (5H, m, ar), 7.52 (2H, d,
J = 8), 7.68 (2H, d, J = 8), 7.96 (1H, s, im). +ESI (m/z):
371.9 (M + 2).

2-benzyl-6-(4-chlorophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3b)
Yield 58% IR mmax cm1 3128, 3062, 3031, 2916, 1524,
1470, 1402, 1092. +ESI (m/z): 326.1 [M + 1].

2-benzyl-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole (3c)
Yield 55%. IR mmax cm1 3133, 3062, 3029, 2960, 1611,
1548, 1489, 1303, 1245, 1095. 1H-NMR (CDCl3, 400 MHz)
d (ppm): 3.84 (3H, s, OCH3), 4.32 (2H, s, -CH2-), 6.97 (2H,
d, J = 8), 7.31–7.41 (5H, m, ar), 7.74 (2H, d, J = 8), 7.88
(1H, s, im). +ESI (m/z): 322.0 (M + 1).

2-benzyl-6-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole (3d)
Yield 54%. IR mmax cm1 3118, 3073, 2973, 1604, 1477,
1259, 1197, 1059. 1H-NMR (DMSO-d6, 400 MHz) d
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Fig. 10. Investigation of the mode of Disarib-induced cell death. (A) Annexin V-FITC and PI double-staining for evaluation of the mode of
cytotoxicity induced by Disarib. Molt4 cells treated with Disarib (1, 2, and 5 lM, 48 h), stained with Annexin V-FITC and PI, and subjected to
flow cytometry analyses. Lower left quadrant shows cells negative for Annexin V-FITC/PI staining, the lower right quadrant for only Annexin
V-FITC staining (early apoptotic cells), upper left quadrant for PI positive cells (necrosis), and upper right quadrant for both Annexin V-FITC
and PI-positive cells (late apoptosis). (B) Bar graphs depicting quantitation of necrotic, early apoptotic and late apoptotic cell populations (left
panel) and combined quantitation of apoptotic cells (right panel). Each experiment was repeated (n = 3), and the bar graphs plotted
mean  SEM. (ns: not significant, *P < 0.05, **P < 0.005, ***P < 0.0001). (C) Representative microscopic images depicting Hoechststained Molt4 cells, following Disarib treatment, along with an untreated control (10X). Individual nuclear morphology is boxed and enlarged
for each concentration and presented in the lower panel. Arrows depict condensed and fragmented nuclei. Quantitation of number of Molt4
cells showing nuclear condensation post Disarib treatment (1 and 2 lM, 48 h), as compared to an untreated control is presented as a table
in the lower panel. (D) Panel showing western blot analysis for apoptotic markers Caspase 9, PARP and Caspase 8, for DLA tumor cells
treated with increasing concentrations of Disarib (0, 10, 20 lM). Unlike above panels, the Disarib concentrations used were higher as the
cells used were from mouse tumor ascitic fluid. Ponceau-stained blot served as loading control. The expected molecular weight position of
each protein is indicated by an arrow. Each experiment was repeated (n = 3), and a representative blot is presented.

Fig. 11. Model illustrating the putative mechanism of action of Disarib in cancer cells. Disarib acts on BCL2 high cancer cells by specifically
binding to and inhibiting BCL2 function, while sparing other antiapoptotic proteins such as BCL-xL, MCL1, BCLw and BCL2A1. It
predominantly targets the BH1 domain of BCL2, thus exhibiting a novel mode of BCL2 inhibition, ultimately leading to cell death.

(ppm): 2.30 (3H, s, CH3), 4.43 (2H, s, -CH2-), 7.20 (2H, d,
J = 8), 7.29–7.41 (5H, m, ar), 7.73 (2H, d, J = 8), 8.55 (1H,
s, im). +ESI (m/z): 306.0 (M + 1).

2-(4-chlorobenzyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole (3e)

4.27 (2H, s, -CH2-), 7.27 (2H, d, J = 8), 7.35–7.38 (4H, dd,
J = 8, 8), 7.94 (1H, s, im). +ESI (m/z): 360.0 (M).

2-(4-chlorobenzyl)-6-(4-methylphenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3g)

Yield 53%. IR mmax cm 3100, 3068, 2910, 1604, 1528,
1483, 1435, 1193, 1020. 1H-NMR (CDCl3, 400 MHz) d
(ppm): 4.27 (2H, s, -CH2-), 7.25–7.31 (3H, m, ar), 7.34–
7.42 (4H, m, ar), 7.80 (2H, d, J = 8), 7.97 (1H, s, im).

Yield 54%. IR mmax cm1 3143, 3055, 2927, 2861, 1528,
1476, 1403, 1092. 1H-NMR (CDCl3, 400 MHz) d (ppm):
2.37 (3H, s, -CH3), 4.26 (2H, s, -CH2-), 7.22 (2H, d, J = 8),
7.27 (2H, d, J = 8), 7.36 (2H, d, J = 8), 7.69 (2H, d, J = 8),
7.92 (1H, s, im). +ESI (m/z): 340.0 (M).

2-(4-chlorobenzyl)-6-(4-chlorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3f)

2-(4-chlorobenzyl)-6-(4 methoxyphenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3h)

Yield 58%. IR mmax cm1 3147, 3057, 2945, 2860, 1531,
1485, 1410, 1089. 1H-NMR (CDCl3, 400 MHz) d (ppm):

Yield 52%. IR mmax cm1 3146, 3040, 2939, 2842, 1609,
1537, 1482, 1252, 1025. 1H-NMR (CDCl3, 400 MHz) d

1
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Table 3. Table showing the chemical and physical characterization of reaction intermediates during the synthesis of potential BCL2
inhibitors. Compound series 3a-3o and 4a-4o, 4s, 4t are the intermediates formed during the synthesis of compounds described in Fig. 1C.
Compound characteristics such as alkyl group substitutions, molecular weight (Mol Wt), molecular formula (Mol For), and melting points
(MP) are listed.
Structure

R
S
N
N

N

R

1

3a-3o

R
S
N
N

R

N

1

O

4a-4o, 4s, 4t

Code No

R

R0

Mol Wt

Mol For

MP (˚C)

3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3l
3m
3n
3o
4a
4b
4c
4d
4e
4f
4g
4h
4i
4j
4k
4l
4m
4n
4o
4s
4t

Benzyl
Benzyl
Benzyl
Benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
Benzyl
Benzyl
Benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
Benzyl
Benzyl
Benzyl
Benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
Benzyl
Benzyl
Benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
4-Cl-benzyl
CH3
CH3

4-Br-phenyl
4-Cl-phenyl
4-OCH3-phenyl
4-CH3-phenyl
Phenyl
4-Cl-phenyl
4-CH3-phenyl
4-OCH3-phenyl
4-F-phenyl
Phenyl
4-NO2-phenyl
4-NO2-phenyl
4-Br-phenyl
4-F-phenyl
2H-chromen-2-one
4-Br-phenyl
4-Cl-phenyl
4-OCH3-phenyl
4-CH3-phenyl
Phenyl
4-Cl-phenyl
4-CH3-phenyl
4-OCH3-phenyl
4-F-phenyl
Phenyl
4-NO2-phenyl
4-NO2-phenyl
4-Br-phenyl
4-F-phenyl
2H-chromen-2-one
4-CH3-phenyl
4-OCH3-phenyl

370.27
325.82
321.40
305.40
325.82
360.27
339.85
355.85
309.37
291.38
336.37
370.82
404.72
343.81
393.85
398.28
353.83
349.41
333.41
353.83
388.28
367.86
383.86
337.38
319.39
364.39
398.83
432.73
371.82
421.87
257.31
273.31

C17H12BrN3S
C17H12ClN3S
C18H15N3OS
C18H15N3OS
C17H12ClN3S
C17H11Cl2N3S
C18H14ClN3S
C18H14ClN3OS
C17H12FN3S
C17H13N3S
C17H12N4O2S
C17H11ClN4O2S
C17H11BrClN3S
C17H11FClN3S
C20H12ClN3O2S
C18H12BrN3OS
C18H12ClN3OS
C19H15N3O2S
C19H15N3OS
C18H12ClN3OS
C18H11Cl2N3OS
C19H14ClN3OS
C19H14ClN3O2S
C18H12FN3OS
C18H13N3OS
C18H12N4O3S
C18H11ClN4O3S
C18H11ClBrN3OS
C18H11ClFN3OS
C21H12ClN3O3S
C13H11N3OS
C13H11N3O2S

170–172
163–165
180–182
160–162
193–195
178–179
178–181
174–176
152–155
163–165
219–222
195–198
164–165
167–170
202–205
126–128
183–185
160–162
107–108
119–121
118–120
83–85
101–104
112–114
145–147
136–138
157–159
129–131
138–140
130–133
130–132
50–52

(ppm): 3.84 (3H, s, OCH3), 4.26 (2H, s, -CH2-), 6.96 (2H,
d, J = 8), 7.27 (2H, d, J = 8), 7.36 (2H, d, J = 8), 7.73 (2H,
d, J = 8), 7.88 (1H, s, im). +ESI (m/z): 356.0 (M).

2-benzyl-6-(4-fluorophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3i)
Yield 51%. IR mmax cm1 3136, 3065, 2923, 1598, 1545,
1524, 1470, 1222, 1156, 1055. +ESI (m/z): 310.1 [M + 1].

2-benzyl-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3k)
Yield 60%. IR mmax cm1 3129, 2925, 2827, 1598, 1508,
1337, 1189, 1101, 1062. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.46 (2H, s, -CH2-), 7.29–7.42 (5H, m, ar), 8.10
(2H, d, J = 8), 8.27 (2H, d, J = 8), 8.92 (1H, s, im). +ESI
(m/z): 337.0 (M + 1).

2-benzyl-6-phenylimidazo[2,1-b][1,3,4]-thiadiazole (3j)

2-(4-chlorobenzyl)-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole (3l)

Yield 50%. IR mmax cm1 3130, 3061, 2920, 1601, 1540,
1520, 1472, 1225, 1151, 1049. 1H-NMR (CDCl3, 400 MHz)
d (ppm): 4.30 (2H, s, -CH2-), 7.27–7.42 (8H, m, ar), 7.78–
7.81 (2H, m, ar), 7.96 (1H, s, im). +ESI (m/z): 292.2
(M + 1).

Yield 53%. IR mmax cm1 3130, 2925, 1598, 1503, 1414,
1185, 1098, 1017. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.47 (2H, s, -CH2-), 7.44 (4H, s, ar), 8.09 (2H, d,
J = 8), 8.26 (2H, d, J = 8), 8.91 (1H, s, im). -ESI (m/z):
369.0 (M  1).

3426

The FEBS Journal 283 (2016) 3408–3437 ª 2016 Federation of European Biochemical Societies

D. Iyer et al.

Identification of a novel inhibitor of BCL2

2-(4-chlorobenzyl)-6-(4-bromophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3m)

2-benzyl-6-(4-chlorophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4b)

Yield 55%. IR mmax cm1 3149, 3055, 2927, 1590, 1528,
1082, 1007. 1H-NMR (CDCl3, 400 MHz) d (ppm): 4.27
(2H, s, -CH2-), 7.27 (2H, d, J = 8), 7.37 (2H, d, J = 8),
7.53 (2H, d, J = 8), 7.68 (2H, d, J = 8), 7.96 (1H, s, im).
+ESI (m/z): 405.9 (M + 1).

Yield 51%. IR mmax cm1 3077, 3028, 2930, 1672, 1626, 1483,
1191, 1092. 1H-NMR (CDCl3, 400 MHz) d (ppm): 4.45 (2H,
s, -CH2-), 7.34–7.41 (5H, m, ar), 7.49 (2H, d, J = 8), 7.82 (2H,
d, J = 8), 10.06 (1H, s, -CHO). +ESI (m/z): 356.1 [M + 2].

2-(4-chlorobenzyl)-6-(4-fluorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole (3n)
Yield 56%. IR mmax cm1 3140, 3116, 3042, 2918, 1537,
1482, 1412, 1227, 1148, 1092. 1H-NMR (DMSO-d6,
400 MHz) d (ppm): 4.45 (2H, s, -CH2-), 7.20–7.24 (2H, m,
ar), 7.48 (4H, s, ar), 7.84–7.88 (2H, m, ar), 8.61 (1H, s, im).
+ESI (m/z): 344.0 (M).

3(2-(4-chlorobenzyl)imidazo[2,1-b][1,3,4]thiadiazol-6-yl)2H-chromen-2-one (3o)
Yield 51%. IR mmax cm1 3145, 3045, 2973, 1729, 1609,
1484, 1102. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.48
(2H, s, -CH2-), 7.40 (1H, t, J = 16), 7.45 (5H, m, ar), 7.61
(1H, t, J = 16), 7.87 (1H, d, J = 8), 8.56 (1H, s, ar), 8.66
(1H, s, im). -ESI (m/z): 392.0 (M  1).

General procedure for the preparation of [2-(4substituted benzyl-6-(40 -substituted phenylimidazo[2,1-b]
[1,3,4]thiadiazole-5-carbaldehyde] (4a–4t)
The Vilsmeier Haack reagent was prepared at 0–5 °C by
dropping POCl3 (2.3 g, 15 mmol) into a stirred solution of
dimethylformamide (10 mL). The appropriate imidazo[2,1b][1,3,4]thiadiazole 3 (4 mmol) was added slowly to the
Vilsmeier reagent while stirring and cooling was maintained
for 2 h. Further stirring was continued for 6 h at 80–90 °C.
The resulting reaction mixture was poured into 100 mL of
water; the precipitate was filtered, pressed, suspended in
water, and neutralized to pH 7 with cold aqueous solution
of sodium carbonate. The solid was separated by filtration,
washed with water, dried, and crystallized from EtOH with
a yield of 40–55%.

2-benzyl-6-(4-bromophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4a)
Yield 55%. IR mmax cm1 3069, 3025, 2908, 2850, 1683,
1476, 1300, 1119. 1H-NMR (CDCl3, 400 MHz) d (ppm):
4.45 (2H, s, -CH2-), 7.31–7.44 (5H, m, ar), 7.65 (2H, d,
J = 8), 7.76 (2H, d, J = 8), 10.07 (1H, s -CHO). +ESI (m/
z): 400 [M + 2].

2-benzyl-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4c)
Yield 49%. IR mmax cm1 3052, 2998, 2837, 1650, 1491,
1180, 1100. ESI (m/z): 350.1 [M + 1].

2-benzyl-6-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4d)
Yield 51%. IR mmax cm1 3100, 3049, 2926, 2861, 1672,
1480, 1186, 1090. 1H-NMR (CDCl3, 400 MHz) d (ppm):
2.43 (3H, s, -CH3), 4.45 (2H, s, -CH2-), 7.32 (2H, d, J = 8),
7.34–7.41 (4H, m, ar), 7.72 (2H, d, J = 8), 10.02 (1H, s,
-CHO). +ESI (m/z): 334.2 [M + 1].

2-(4-chlorobenzyl)-6-(4-bromophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4e)
Yield 43%. IR mmax cm1 3089, 3031, 2978, 2855, 1670, 1601,
1525, 1492, 1191. 1H-NMR (DMSO-d6, 400 MHz) d (ppm):
4.56 (2H, s, -CH2-), 7.48 (4H, s, ar), 7.49–7.53 (3H, m, ar), 7.92
(2H, d, J = 8), 9.96 (1H, s, -CHO). -ESI (m/z): 352.0 [M  2].

2-(4-chlorobenzyl)-6-(4-chlorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4f)
Yield 46%. IR mmax cm1 3318, 3095, 3043, 2929, 2859,
1672, 1484, 1186, 1094. 1H-NMR (CDCl3, 400 MHz) d
(ppm): 4.42 (2H, s, -CH2-), 7.30 (2H, d, J = 8), 7.39 (2H,
d, J = 8), 7.49 (2H, d, J = 8), 7.84 (2H, d, J = 8), 10.06
(1H, s, -CHO). -ESI (m/z): 386.0 [M  2].

2-(4-chlorobenzyl)-6-(4-methylphenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4g)
Yield 48%. IR mmax cm1 3033, 2922, 2852, 1664, 1486,
1390, 1184, 1096. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 2.36 (3H, s, -CH3), 4.55 (2H, s, -CH2-), 7.32 (2H, d,
J = 8), 7.46 (4H, s, ar), 7.82 (2H, d, J = 8), 9.94 (1H, s, CHO). -ESI (m/z): 366.0 [M  2].

2-(4-chlorobenzyl)-6-(4-methoxyphenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4h)
Yield 44%. IR mmax cm1 3053, 2943, 2839, 1650, 1490,
1388, 1181, 1100. 1H-NMR (DMSO-d6, 400 MHz) d
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(ppm): 3.82 (3H, s, -OCH3), 4.55 (2H, s, -CH2-), 7.07 (2H,
d, J = 8), 7.45 (4H, s, ar), 7.92 (2H, d, J = 8), 9.95 (1H, s,
-CHO).

(2H, s, -CH2-), 7.32–7.36 (2H, m, ar), 7.45 (4H, s, ar), 7.99–8.03
(2H, m, ar), 9.96 (1H, s, -CHO). -ESI (m/z): 370.0 [M  2].

2-(4-chlorobenzyl)-6-(2-oxo-2H-chromen-3-yl)imidazo
[2,1-b][1,3,4]-thiadiazole-5-carbaldehyde (4o)

2-benzyl-6-(4-fluorophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4i)
Yield 46%. IR mmax cm1 3101, 3025, 2977, 2825, 1675,
1601, 1515, 1482, 1192. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.56 (2H, s, -CH2-), 7.32–7.45 (7H, m, ar), 8.01–
8.05 (2H, m, ar), 9.98 (1H, s, -CHO). -ESI (m/z): 336.0
[M  1].

Yield 47%. IR mmax cm1 3050, 2914, 2856, 1722, 1668,
1483, 1368, 1052. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.57 (2H, s, -CH2-), 7.41 (1H, t, J = 16), 7.46 (4H,
s, ar), 7.50 (1H, d, J = 8), 7.69 (1H, t, J = 16), 7.88 (1H, d,
J = 8), 8.51 (1H, s, ar), 9.99 (1H, s, -CHO). -ESI (m/z):
419.9 [M  1].

2-benzyl-6-phenylimidazo[2,1-b][1,3,4]-thiadiazole-5carbaldehyde (4j)

2-methyl-6-(40 -methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4s)

Yield 50%. IR mmax cm1 3083, 3029, 2975, 2852, 1671,
1600, 1519, 1481, 1187. 1H-NMR (CDCl3, 400 MHz) d
(ppm): 4.46 (2H, s, -CH2-), 7.34–7.42 (5H, m, ar), 7.48–
7.53 (3H, m, ar), 7.81–7.83 (2H, m, ar), 10.04 (1H, s, CHO). +ESI (m/z): 320.2 [M + 1].

Yield 52%. IR mmax cm1 3079, 2952, 2859, 1718, 1675,
1480, 1369, 1051.

2-methyl-6-(40 -methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4t)
Yield 55%. IR mmax cm1 3098, 2945, 2871, 1712, 1681,
1478, 1375, 1075.

2-benzyl-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4k)
Yield 45%. IR mmax cm1 3085, 2925, 2851, 1675, 1585,
1483, 1398, 1092. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.45 (2H, s, -CH2-), 7.35–7.44 (5H, m, ar), 8.19
(2H, d, J = 9), 8.33 (2H, d, J = 9), 10.20 (1H, s, -CHO).
+ESI (m/z): 365.2 [M + 1].

2-(4-chlorobenzyl)-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4l)
Yield 44%. IR mmax cm1 3092, 2935, 1670, 1599, 1520,
1343, 1102. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.57
(2H, s, -CH2-), 7.45 (4H, s, ar), 8.26 (2H, d, J = 8), 8.32
(2H, d, J = 8), 10.06 (1H, s, -CHO). -ESI (m/z): 397.0
[M  2].

2-(4-chlorobenzyl)-6-(4-bromophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4m)
Yield 48%. IR mmax cm1 3100, 2995, 1675, 1601, 1525,
1345, 1105. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.55
(2H, s, -CH2-), 7.44 (4H, s, ar), 7.69 (2H, d, J = 8), 7.91
(2H, d, J = 8), 9.97 (1H, s, -CHO). -ESI (m/z): 431.9
[M  1].

General procedure for the preparation of 3-((2-(4substitutedbenzyl-6-(4-substitutedphenyl)imidazo[2,1-b]
[1,3,4]thiadiazol-5-yl) methylidene)-1,3-dihydro-2Hindol-2-ones (5a–5t)
The 2-indolinone (10 mmol) was dissolved in methanol
(100 mL) and treated with appropriate carbaldehyde (4a–
4t) (10 mmol) and piperidine (1 mL). The reaction mixture
was refluxed for 1–5 h (according to a TLC test), cooled,
and concentrated under reduced pressure. The resulting
precipitate was collected by filtration with a yield of 70–
85% and it was purified by recrystallization from ethanol.

3-((2-benzyl-6-(4-bromophenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol-2-one (5a)
Yield 80%. IR 3208, 3095, 3055, 1708, 1613, 1459, 1399,
1202. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.41 (2H,
s, CH2), 6.60–6.69 (2H, m, ar), 6.85 (1H, d, J = 8), 7.16–
7.20 (1H, m, ar), 7.29–7.37 (5H, m, ar), 7.58–7.60 (3H, dm,
J = 8), 7.63 (2H, d, J = 8), 10.65 (1H, s, NH). -ESI (m/z):
515.3 (M  2).

2-(4-chlorobenzyl)-6-(4-fluorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazole-5-carbaldehyde (4n)

3-((2-benzyl-6-(4-chlorophenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol-2-one
(5b)

Yield 45%. IR mmax cm1 3053, 2915, 2840, 1653, 1604, 1492,
1388, 1090. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.56

Yield 82%. IR 3187, 3092, 3057, 2962, 1709, 1458, 1400,
1202. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.41
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(2H, s, -CH2-), 6.62 (1H, d, J = 8), 6.66 (1H, t, J = 16),
6.85 (1H, d, J = 8), 7.16–7.20 (1H, m, ar), 7.28–7.38
(5H, m, ar), 7.47 (2H, d, J = 8), 7.58 (1H, s, ar), 7.70
(2H, d, J = 8), 10.65 (1H, s, NH). +ESI (m/z): 467.6
(M + 1).

3-((2-benzyl-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol-2-one
(5c)
Yield 79%. IR 3172, 3091, 2950, 1709, 1611, 1462, 1410,
1210. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 3.84 (3H,
s, OCH3), 4.41 (2H, s, -CH2-), 6.65–6.68 (2H, m, ar), 6.85
(1H, d, J = 8), 7.14–7.19 (2H, m, ar), 7.29–7. 35 (6H, m,
ar), 7.57 (1H, s, =CH-), 7.61–7.63 (1H, m, ar), 7.88–7.89
(1H, m, ar), 10.64 (1H, s, NH). -ESI (m/z): 465.3 (M  1).

3-((2-(4-chlorobenzyl)-6-phenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol-2-one
(5e)
Yield 81%. IR 3226, 3091, 2895, 1703, 1615, 1461, 1209.
1
H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.44 (2H, s,
CH2), 6.62–6.68 (2H, m, ar), 6.86 (1H, d, J = 8), 7.17–7.19
(1H, m, ar), 7.35–7.45 (8H, m, ar), 7.60 (1H, s, =CH-), 7.72
(1H, d, J = 8), 10.65 (1H, s, NH). -ESI (m/z): 469.5
(M  1).

3-((2-(4-chlorobenzyl)-6-(4-chlorophenyl)imidazo[2,1-b]
[1,3,4]thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol2-one (5f)
Yield 83%. IR 3172, 3089, 3037, 2959, 1708, 1612, 1457,
1203. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.40 (2H,
s, -CH2-), 6.65–6.69 (2H, m, ar), 6.85 (1H, d, J = 8), 7.18
(1H, t, J = 16), 7.24 (2H, d, J = 8), 7.28–7.37 (4H, m, ar),
7.56 (1H, s, =CH-), 7.60 (2H, d, J = 8), 10.63 (1H, s, NH).
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(ppm): 4.41 (2H, s, -CH2-), 6.62–6.66 (2H, m, ar), 6.84
(1H, d, J = 8), 7.17–7.19 (2H, m, ar), 7.24 (2H, t, J = 16),
7.34–7.36 (4H, m, ar), 7.58 (1H, s, ar), 7.70–7.74 (2H, dd,
J = 8, 8), 10.64 (1H, s, NH).

3-((2-benzyl-6-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl)
mehylidene)-1,3-dihydro-2H-indol-2-one (5j)
Yield 78%. IR 3184, 3068, 2895, 2823, 1702, 1616, 1458,
1335, 1208. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.41
(2H, s, -CH2-), 6.63–6.67 (2H, m, ar), 6.85 (1H, d,
J = 8 Hz), 7.17–7.19 (1H, m, ar), 7.30–7.36 (6H, m, ar),
7.41 (2H, t, J = 16), 7.59 (1H, s, ar), 7.71 (2H, d, J = 8),
10.64 (1H, s, NH). -ESI (m/z): 435.5 (M  1).

3-((2-(4-chlorobenzyl)-6-(4-nitrophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazol-5-yl)methylidene)-1,3-dihydro-2Hindol-2-one (5l)
Yield 81%. IR 3148, 3075, 2835, 1708, 1641, 1606, 1464,
1415, 1342, 1226. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.46 (2H, s, -CH2-), 6.59 (1H, d, J = 8), 6.66 (1H, t,
J = 8), 6.87 (1H, d, J = 8), 7.19 (1H, t, J = 16), 7.36–7.42
(4H, m, ar), 7.64 (1H, s, =CH-), 7.99 (2H, d, J = 8), 8.26
(2H, d, J = 8), 10.71 (1H, s, NH).

3-((2-(4-chlorobenzyl)-6-(4-bromophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazol-5-yl)methylidene)-1,3-dihydro-2Hindol-2-one (5m)
Yield 85%. IR 3144, 3080, 2888, 2821, 1705, 1618, 1487,
1461, 1403, 1209. 1H-NMR (DMSO-d6, 400 MHz) d (ppm):
4.45 (2H, s, -CH2-), 6.62 (1H, d, J = 8), 6.68 (1H, t, J = 16),
6.87 (1H, d, J = 8), 7.20 (1H, t, J = 16), 7.36–7.44 (4H, m,
ar), 7.58 (1H, s, =CH-), 7.63 (2H, d, J = 8), 7.65 (2H, d,
J = 8), 10.67 (1H, s, NH). -ESI (m/z): 549.5 (M  1).

3-((2-(4-chlorobenzyl)-6-tolylimidazo[2,1-b][1,3,4]thiadiazol5-yl) methylidene)-1,3-dihydro-2H-indol-2-one (5g)

3-((2-(4-chlorobenzyl)-6-(4-fluorophenyl)imidazo[2,1-b]
[1,3,4]-thiadiazol-5-yl)methylidene)-1,3-dihydro-2Hindol-2-one (5n)

Yield 82%. IR 3168, 3089, 2953, 1703, 1617, 1460, 1414,
1204. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.30 (3H,
s, -CH3), 4.41 (2H, s, -CH2-), 6.62–6.67 (2H, m, ar), 6.85
(1H, d, J = 8), 7.15–7.18 (1H, m, ar), 7.24 (2H, d, J = 8),
7.33–7.42 (4H, m, ar), 7.54 (1H, s, =CH-), 7.60 (2H, d,
J = 8), 10.62 (1H, s, NH). -ESI (m/z): 483.5 (M  1).

Yield 80%. IR 3168, 3092, 2897, 2825, 1704, 1616, 1496,
1462, 1413, 1222. 1H-NMR (DMSO-d6, 400 MHz) d
(ppm): 4.45 (2H, s, -CH2-), 6.62 (1H, d, J = 8), 6.67 (1H, t,
J = 16), 6.86 (1H, d, J = 8), 7.19 (1H, t, J = 16), 7.26 (2H,
t, J = 16), 7.36–7.44 (4H, m, ar), 7.59 (1H, s, =CH-), 7.73–
7.76 (2H, m, ar), 10.65 (s, 1H, NH).

3-((2-benzyl-6-(4-fluorophenyl)imidazo[2,1-b][1,3,4]
thiadiazol-5-yl)-methylidene)-1,3-dihydro-2H-indol-2-one
(5i)

3-((2-(4-chlorobenzyl)-6-(2-oxo-2H-chromen-3-yl)
imidazo[2,1-b][1,3,4]-thiadiazol-5-yl) methylidene)-1,3dihydro-2H-indol-2-one (5o)

Yield 82%. IR 3252, 3187, 3093, 2897, 2824, 1703, 1614,
1499, 1461, 1413, 1224. 1H-NMR (DMSO-d6, 400 MHz) d

Yield 83%. IR 3136, 3071, 2898, 2836, 1748, 1702, 1618,
1469, 1220. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 4.47
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(2H, s, -CH2-), 6.61 (2H, d, J = 8), 6.83 (1H, d, J = 8),
7.12–7.16 (1H, m, ar), 7.36–7.43 (6H, dd, J = 8, 8), 7.63
(1H, t, J = 16), 7.75 (1H, s, =CH-), 7.87 (1H, d, J = 8),
8.51 (1H, s, ar), 10.59 (1H, s, NH). -ESI (m/z): 537.7
(M  1).

(3H, s, CH3), 3.75 (3H, s, OCH3), 6.71–6.65 (2H, m, ar),
6.83 (1H, d, J = 8), 6.99 (2H, d, J = 8), 7.14 (1H, t,
J = 16), 7.56 (1H, s, =CH-), 7.64 (2H, d, J = 8), 10.60 (1H,
s, NH). -ESI (m/z): 387.1 (M  1).

Biology
3-([6-(4-chlorophenyl)-2-methylimidazo[2,1-b][1,3,4]
thiadiazol-5-yl] methylidene)-1,3-dihydro-2H-indol-2-one (5p)
Yield 80%. IR 3150, 3066, 2899, 1750, 1700, 1621, 1471,
1221. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.71 (3H,
s, CH3), 6.61 (1H, d, J = 8 Hz), 6.66 (1H, t, J = 16), 6.83
(1H, d, J = 8), 7.15 (1H, t, J = 16), 7.46 (2H, d, J = 8),
7.58 (1H, s, -CH=), 7.69 (2H, d, J = 8), 10.63 (1H, s, NH).
ESI (m/z): 393.1 (M).

3-([6-(4-bromophenyl)-2-methylimidazo[2,1-b][1,3,4]
thiadiazol-5-yl]methylidene)-1,3-dihydro-2H-indol-2-one (5q)
Yield 75%. IR 3126, 3071, 2892, 2830, 1745, 1698, 1618,
1458, 1227. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 1HNMR (DMSO-d6, 400 MHz) d (ppm): 2.71 (3H, s, CH3),
6.61 (1H, d, J = 8), 6.67 (1H, t, J = 16), 6.83 (1H, d,
J = 8), 7.15 (1H, t, J = 16), 7.57 (1H, s, =CH-), 7.59 (2H,
d, J = 8), 7.65 (2H, d, J = 8), 10.64 (1H, s, NH). ESI (m/
z): 437.1 (M).

3-([6-(4-nitrophenyl)-2-methylimidazo[2,1-b][1,3,4]thiadiazol5-yl]methylidene)-1,3-dihydro-2H-indol-2-one (5r)
Yield 78%. IR 3129, 3068, 2895, 2841, 1751, 1706, 1625,
1469, 1224. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.72
(3H, s, CH3), 6.58 (1H, d, J = 8), 6.64 (1H, t, J = 16), 6.84
(1H, d, J = 8), 7.15 (1H, t, J = 16), 7.64 (1H, s, =CH-),
7.97 (2H, d, J = 8), 8.25 (2H, d, J = 8), 10.68 (1H, s, NH).
-ESI (m/z): 402.1 (M  2).

3-([6-(4-methylphenyl)-2-methylimidazo[2,1-b][1,3,4]
thiadiazol-5-yl]methylidene)-1,3-dihydro-2H-indol-2-one (5s)
Yield 81%. IR 3133, 3080, 2899, 2841, 1751, 1709, 1618,
1475, 1223. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.29
(3H, s, CH3), 2.69 (3H, s, CH3), 6.66 (1H, d, J = 8), 6.69
(1H, t, J = 16), 6.83 (1H, d, J = 8), 7.15 (1H, t, J = 16),
7.23 (2H, d, J = 8), 7.56 (1H, s, =CH-), 7.60 (2H, d, J = 8),
10.61 (1H, s, NH). +ESI (m/z): 373.1 (M + 1).

3-([6-(4-methoxyphenyl)-2-methyl imidazo[2,1-b][1,3,4]
thiadiazol-5-yl]methylidene)-1,3-dihydro-2H-indol-2-one
(5t)
Yield 80%. IR 3121, 3065, 2892, 2835, 1747, 1700, 1619,
1465, 1218. 1H-NMR (DMSO-d6, 400 MHz) d (ppm): 2.69
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Enzymes, chemicals, and reagents
Chemical reagents were obtained from Sigma Chemical
Co., (St Louis, MO, USA), Amresco (Fountain Parkway
Solon, OH, USA) and SRL (Andheri (E), Mumbai, India).
DNA-modifying enzymes were from New England Biolabs
(Beverly, MA, USA) and Fermentas (Glen Burnie, MD,
USA). Antibodies were purchased as specified. Culture
media were from Sera Laboratory International Limited
(West Sussex, UK), FBS and PenStrep were from Gibco
BRL (Gaithersburg, MD, USA). HA 14-1, Gossypol, and
Epigallocatechin were purchased from Santa Cruz Biotechnology, Dallas, TX, USA.

Cell lines and culture
K562 (human chronic myelogenous leukemia), T47D (human breast cancer), 293T (human embryonic kidney epithelial cell line), and EAC (mouse breast cancer) were
purchased from National Centre for Cell Science, Pune,
India. A2780 (ovarian cancer) was purchased from ATCC,
USA. CEM (T-cell leukemia), NALM6 (B-cell leukemia),
and REH (B-cell leukemia) were kind gifts from Dr. M.R.
Lieber, USA. HeLa (human cervical carcinoma), P388D1
(mouse lymphoma), LNCaP (human prostate carcinoma),
and Molt4 (T-cell leukemia) were purchased from National
Centre for Cell Science, Pune, India. Cells were cultured in
RPMI 1640 or Dulbecco’s Modified Eagle medium supplemented with 10% FBS, 100 lgmL1 Penicillin, and 100 lg
streptomycinmL1 and incubated at 37 °C in a humidified
atmosphere containing 5% CO2.

Plasmid constructs
Codon-optimized BCL2 cDNA was commercially synthesized for expression in Escherichia coli (Life Technologies,
Carlsbad, CA, USA). Transmembrane-deleted codon optimized BCL2 was amplified using primers SV29 and SV30,
products were digested with BamHI and XhoI, and cloned
into respective sites of pET28a to generate pMS42. DNA
sequence corresponding to the BH1 domain of BCL2 was
deleted by employing site-directed mutagenesis, using primers SV35 and SV36 to generate pMS45. Similarly, pMS46
containing BH3-deleted BCL2 was obtained (using SV37
and SV38 primers). Amplicons were treated with KLD mix
(New England Biolabs) and transformed into E. coli to
generate the constructs. In all cases, sequence of the cloned
amplicon was confirmed by DNA sequencing.
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pMS8 vector, for bacterial overexpression and purification of N-terminal His-tagged BCL2, was generated by
amplifying the BCL2 coding sequence using primers MS50
and MS51. The PCR product, which is a truncated version
of BCL2 (terminal 69 amino acids truncation including
transmembrane and a part of BH2 domain), was gel purified and cloned into NdeI and XhoI site of pET28a+ to
obtain the pMS8 plasmid. The identity of clone was confirmed by restriction digestion followed by sequencing.
Truncated BAK lacking transmembrane domain was
PCR amplified from human cDNA using the primers
SS107 and SS109. The amplified product was cloned into
EcoRI and HindIII sites of pETDuet-1 vector. The resulting clone, pMS27, was used for expression studies following sequence confirmation.
BCL2A1 plasmid was a gift from Nicola Burgess Brown
(Addgene plasmid # 42399). For mammalian expression,
BCL2A1 plasmid was digested using KpnI and EcoRI, and
cloned into pCDNA3-mRFP. BCL-xL plasmid was a gift
from Dr. J. Lakey, UK. pETDuet-1 was a gift from Dr. B
Gopal, India. pCDNA3.1-hMcl-1 was a gift from Roger
Davis (Addgene plasmid # 25375).

Oligomers
Oligomers were designed and synthesized from IDT, USA
and Xcelris, India. Oligomers used in this study were,
SV29, 50 -GGATCCATGGCACATGCAGG-30 ; SV30, 50 -C
TCGAGTTAATCAAACAGCG-30 ; SV35, 50 -ACACATAA
CACCTTCAACAACGGTTGCA-30 ; SV36, 50 -CGTTGTT
GAAGGTGTTATGTGTG-TGGAA-30 ; SV37, 50 -ACGAC
GATAAA-CAGGCGGAACCGGACTC-30 ; SV38, 50 -CCG
CCTGTTTATCGTCGTGATTTTGCA-30 ; MS50, 50 -CAT
ATGATGGCGCACGCTGGGAG-30 ; MS51, 50 -CTCGAG
TCAGGGCGACATCTC-CC-30 ; SS107, 50 -GAATTCATG
GCTTCGGGG-CAAG-30 ; SS109, 50 -AAGCTTATTGCC
CAAGT-TCAG-30 ; SV74, 50 -GTGTCAAAAGTCCCCTC
AGGA-30 ; SV75, 50 -ACACAGCTCACC-TCTTTCTGT-30 ;
SV76, 50 -CTGCAGTG-CGTCCTACAGAT-30 ; SV77, 50 T
TCTGGC-AGTGTCTACGGAC 30 .

In silico docking
The 2D structures of the synthesized compounds were built
and subsequently converted to 3D structures using Discovery studio 2.5 and optimized using steepest descent algorithm available within the same package (Discovery Studio
2.5). Crystal structure of human BCL2 (1GJH) retrieved
from PDB database was used to dock the synthesized compounds with the aid of AutoDock Vina [26]. Input files for
AutoDock Vina were prepared using AutoDock Tools 4.2
that included addition of polar hydrogen atoms and gasteiger charges [45]. Autogrid 4.2 was used to generate the grid
3 with a grid
map. A grid box of size 40 9 40 9 40 A
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 was set to cover the putative binding site
spacing of 0.375 A
of the BCL2. Docking was performed keeping BCL2 fixed
while the inhibitors were allowed to flex. Forty conformations were generated for each inhibitor. All other parameters
were set to default values. PYMOL 1.7 was used to visualize
the results obtained by Vina. Conformation pertaining to
lowest binding energy was chosen for further studies. MCL1
structure in which BH1 domain is swapped with that of
BCL2 was modeled (2MHS; 4OQ6; 1WSX; 1GJH as templates) using MODELER 9v7 available within the Discovery
studio 2.5 package. Subsequently, the model was energyminimized using Sander module of AMBER 14.0 (ff14SB)
[46], AMBER 14, University of California, San Francisco).
Superposition of wild-type MCL1 and BH1 domain (data
swapped MCL1 model displayed a RMSD of ~ 0.4 A
not shown). Interaction between various BCL2 family proteins and Disarib was deciphered using the graphical interface of insight II3 on an O2 sgi workstation. Figures were
prepared using PYMOL (http://www.pymol.org).

Trypan blue exclusion assay
Cell viability after treatment with the potential BCL2 inhibitors was assayed using trypan blue exclusion assay
[47,48]. Briefly, the compounds (10, 50, 100, and 250 lM)
were added to the cells (NALM6, K562, and CEM) and
were harvested at 48 h post treatment. Number of viable
cells was ascertained by mixing cells with equal volume of
0.4% trypan blue stain (Sigma Chemical Co.). The cells
were then counted using a hemocytometer and the cell
number was plotted against time period of cell growth.
Data from the 48-h time point was used for calculating the
IC50 value of individual compound from selected cell lines.
In experiments wherein cytotoxicity induced by Disarib
was compared in REH, K562, NALM6, 293T, CEM, and
T47D, cells were treated with 2, 5, 10, and 20 lM of Disarib. DMSO-treated cells served as the vehicle control. Cell
viability was assayed after 48 and 72 h of the compound
treatment by trypan blue assay. Results shown are derived
from a minimum of three independent experiments.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay
In order to measure cell proliferation after treatment with
the compounds, the cultured cells (NALM6, K562, and
CEM; 25 000 cellsmL1) were treated with different concentrations (10, 50, 100, and 250 lM) of the compounds.
Equal volume of cells (100 lL) were collected at the end of
48 h and 72 h and incubated with MTT reagent (Sigma
Chemical Co) at 5 mgmL1 concentration (at 37 °C for
2 h) as described [49,50]. Change in the intensity of color
was measured at 570 nm. IC50 values were calculated using
data from 48-h time points.

The FEBS Journal 283 (2016) 3408–3437 ª 2016 Federation of European Biochemical Societies

3431

Identification of a novel inhibitor of BCL2

D. Iyer et al.

Knockdown and overexpression of BCL2
NALM6 cells resuspended in serum-free medium were
transfected with BCL2 siRNA (50, 100, and 250 nM; Cat.
No. S100299397; Qiagen, Hilden, Germany) using oligofectamine (Invitrogen, Carlsbad, CA, USA), following the
manufacturer’s instructions. The cells were grown in serumfree medium for 6 h, after which the culture was supplemented with 10% FBS. The cells were then harvested, lysed
in RIPA buffer and the lysates were checked by
immunoblotting for BCL2 expression levels. For experiments in which cells were treated with Disarib, NALM6
cells were treated with either 250 nM BCL2 siRNA or
250 nM scrambled siRNA (Cat. No. D-001210-01-05; Dharmacon, Lafayette, CO, USA). The cells were grown in
serum-free medium for 6 h, then supplemented with 10%
FBS and allowed to grow for 24 h and exposed to Disarib
(5 and 10 lM). The cell viability was determined by trypan
blue assay as described above.
For restoration of BCL2 expression following knock
down by siRNA, NALM6 cells were transfected with 25 lg
of BCL2 overexpression vector (BCL2-PCMV SPORT)
using lipofectamine (Invitrogen) as per manufacturer’s protocol. After 6 h of growth in serum-free medium, the cells
were supplemented with 10% FBS and were grown for an
additional 24 h before treatment with Disarib (5 lM). Cytotoxicity assays to measure cell viability were carried out
after 48 h of compound treatment. Overexpression of
MCL1 and BCL2A1 was performed using polyethylimine
method of transfection in NALM6 cells. In brief, ~ 5 lakh
cells were transfected with 5 lg of plasmid (pCDNA3.1hMcl-1 for MCL1 and pMH1 for BCL2A1) and 10 lg
PEI, and mixed in OptiMEM medium (GIBCO, Gaithersburg, MD, USA). The solution was then added to the cells,
and incubated at 37 °C for a period of 48 h. Cells were
harvested, RNA was isolated, and cDNA was prepared
subsequently as described [48]. The cDNA was then subjected to RT-PCR analysis using specific primers against
MCL1 and BCL2A1 genes.

Evaluation of effect of Disarib on primary cells derived
from chronic lymphocytic leukemic patients
The use of primary CLL cells from consenting patients had
approval from the Liverpool Research Ethics Committee.
The cytotoxicity of Disarib against primary leukemic samples was assayed as described earlier [51]. Briefly, six
chronic lymphocytic leukemia (CLL) patient samples were
incubated with Disarib (0, 1, 3, and 10 lM) for 4 h after
which the cells were collected and assayed for initiation of
apoptosis by Annexin V FITC binding and FACS assessment. Data from multiple experiments is represented as %
apoptosis observed above levels of spontaneous apoptosis
in DMSO-treated controls. Error bars indicate
mean  SEM.
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Overexpression and purification of BCL2 (wild-type and
mutants), BAK, BCL-xL, and BCL2A1
The transmembrane-deleted versions of BCL2, BCL-xL,
BAK, BCL2, BCL2 (delta-BH1), BCL2 (delta-BH3), and
BCL2A1 were overexpressed in E. coli, BL21 pLysS. For
purification of wild-type BCL2 protein (variant 2 [52]), cells
transformed with pMS42 were cultured in LB medium (1L)
containing ampicillin (100 lgmL1) and chloramphenicol
(34 lgmL1). A transmembrane-deleted version was used,
to facilitate the BCL2 purification. The cells were induced
with 1 mM IPTG overnight at 16 °C, harvested, and resuspended in lysis buffer (20 mM Tris-HCl [pH 8.0], 50 mM
NaCl, 5% glycerol, 1% Triton X-100, and 1 mM PMSF).
The cells were then sonicated, centrifuged, and clarified, the
extract was then loaded onto Ni-nitrilotriacetic acid column
(Novagen, Madison, WI, USA). Protein was eluted with
increasing concentration of imidazole (100–400 mM). Fractions were analyzed on a 12% SDS/PAGE followed by
CBB staining. BCL2-enriched fractions were pooled and
dialyzed against dialysis buffer (PBS containing 0.05% Triton X-100, 1 mM beta-mercaptoethanol, 5% glycerol, and
0.1 mM PMSF) overnight at 4 °C. The dialyzed fraction
was loaded onto an anion exchange column Uno-sphere Q
(BioRad, Hercules, CA, USA), and the protein was eluted
in buffer containing 50 mM Tris-HCl (pH 8.0), 250 mM
NaCl, 5 mM DTT, 0.1% Triton X-100, 5% glycerol, and
1 mM PMSF, with increasing concentration of NaCl (150–
300 mM). Fractions were analyzed on a 12% SDS PAGE
followed by CBB staining and those containing nearly
homogenous BCL2 were pooled and stored at 80 °C. Purity and identity of the protein was confirmed by silver
staining and immunoblotting.
For BCL2 (delta-BH1) and BCL2 (delta-BH3), bacterial
cells transformed with pMS45 and pMS46, respectively,
were cultured in LB medium containing ampicillin
(100 lgmL1) and chloramphenicol (34 lgmL1). Both
the proteins were overexpressed and purified as described
above.
For purification of truncated version of BCL2, pMS8
was cultured in LB medium (1 L) in the presence of appropriate antibiotics. The cells were induced with 0.5 mM
IPTG overnight at 16 °C, harvested, resuspended in lysis
buffer (50 mM Tris-HCl [pH 8.0], 50 mM NaCl, 5% glycerol, 1% Triton X-100 and 1 mM PMSF) and sonicated.
The clarified lysate was loaded onto Ni-nitrilotriacetic acid
column (Novagen) and protein was eluted according to
manufacturer’s instructions. Fractions were analyzed on
12% SDS/PAGE and BCL2-enriched fractions were pooled
and loaded onto UNO sphere Q anion exchange column
(BioRad). Proteins were eluted with an increasing gradient
of NaCl (200–500 mM) and analyzed. Fractions of interest
were further pooled and loaded onto a size exclusion column, Biogel P100 (BioRad). Protein elution was done with
a buffer containing 50 mM Tris-HCl (pH 8.0), 250 mM
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NaCl, 5 mM DTT, 0.1% Triton X-100, 5% glycerol and
1 mM PMSF, and analyzed on a SDS/PAGE by silver
staining. The fractions nearly homogenous for BCL2 were
pooled, aliquoted, and stored at 80 °C. Identity and purity of the protein was confirmed by silver staining and
immunoblotting.
BCL-xL was overexpressed and purified using the vector
pTOLT-BCL-XL as described earlier [53]. Briefly, the plasmid was transformed into E. coli, BL21 pLysS and cultured
in
LB
medium
(100 mL)
containing
ampicillin
(100 lgmL1). The culture was induced with 0.5 mM IPTG
at 37 °C for 3 h. The bacteria were lysed in 20 mM sodium
phosphate buffer (pH 8) containing 300 mM NaCl and
1 mM PMSF. The lysate was clarified and BCL-xL was
purified using Ni-nitrilotriacetic acid chromatography as
described above. BCL-xL containing fractions were pooled
and dialyzed against storage buffer (50 mM sodium phosphate buffer [pH 8.0], 300 mM NaCl, 1 mM PMSF, 10%
glycerol) and aliquots were stored at 80 °C.
For purification of BAK, pMS27 was transformed into
E. coli BL21 pLysS, grown in LB medium (1 L) containing
ampicillin (100 lgmL1), induced with 0.5 mM IPTG at
16 °C for 18 h. Protein was purified using a Ni-nitrilotriacetic
acid column as described for BCL2. Elution was performed
with a step gradient using 60–800 mM imidazole and the fractions were analyzed on 12% SDS/PAGE followed by silver
staining. BAK containing fractions were pooled and subjected to anion exchange chromatography as described above.
Eluted fractions were analyzed by silver staining and fractions
with 90% homogeneity of the BAK (250 mM NaCl) were dialyzed (20 mM Tris-HCl [pH 8.0], 300 mM NaCl, 1 mM PMSF,
and 10% glycerol) and stored as aliquots at 80 °C.
For BCL2A1 purification, E. coli BL21 cells were cultured in LB medium containing ampicillin (100 lglL1).
The cells were induced using 1 mM IPTG overnight at
16 °C, harvested, and resuspended in lysis buffer (20 mM
Tris-HCl [pH 8.0], 50 mM NaCl, 5% glycerol, 1% Triton
X-100 and 1 mM PMSF). The cells were then sonicated and
the clarified lysate was loaded onto Ni-nitrilotriacetic acid
column (Novagen), and the protein was eluted with increasing concentration of imidazole (100–400 mM). Fractions
were analyzed on a 12% SDS PAGE by CBB staining, and
BCL2A1-enriched fractions were pooled and dialyzed
against dialysis buffer (PBS containing 0.05% Triton X100, 1 mM beta-mercaptoethanol, 5% glycerol, and 0.1 mM
PMSF) overnight at 4 °C and stored at 80 °C, until use.

Circular dichroism
Circular dichroism (CD) studies were done using purified
recombinant BCL2 and BCL-xL in the presence of Disarib,
to assess binding as described [54]. The purified proteins
(9 lM) were subjected to CD following dilution in PBS and
the spectrum was recorded between wavelengths 200 and
250 nm (five cycles, scan speed of 50 nms1 at 4 °C) in a
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JASCO J-810 spectropolarimeter. A titration of Disarib
was performed with BCL2 at 10, 50, 75, 100, and 150 nM
concentrations. Comparative studies of binding were done
with 0.5 lM Disarib and BCL2 (9 lM), BCL2 truncated
version (6 lM), BAK (8 lM) and BCL-xL (6 lM) under the
given conditions. Spectra resulting from buffer alone and
buffer containing DMSO equivalent to the inhibitor volumes were subtracted from the protein spectra.

Fluorescence-based thermal shift assay
A fluorescence microplate reader (iQ5, BioRad iCycler
Multicolor Real-Time PCR detection system) was used to
monitor protein unfolding as a function of temperature.
The detection involves increase in fluorescence of a fluorophore SYPRO Orange (S5692; Sigma Chemical Co) upon
binding to the hydrophobic regions of the gradually
unfolded protein. Protein samples (1 lM) were mixed with
HEPES buffer (10 mM, pH 7.4) consisting of 19 SYPRO
orange dye and appropriate concentrations of ligand over
the range of several folds, and were incubated in 96-well
PCR microplates (BioRad) in the RT-PCR device [27,28].
Ligand concentrations were varied between 5 nM to
100 lM and the concentration of DMSO was kept constant
at 2% throughout the screens. Samples were heated at
0.5 °C per minute, ranging from 10 to 95 °C and the fluorescence intensity was measured at interval of 0.5 °C [27].
Cy5 filter with red-orange color intensity was selected for
the SYPRO Orange detection. All the experiments were
done in triplicates and the average (or best two) was considered during the analysis. Appropriate buffer blanks were
subtracted for the same in each set.
Fluorescence intensities were plotted as a function of
temperature using GRAPHPAD PRISM software and the melting
temperature of protein was determined for individual
ligand concentrations (using sigmoidal dose–response function of GraphPad). The net change in Tm was then plotted
against increasing ligand concentration. The dissociation
constants were determined by analyzing the data under
nonlinear regression (curve fit) model (least square ordinary
fit) using the Binding Saturation ‘one site-specific binding’
function.

Immunoblotting
Immunobloting was performed with 40 lg of NALM6 cell
lysates or as specified [55,56]. The cell lysates were resolved
on 8–12% SDS PAGE gels and transferred onto PVDF
membrane (Millipore, Darmstadt, Germany). The blots were
blocked with 5% skim milk in 0.1% PBST and incubated
with primary antibodies- BCL2, TUBULIN, Caspase 8
(Santa Cruz Biotechnology), activated Caspase 3, and activated Caspase 9 (Cell Signalling Technlology, Danvers, MA,
USA). After incubation with appropriate secondary antibodies (1 : 10 000 in 0.1% PBST; Santa Cruz Biotechnology),
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the blots were developed using enhanced chemilumniscence
substrate (Immobilon TM western; Millipore) and the images
were captured by LAS 3000 (FUJI, Tokyo, Japan) gel documentation system. Lysates prepared for experiments involving coimmunoprecipitation (nondenaturing method), BCL2
knockdown, overexpression, and to check the expression of
different proteins in different cell lines (RIPA buffer method)
were analyzed in a similar manner. For recombinant protein
validation and purified protein coimmunoprecipitation
experiments, 2.5 lg protein was analyzed under similar conditions.

Annexin-FITC/propidium iodide (PI) staining
To check the mode of cell death induced by the Disarib,
annexin-FITC/PI staining was carried out as described previously [57,58]. Briefly, Molt4 cells (0.25 9 105 cells) were treated with Disarib (0, 1, 2, and 5 lM) for 48 h. DMSO-treated
cells were used as control. Cells were processed, stained with
annexin-FITC/PI, and subjected to FACS analysis. Results
were analyzed in FLOWING software (version2.5; Cell Imaging
Core, Turku Centre for Biotechnology, Turku, Finland) with
minimum of 10 000 cells and plotted as dot plots. Cells
which were positive for annexin-FITC/PI staining were calculated and presented as bar diagram with error bars.

Hoechst staining
Molt4 cells were assessed for nuclear condensation following Disarib treatment (1 and 2 lM, 48 h) following staining
with Hoechst (Hoechst 33342, 1 lM). Images were captured
using Zeiss Apotome Microscope (Zeiss, Oberkochen, Germany) under 109 and 409 magnification. ~ 300–500 cells
were analyzed from each group and the quantitation represented as a table showing percentage condensed cells in
each group.

Animal experiments
Animals
Swiss albino mice (4–8 weeks old, female), were purchased
from the central animal facility, Indian Institute of Science,
Bangalore, India and were maintained as per the guidelines
of the animal ethical committee in accordance with Indian
National Law on animal care and use. The animals were
housed in polypropylene cages and provided standard pellet
diet (Agro Corporation Pvt. Ltd., Bangalore, India) and
water ad libitum. The standard pellet diet is composed of
21% protein, 5% lipids, 4% crude fiber, 8% ash, 1% calcium, 0.6% phosphorus, 3.4% glucose, 2% vitamin, and
55% nitrogen-free extract (carbohydrates). The animals
were maintained under controlled conditions of temperature and humidity with a 12 h light/dark cycle.
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DLA tumor mouse model
Dalton lymphoma ascitic (DLA) cells were used for
developing DLA liquid tumor in Swiss albino mice
[33,47,48]. Animals were given intraperitoneal injection of
DLA cells (0.25 9 106 cells per mouse) for developing
DLA liquid tumor. The mice were then randomly segregated into five groups of which one group served as the
tumor control (n = 8) and received only the methyl cellulose solution where the compounds were dissolved, while
the other groups (in each case n = 8) were given
intraperitoneal Disarib/Gossypol/Epigallocatechin/HA14-1
(10 mgkg1) administration. The first dose of treatment
was given on the day of DLA injection, and a total of
six doses were administered every alternate day in all the
cases. Tumor progression was measured by monitoring
the body weight of the animals over a period of 20 days
and data obtained are presented with error bars. Furthermore, body weight measurements were recorded in Disarib-treated mice (10 mgkg1, every alternate day), and
compared with those in untreated control group (n = 10
in each group).

Statistical analysis
For each experiment, Student’s t-test (two tailed), using
GRAPHPAD PRISM (Version 5.1; San Diego, CA, USA), was
employed to calculate the statistical significance of the
results reported. Values with P-value less than 0.05 were
considered
significant.
Values
are
presented
as
mean  SEM.
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Abstract: The aim of the study was to develop hydrogels
and investigate the suitability for transdermal delivery of
diclofenac sodium (DS) using constant voltage iontophoresis (CVI). Four batches of hydrogels of DS were developed
using hydroxylethyl cellulose (HEC) as matrix material and
terpenes as penetration enhancers. The hydrogels displayed
a viscosity of ~1500 cps at a shear rate of 250 s-1 that was
unlikely to change on minute shift in pH or temperature so
that the iontophoretic transport would be unaffected. Moreover, the hydrogels were found to possess adequate conductivity at pH 7.4 to enable iontophoretic delivery of DS. In vitro
studies indicated that passive transport of DS across porcine
skin from hydrogels was comparable (p > 0.05) to aqueous
solution. The lead hydrogel (F1), containing geraniol was
found to enhance the iontophoretic flux of DS by 5.16 fold at
1.5 V compared to passive control. In vivo studies in rats indicated that CVI on application of F1 significantly suppressed
(p < 0.001) carrageenan induced edema compared to passive
treatment throughout the study.
Keywords: constant voltage iontophoresis; diclofenac
sodium; hydrogels; hydroxyethyl cellulose; terpenes.

1 Introduction
People throughout the world are known to suffer from pain
and disability due to various musculoskeletal (MSK) disorders. MSK disorders account for nearly 3.4% and 1.7% of the
total global disease burden in the developed and developing countries respectively (1). Currently, the treatment for
MSK disorders involves oral or parentral administration of
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steroids or non steroidal anti-inflammatory drugs (NSAIDs).
NSAIDs are known to provide symptomatic relief from pain,
allow quicker recovery and return to normal activity (2).
Diclofenac is a NSAID that is commonly used in chronic
pain management associated with various MSK disorders
(3). Though the drug relieves pain by reducing prostaglandin synthesis, diclofenac undergoes extensive hepatic first
pass metabolism that invariably limits the oral bioavailability to 50–60%. Therefore, the drug needs to be frequently
administered at a daily dose of 150 mg in three divided
doses (3). Owing to the non-selective cyclooxygenase inhibition and the frequent dosing, oral diclofenac is frequently
associated with severe gastrointestinal side effects, which
invariably limits its long-term use. Transdermal administration is likely to overcome hepatic first pass metabolism,
improve bioavailability, allow dose reduction, reduce systemic exposure and thereby the dose-dependent adverse
effects and eventually improve patient compliance. Though
transdermal therapy is known to overcome the gastrointestinal adverse effects of oral diclofenac, the penetration of
therapeutic amounts into underlying inflamed tissues has
been a big challenge (4). Considering the limitations of
these products, the current work primarily aims to enhance
the transdermal delivery of diclofenac sodium (DS) from
hydrogels using constant voltage iontophoresis (CVI). CVI
is an electrically assisted technique that can promote the
transdermal transport of ionic permeants under the influence of applied low voltage (5). Though constant current
iontophoresis has been used in the past to enhance the
transdermal transport of DS from aqueous solutions (6–10),
no attempt has been made till date to investigate the iontophoretic transport of DS from hydrogels under constant
voltage. In this context, the present study aims to formulate hydrogels of DS using generally regards as safe (GRAS)
listed excipients and characterize the same to assess their
suitability for transdermal iontophoretic delivery.

2 Materials and methods
2.1 Materials
Diclofenac sodium was purchased from Yarrow Chemicals (Mumbai, India) Natrosol 250 M, a sample of
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hydroxyethyl cellulose (HEC) was donated by Ashland
Chemicals Ltd (Mumbai, India). Geraniol, l-menthol,
thymol and δ-carrageenan were purchased from SigmaAldrich (Bangalore, India). The rest of the chemicals
and reagents of analytical grade were bought from
S.D. Fine Chemicals (Mumbai, India). Deionized water
(resistivity~18 MΩ-cm) was used for all the preparations.
2.1.1 Animals
The in vivo experimental protocol was approved by
institutional Animal Ethical Committee (No.06/SAK/
HNSK/01/2013). Male Wistar rats weighing 200–250 g were
used for all the studies.

2.2 Determination of partition coefficient
The partition coefficient of DS was determined in phosphate
buffer (PB) of pH 7.40 and n-octanol system. Aqueous solutions of DS in PB (2 mg/ml) was equilibrated with equal
volume of n-octanol for 24 h with intermittent shaking after
which the resultant mixture was centrifuged at 2000 rpm
for 10 min to separate the two constituent phases. Later, the
amount of drug in aqueous phase was determined spectrophotometrically at 276 nm (UV-1800, Shimadzu Corporation,
Kyoto, Japan) on suitable dilution. The partition coefficient
was determined using equation [1] after calculating the differential amount of DS partitioned into n-octanol (11).
log P=log

CO
[1]
CPB

Where, CO and CPB represent the DS concentration in
organic phase and PB, respectively.

2.3 pH solubility profiling
The solubility of DS was determined spectrophotometrically at pH values of 1.2, 4.0, 5.0, 6.8 and 7.4 to establish the pH solubility profile of the drug. The fraction
of DS ionized at different pH was calculated by as per
Henderson-Hasselbach’s equation [2]
% Ionized=

100
[2]
1+ 10 pH-pKa

2.4 Gel preparation
Hydrogels of DS were prepared in dual asymmetric
centrifuge (DAC 150 Speed mixer, Hauschild and Co.

Waterkamp, Germany) using HEC as a matrix material.
Terpenes like geraniol, l-menthol and thymol were incorporated as a penetration enhancer into hydrogels F1, F2,
and F3, respectively while the control gel (Fc) was devoid
of any enhancer. The composition of different gel formulations are outlined in Table 1. Briefly, DS (1% w/w),
terpenes (5% w/w), ethanol (40% w/w) in PB (Q.S) were
taken to a mixing cup of the speed mixer and dispersed
at 3000–3500 rpm and for 8 min (12). Subsequently, HEC
was added to the cup and mixed for another 10 min at the
same speed to obtain a clear homogeneous hydrogel free
from air bubbles. The hydrogels were subjected to physicochemical characterization before further characterization.

2.5 pH measurements
The pH of the hydrogels were determined using an Orion
pH meter (115/220 VAC, Thermo Scientific, India). The
hydrogels were taken in separate glass beakers and the
electrode was dipped 2–3 cm deep into the gel to measure
the pH. If necessary, the gels were set to pH of 7.40±0.50
using 3 molar sodium dihydrogen phosphate or disodium
hydrogen phosphate.

2.6 IR Spectrometry
Infrared spectra of DS and drug loaded hydrogel were
recorded in region of 4000–400 cm-1 in an attenuated
total refluctance (ATR) spectrometer (Alpha, Bruker,
Billerica, MA, USA) at 20°C to identify the functional
groups in DS. No special procedure was involved in
sample preparation as the samples were directly exposed
to the IR rays in ATR spectrometer. The spectra of the gel
were compared to that of DS to establish the chemical
integrity of DS in gels.

Table 1: Composition of DS hydrogels.
Ingredients

DS
Geraniol
l-menthol
Thymol
Ethanol
HEC
PB (QS)a

Composition (% w/w)
FC

F1

F2

F3

1.00
–
–
–
–
2.75
100.00

1.00
5.00
–
–
40.00
2.75
100.00

1.00
–
5.00
–
40.00
2.75
100.00

1.00
–
–
5.00
40.00
2.75
100.00

QS, Quantity sufficient.

a
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2.7 Viscosity profiling
The viscosity of DS hydrogels was determined in a modular
compact rheometer (MCR-302, Anton-Paar Gmbh, Austria)
using a PP50/P2 spindle. The hydrogels were loaded on to
the lower peltier plate of the rheometer and the measuring
head was lowered to a gap of 0.5 mm. The viscosity was
recorded by varying the shear rate between 250 s-1 and 1 s-1
at a temperature of 25±0.2°C (13).

2.8 Conductivity measurement
The ability of the hydrogel to carry the electric current was
assessed by measuring the conductivity (14). Prior to the
measurement, conductivity meter (CD-4301, Ankom International, India) was calibrated using standard calibration
solution (0.05% w/v NaCl solution) at 25±0.5°C. Subsequently, the conductance of the samples was measured
at the same temperature by dipping the electrode into the
beaker containing hydrogels.

2.9 Skin preparation
Porcine ears from the pigs of 6–8 months of age were procured from a nearby local slaughter house. Hairs from the
surface of ears were removed using a custom made electrical trimmer while the whole skin was separated from
the underlying cartilage using a surgical scalpel. The fat
underlying the subcutaneous layer was carefully removed
using a pair of surgical scissors. Later, the full thickness
skin was washed with water before use (11).

2.10 Electrodes preparation
Most of the iontophoretic studies recommend the use
of silver-silver chloride (Ag-AgCl) electrodes due to their
stability and reversibility (15). Two silver wires having a
diameter 0.8 mm were connected to the two terminals of
a direct current source while the free ends were dipped in
0.1 N hydrochloric acid (HCl). AgCl was gradually deposited on the anode after passing the current for a period of
6 h. This Ag electrode thus coated with AgCl was used as
a cathode for the iontophoresis studies while Ag wire was
used as an anode.

27

diffusion cells (FDC) (11). The porcine skin was sandwiched
between the two halves of a diffusion cell in such a way that
the epidermis was facing the donor compartment. DS gels
(0.5 g) were charged into the donor compartment while the
receiver compartment filled with phosphate buffer saline
(PBS) was maintained at 37±0.5°C and a stirring speed of
600±10 rpm in a diffusion cell apparatus. Samples (0.5 ml)
from the receiver were withdrawn from sampling port of
the FDC at 1, 2, 3, 4, 6 and 8 h, suitably diluted and analyzed by high performance liquid chromatography (HPLC).
2.10.2 In vitro iontophoretic permeation
The in vitro iontophoretic permeation studies of DS from
hydrogels were performed under a similar set of conditions for a period of 8 h in modified FDC. However, an AgCl
cathode was mounted on the donor while a pure Ag wire
placed in the receiver compartment served as an anode
during the iontophoretic studies. A constant voltage was
applied across the electrodes during the studies and the
current flowing through the circuit was constantly monitored with a digital multimeter. Samples from the receiver
were withdrawn during the study, suitably diluted and
analyzed by HPLC. The amount of DS diffused per unit area
of the skin from the hydrogels was plotted against time and
the steady state flux (Jss) was obtained from the slope of the
linear portion of the plot. The enhancement ratios (ER) for
the hydrogel were determined using equation [3] (11).
ER =

Iontophoretic flux
[3]
Passive flux

The target flux (F) for DS was calculated as per equation [4] from the pharmacokinetic parameters cited in the
literature (16).
F=

CSSClTW
[4]
A

where, ClT stands for total body clearance of diclofenac,
which is reported to be 4.2±0.9 ml/min.kg (17). The steady
state plasma concentration (Css) was assumed to be
400 ng/ml that represented half of the peak concentration
achieved in blood after an oral dose of 50 mg in human
volunteers (18). “W” refers to the standard body weight
(~60 kg), while “A” represents the area of transdermal patch.

2.10.1 In vitro passive diffusion

2.11 HPLC analysis

In vitro passive permeation studies of DS from hydrogels
were conducted for a period of 8 h in a modified Franz

The samples collected at each time point during in vitro
studies were analyzed in a liquid chromatographic system
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(LC-2010CHT, Shimadzu Corporation, Japan). The samples
were analyzed using a UV detector at 276 nm at the oven
temperature of 25±0.2°C (19). The mobile phase comprising of a mixture of acetonitrile:deionized water (70:30 v/v)
was set to pH of 3.5 before elution of DS.

3.1 Determination of partition coefficient

2.12 In vivo pharmacodynamics
Four groups of animals with six animals in a group were
used for the pharmacodynamic studies. Prior to the start
of the studies, animals were anesthetized using ketamine
hydrochloride by intraperitoneal injection and clipped
to a wooden board with the abdomen facing upwards.
DS was allowed to passively diffuse after the application
of FC and F1 hydrogels for the first and second groups of
animals, respectively. CVI (1.5 V) was applied after applying hydrogel F1 to the third group while no hydrogel was
applied to the positive control group.
One hour after treatment, carrageenan solution
(0.05 ml of 1% solution in normal saline) was injected into
the sub-plantar region of right hind paw for all the animals
to induce the inflammation (20). Subsequently, the thickness of swollen paw of all the animals was measured using
a digital vernier caliper (Mitutoyo, Kawasaki, Japan) at 0, 1,
3, 5 and 8 h following the injection. The percentage inhibition of paw thickness was calculated using equation [5] (21).
% Inhibition=

of action when compared to a passive transdermal patch
(22). However, most often iontophoretic delivery is determined by gel properties like pH, viscosity, and conductivity (14).

( Ct -C0 )Control -( Ct -C0 )Treated
× 100 [5]
( Ct -C0 )Control

where Ct and C0 represent the paw thickness at time “t”
and “0” after injection.

DS seems to be an ideal molecule for iontophoretic
transdermal delivery by virtue of its low molecular weight
(334.24 Da) and high charge to mass ratio (2.99 × 10-3).
The experimental value of partition coefficient of DS in
n-octanol-PB system was found to be 12.907±0.256. The corresponding log P value (1.114) indicates the relative polar
nature of the DS at physiological pH and therefore, justifies
the selection of CVI to enhance the transdermal delivery.
The experimental value of log P was found to be close to the
calculated value for DS at the physiological pH (23).
The pH solubility profile of DS indicates that the solubility of the drug increases with pH at values exceeding the pKa
(pKa ~3.80) (Figure 1). The pH-pKa differential determines
the fraction of ionized species and therefore the iontophoretic efficiency. Further, the majority of the soluble fraction
of DS (~0.999) is likely to exist in an ionized state at the
physiological pH as per equation [2] making DS a suitable
candidate for cathodal iontophoresis. The diclofenac anion
would be repelled away from the cathode by electrorepulsion, which acts as a primary driving force during CVI.

3.2 Gel preparation
Gels are known to be the most suited vehicles for iontophoresis as they can be easily integrated within the device

2.13 Statistical analysis
The data was statistically compared by performing ANOVA
in GraphPad Instat 5.0 demo version software (GraphPad
Inc., CA, USA). The probability value of < 0.05 was considered to be significant.

3 Results and discussion
Iontophoresis is found to be more effective compared to
passive diffusion in delivering charged therapeutic agents
to subdermal tissues as it is known to promote direct tissue
penetration rather than systemic reabsorption. Moreover,
iontophoresis is considered to be the right option to deliver
NSAIDs as the technique is likely to ensure a quicker onset

Figure 1: pH solubility profile of diclofenac sodium.
Each data point represents mean±SD (n = 3).
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(14). Bioadhesive gels are advantageous compared to
liquids in that they adhere well to the skin conforming to
the skin contours thereby preventing the material from
flowing over the skin (24). Water was used as a solvent in
the gels due to its biocompatibility, high dielectric constant and its ability to render the gels more conductive.
Bearing in mind the low pKa value of DS, the gels were
buffered to a pH of 7.40 so as to ensure that the major fraction of the drug existed in the ionized state. Moreover, the
pH selected is less prone to cause skin irritation. Considering the permeation issues of DS, terpenes were used as
a permeation enhancer in the hydrogels (Table 1). Terpenes are GRAS listed under natural transdermal penetration enhancers that are non-toxic and non-irritating (25).
As the terpenes were insoluble in the aqueous phase,
ethanol (40% w/w) was used as a co-solvent to facilitate
its dissolution in the hydrogels. HEC is a nonionic polymer
that is GRAS listed and approved by the USFDA for topical
applications owing its nonirritating and nonsensitizing
nature. HEC was used as a matrix due to its good bioadhesion, high polarity, biocompatibility and nonionic nature.
Being non-ionic, HEC avoids the possible drug-polymer
interaction and active ionic competition during CVI so
that the iontophoretic transport of DS remains unaffected.
HEC is used as a matrix material in the design of the Fentalis, a marketed transdermal iontophoretic patch of Fentanyl (26).

3.3 FTIR studies
The IR spectra of DS displayed distinctive peaks at
3380.20 cm-1, 1570.12 cm-1 and at 747.35 cm-1 due to the NH
stretching of the secondary amine, -C = O stretching of the
carboxylate ion and -C-Cl stretching, respectively. The
spectra of HEC portrayed the -C-OH stretching peak at
3444 cm-1, while the SP3 stretching vibrations of -CH2 group
were seen at 2923 cm-1 and 1020 cm-1. In the spectra of the
gels, the characteristic peaks of diclofenac appeared at
1568.24 cm-1 (C = O, carboxylate) and at 744.56 cm-1 (-C = Cl,
stretching) proving the chemical integrity of DS in hydrogels. The IR spectral observations rule out the possible
interference in the iontophoretic transport due to chemical interaction.

3.4 Viscosity profiling
The viscosity profiles of the gels were found to overlap
with each other indicating that the concentration of HEC
in the gel is likely to determine the gel viscosity rather
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Figure 2: Rheograms representing the rapid viscosity profiles of
hydrogels.

than the composition of the dispersion media (Figure 2).
The observations were consistent with the earlier reports
that suggest that viscosity of hydrogels were a function of
HEC concentrations (27). The non-Newtonian nature of the
gels was clearly evident as the viscosity was found to drop
at high rates of shear. Gels of comparable viscosities have
been used in the past for iontophoretic delivery of DS (28).
Iontophoresis is likely to induce a slight change
in the pH or temperature depending on the electrodes
used, voltage applied and the nature of the permeant.
Such changes in pH or temperature are likely to induce
a potential change in the gel viscosity and therefore the
drug delivery from a pH-sensitive or a thermo-sensitive
polymer making them a poor choice for iontophoretic
delivery. However, gels of HEC are less prone to viscosity changes due to minute shifts in the pH or temperature
making them the materials of choice for iontophoretic
delivery. HEC solutions undergo small changes in viscosity in the pH range of 2–12 while they exhibit greatest viscosity stability in the pH range of 6.5–8.0 (29).

3.5 Determination of conductivity
The conductivity of the control gel containing DS was
found to be 384.4±1.20 μSi/cm that was significantly
higher (p < 0.0001) than the value obtained for the placebo
gel (162.1±2.5 μSi/cm). The increase in conductivity on the
addition of DS indicated the potential of the drug to ionize
at pH 7.40. Further, since the conductivity of PB containing DS (398.4±5.48 μSi/cm) was comparable (p > 0.05)
to the value obtained for the control gel, it was obvious
that the increase in gel viscosity failed to restrict the ionic
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mobility and therefore is unlikely to hamper the iontophoretic transport of DS. Solutions having similar conductivities have enabled iontophoretic transport of therapeutic
agents (14, 24).

3.5.1 In vitro passive diffusion
The passive steady state flux of DS from PB and the control
gel was found to be 0.099±0.011 and 0.102±0.012 μmol/
cm2/h, respectively. Though the gel viscosity was higher
compared to the aqueous solution, no significant difference (p > 0.05) in the passive steady state flux of DS was
evident for the control gel when compared to the solution. The comparable values of fluxes indicated that the
gel viscosity did not substantially restrict the mobility of
the diclofenac anion. These observations imply that diffusion of the drug through the skin was the rate determining step in the permeation of DS rather than the diffusion
through the gel matrix. An earlier study has shown that
diffusion of ionic permeants from gels were not different
from aqueous solutions (11).
The enhancement with different penetration enhancer
for DS was found to increase in the following order: geraniol > l-menthol > thymol. Of all the hydrogels, F1 emerged as
the most efficacious formulation with an enhancement of
~2 fold compared to the passive control (Figure 3). Geraniol is an unsaturated acyclic monoterpene having a trans
confirmation with two double bond. Generally, acyclic terpenes by virtue of the definitive hydrocarbon tail with a

polar head are said to be structurally well suited to disrupt
the stratum corneum lipids. Geraniol at a concentration
of 1% in gels is reported to enhance the passive permeation of DS by 19-fold (30). The better efficacy of geraniol
compared to l-menthol could be due to the fact that geraniol being a liquid terpene has a lesser tendency to form
hydrogen bonds with the ceramides and cholesterol of the
skin lipids compared to solid counterparts. Further, the
average number of hydrogen bonds that could be formed
by liquid and solid terpenes is reported to be 1.1 and 2.0,
respectively (31). However, of the three terpenes, thymol
was not as effective as other terpenes in accelerating the
in vitro transport of DS.

3.5.2 In vitro iontophoretic permeation
The three pathways utilized by permeants to pass
through the stratum corneum of the skin are transcellular, paracellular and follicular pathways. Of these, the
paracellular lipid and follicular shunt pathways have
been identified to be the key pathways involved in the
iontophoretic transport of DS (9). Due to higher current
intensities observed at higher voltages (3.0 V and 4.5 V)
iontophoretic trials were carried out only at voltages of
1.5 V. Current strengths exceeding 0.5 mA/cm2 often cause
skin irritation, skin damage or uncomfortable electrical
stimulation during iontophoresis (32). CVI significantly
increased (p < 0.0001) the amount of DS permeated
through the skin in 8 h, compared to their passive counterparts (Figure 3). Of all the hydrogels, F1 emerged as
the leading formulation with an enhancement factor of
5.16 compared to the passive control. The better efficacy
of terpenes can be attributed to the presence of hydroxyl
groups which are known to strongly interact and disrupt
the hydrogen bonds prevailing between ceramide head
group of the stratum corneum under the applied electric
filed (11). The target flux of DS deduced based on equation (4) was found to be 19 μmol/h. Considering the iontophoretic flux of the F1 (0.526±0.041 μmol/cm2/h) at 1.5
V, a patch having a dimension of 36 cm2 would be able to
meet the target flux of DS.

3.6 In vivo pharmacodynamics

Figure 3: In vitro passive and iontophoretic transport of diclofenac
sodium.
Each data point represents mean±SD (n = 3), (***p < 0.0001, *p < 0.05),
compared to passive control (FC).

CVI following F1 treatment suppressed the carrageenaninduced edema as early as 1 h and completely inhibited
the paw swelling for 8 h indicating a faster and long
lasting action (Figure 4). Moreover, with F1, a significantly
better inhibition (p < 0.001) was seen with CVI compared to
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Figure 4: Percentage inhibition of paw thickness as a function of
time.
Each data represents mean±SEM (n = 3), (***p < 0.0001, *p < 0.05),
compared with passive control (FC).

passive treatment of the same hydrogel at all time points.
Likewise, on passive treatment the percentage inhibition by F1 at all the time points were significantly higher
(p < 0.05) compared to the control (FC). However, the effect
of CVI was found to be more pronounced compared to the
efficacy of geraniol alone. The in vivo studies conclusively
demonstrated the superior efficacy of F1 in inhibiting the
paw edema following the carrageenan challenge. Due to
the bioadhesive nature, the gels were well retained till the
end of the study maintaining excellent contact with the
skin.

4 Conclusion
Hydrogels of DS were developed using GRAS listed penetration enhancers and matrix material. By virtue of the
unique composition, the hydrogels developed are likely
to be robust enough to resist viscosity changes despite
minute changes in the pH or temperature so that the iontophoretic delivery would be unaffected. The in vitro studies
indicated that the amount of DS delivered from hydrogels
was comparable to those delivered from aqueous solutions. The in vivo studies suggested that the hydrogel F1
was able to safely deliver therapeutic amounts of DS by
transdermal iontophoresis.
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Identiﬁcation and Characterization of Novel Ligase I
Inhibitors
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The terminal step of ligation of single and/or double-strand breaks during physiological processes such as DNA
replication, repair and recombination requires participation of DNA ligases in all mammals. DNA Ligase I has been well
characterised to play vital roles during these processes. Considering the indispensable role of DNA Ligase I, a therapeutic
strategy to impede proliferation of cancer cells is by using speciﬁc small molecule inhibitors against it. In the present study,
we have designed and chemically synthesised putative DNA Ligase I inhibitors. Based on various biochemical and
biophysical screening approaches, we identify two prospective DNA Ligase I inhibitors, SCR17 and SCR21. Both the
inhibitors blocked ligation of nicks on DNA in a concentration-dependent manner, when catalysed by cell-free extracts or
puriﬁed Ligase I. Docking studies in conjunction with biolayer interferometry and gel shift assays revealed that both SCR17
and SCR21 can bind to Ligase I, particularly to the DNA Binding Domain of Ligase I with KD values in nanomolar range. The
inhibitors did not show signiﬁcant afﬁnity towards DNA Ligase III and DNA Ligase IV. Further, addition of Ligase I could
restore the joining, when the inhibitors were treated with testicular cell-free extracts. Ex vivo studies using multiple assays
showed that even though cell death was limited in the presence of inhibitors in cancer cells, their proliferation was
compromised. Hence, we identify two promising DNA Ligase I inhibitors, which can be used in biochemical and cellular
assays, and could be further modiﬁed and optimised to target cancer cells. © 2016 Wiley Periodicals, Inc.
Key words: DNA double-strand break; NHEJ; ligation; ligase inhibitor; DNA repair

INTRODUCTION
A highly meticulous DNA replication machinery
and a proficient network of DNA repair pathways
ensure proper maintenance and propagation of
genome under normal circumstances [1]. Genetic
defects in the repair, recombination and replication of
DNA can result in increased incidence of diseases
exemplified by neurological dysfunction and
cancer [2–4].
Among various kinds of DNA damage that arise in
the cell, double-strand breaks (DSBs) are considered as
the most deleterious, while single-strand breaks (SSBs)
are most common, that if not properly repaired can
pose a threat to genomic stability and cell survival [5–7]. The cell adopts different DNA repair
pathways to mend these breaks, which include,
nonhomologous end joining (NHEJ), homology
directed repair (HDR), single-strand break repair
(SSBR) and alternative NHEJ (a-NHEJ) [6,8]. Although
most of these pathways are essential for the survival of
a normal cell, they also provide growth advantage to
cancer cells to negotiate with DNA damage. Hence,
one of the best strategies that can be employed to
inhibit cancer cell growth is to develop small
molecule inhibitors that can target one or multiple
DNA repair pathways [6,9,10]. Since cancer cells
ß 2016 WILEY PERIODICALS, INC.

proliferate efficiently and faster than normal cells,
targeting replication in cancer is another attractive
strategy [11]. Such inhibitors, when used in combination with existing treatment modalities, such as
radiation possess selectivity and specificity to cancer
cells, having fewer side effects on normal cells [12–14].
Recently discovered inhibitor of Ligase IV, SCR7 is one
of the examples, where DNA repair inhibitor can be
exploited for cancer therapy by combining it with
radio and chemotherapy [10,12–14].
Since DNA ligation is an essential process during
DNA replication and is the ultimate step of major
DNA repair pathways, developing potential small
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molecule inhibitors targeting DNA ligases is important in exerting pleiotropic effects on cell proliferation and sensitivity to DNA damaging agents.
Mammalian cells possess three ATP dependent DNA
Ligases: DNA Ligase I, III and IV [9,15]. All DNA ligases
have a conserved catalytic domain and utilise the
same reaction mechanism to catalyse phosphodiester
bond formation. Among them, DNA Ligase I is
responsible for majority of the DNA ligase activity
in proliferating cells. It is essential for joining Okazaki
fragments, during DNA replication. In addition to
this, it is also involved in physiological processes such
as single-strand break (SSB) repair and recombination.
The crystal structure of hLigI complexed with nicked
DNA substrate revealed adenylation (AdD), OB-fold
(OBD) domains and a DNA-binding domain (DBD),
which is conserved among eukaryotic DNA
ligases [16].
Recent studies identified a potential Ligase I
inhibitor, L82, by screening a series of compounds
by CADD [17]. However, some of them also
exhibited inhibitory activity against DNA Ligase III
and IV, due to the conserved structure of the DBDs
of the human DNA ligases [17]. Besides, it has also
been shown that PBD (pyrollo [1,4] benzodiazepine)
derivatives and monocarbonyl curcumin derivatives
possess anticancer properties by acting against nickligation activity of DNA Ligase I [18,19]. Recently,
pharmacophore based screening identified novel
Ligase I inhibitors [20,21]. Although a few reports
exist, there is a need for developing other specific
ligase inhibitors, which can block their catalytic
activity.
In the present study we have designed, synthesised, screened and identified two putative DNA
Ligase I inhibitors, SCR17 and SCR21, using in
vitro and ex vivo assays. Both SCR17 and SCR21
blocked nick ligation catalysed by cell-free extracts
and Ligase I. Interestingly, complementation
with Ligase I in the inhibited reaction could regain
the joining activity confirming the specificity.
Finally, we show that SCR17 and SCR21 interfere

with DNA replication within the cells, possibly
affecting DNA Ligase I binding to DNA, thereby
impeding the rate of proliferation in treated cancer
cells.
MATERIALS AND METHODS
Chemicals and Reagents
Chemicals used in the present study were of high
analytical grade and purchased from Sigma–Aldrich
(St. Louis, MO), Amresco LLC (Cleveland, OH) and
SRL Pvt. Ltd. (Mumbai, India). Radioisotope-labeled
nucleotides and tritiated thymidine were purchased
from BRIT, India.
Synthesis of SCR17 and SCR21
The putative DNA Ligase I inhibitors were synthesised in an orchestrated manner using different
reagents as described in the following text, taking
several chemical parameters under consideration
such as melting points, IR spectra, NMR spectra,
Mass spectra in order to define the stability and purity
of the compounds. The melting points are uncorrected. The IR spectra were recorded in KBr on a Jasco
460þ; the 1H NMR spectra were recorded in CDCl3 /
DMSO on a Bruker (400 MHz), and J values were
reported in hertz (Hz). Mass spectra were recorded in
triple quadrapole LCMS-6410 from Agilent technologies. 5-chloro-1H-indole-2,3-dione, 5-fluoro-1H-indole-2,3-dione. 5-methyl-1H-indole-2,3-dione. 5bromo-1H-indole-2,3-dione were prepared according
to literature. 1-(4-chlorobenzyl)-1H-indole-2,3-dione
and 1-(4-methylbenzyl)-1H-indole-2,3-dione, 5-chloro1-(4-fluorobenzyl)-1H-indole-2,3-dione, 5-chloro-1-(4chlorobenzyl)-1H-indole-2,3-dione, 1-benzyl-5-bromo1H-indole-2,3-dione, 5-bromo-1-(4-chlorobenzyl)-1Hindole-2,3-dione, 5-bromo-1-(4-fluorobenzyl)-1H-indole-2,3-dione were prepared according to literature.
Preparation of 4-chloro-5-hydrazino-3-pyridazone (2)
33.0 g (0.02 M) of 4,5-dichloro-3-pyridazone 1
(Scheme 1) was dissolved in 560 ml of boiling

Scheme 1. The synthetic route employed in obtaining the compounds in series SCR17-32. Reagents and
conditions: a) NH2NH2, CH3OH. b) Substituted 1H-indole-2,3-dione, EtOH, CH3COOH, reﬂux.
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methanol. To this solution 10 g (0.6 M) of 95%
hydrazine hydrate was added portion wise. A yellow
precipitate appeared after 10 min. The mixture was
allowed to reflux for 1.5 h, cooled and filtered.
Recrystallize the product 2 (Scheme 1) from water
to get pale yellow needle. Yield- 80%; MP-193–1958C
(Lit 1958C) [22].
General Procedure for the Preparation of 3-[2-(5-chloro-6oxo-1,6-dihydropyridazin-4-yl)hydrazinylidene]-1,3dihydro-2H-indol-2-ones (SCR17-32)
A mixture of the 1H-indole-2,3-dione/1-aryl-1Hindole-2,3-dione (0.005 mol), 4-chloro-5-hydrazino3-pyridazone (2) (0.006 mol), ethanol (100 ml) and
0.5 ml of glacial acetic acid was heated under reflux
until the reaction was completed (4 h). Approximately half of the ethanol was removed in vacuum
and the solution was left overnight at room temperature. The solid which precipitated was collected,
washed with cold ethanol and recrystallized from
ethanol:chloroform (9:1) to give the following compounds (Scheme 1 and Table 1).
1. 3-[2-(5-chloro-6-oxo-1,6-dihydropyridazin-4-yl)
hydrazinylidene]-1,3-dihydro-2H-indol-2-one
(SCR17)
IR: 3353, 3064, 1712, 1657, 1587, 1464, 1396,
1344. NMR: 13.18 (s, 1H, NH), 12.99 (s, 1H, NH),
11.31 (s, 1H, NH), 8.50 (s, 1H, ar), 7.67 (d, 1H,
J ¼ 8), 7.36 (t, 1H, J ¼ 16), 7.09 (t, 1H, J ¼ 16),

2.

3.

4.

5.

6.99 (d, 1H, J ¼ 8). LC MS/MS: (-ESI) ¼ 287.9
(289.68).
1-(4-chlorobenzyl)-3-[2-(5-chloro-6-oxo-1,6-dihydropyridazin-4-yl)hydrazinylidene]-1,3-dihydro2H-indol-2-one (SCR19)
IR: 3358, 3139, 3025, 1727, 1650, 1603, 1475,
1387, 1348, 1161. NMR: 13.22 (s, 1H, NH), 12.91 (s,
1H, NH), 8.55 (s, 1H, ar), 7.56 (d, 1H, J ¼ 8), 7.44–
7.36 (m, 5H), 7.16 (t, 1H, J ¼ 16), 7.09 (d, 1H, J ¼ 8).
LC MS/MS: 412.0 (414.24).
3-[2-(5-chloro-6-oxo-1,6-dihydropyridazin-4-yl)
hydrazinylidene]-1-(4-methylbenzyl)-1,3-dihydro2H-indol-2-one (SCR20)
IR: 3357, 3138, 3024, 2957, 1728, 1649, 1603,
1472, 1387, 1347, 1159, 1017. NMR: 13.22 (s, 1H,
NH), 12.94 (s, 1H, NH), 8.55 (s, 1H, ar), 7.74 (d, 1H,
J ¼ 8), 7.37 (t, 1H, J ¼ 16), 7.28 (d, 2H, J ¼ 8), 7.15
(m, 2H, ar), 7.08 (d, 1H, J ¼ 8). LC MS/MS: 392.0
(393.83).
5-chloro-3-[2-(5-chloro-6-oxo-1,6-dihydropyridazin-4-yl)hydrazinylidene]-1,3-dihydro-2H-indol2-one (SCR21)
IR: 3185, 2958, 2851, 1689, 1653, 1607, 1465,
1465, 1392, 1293, 1158, 1079. NMR: 13.21 (s, 1H,
NH), 12.92 (s, 1H, NH), 11.42 (s, 1H, NH), 8.60 (s,
1H, ar), 7.78 (s, 1H, ar), 7.40–7.37 (m, 1H, ar), 6.97
(d, 1H, J ¼ 8). LC MS/MS: 321.9 (324.12).
5-chloro-3-[2-(5-chloro-6-oxo-1,6-dihydropyridazin-4-yl)hydrazinylidene]-1-(4-fluorobenzyl)-1,3dihydro-2H-indol-2-one (SCR23)

Table 1. Structural and Molecular Characterization of Potential Ligase I Inhibitors

Substituents
Sl No.

R

R1

Molecular formula

MW

Yield (%)

MP (8C)

Rf

SCR17
SCR19
SCR20
SCR21
SCR23
SCR24
SCR30
SCR31
SCR32

H
H
H
Cl
Cl
Cl
Br
Br
Br

H
4-Cl-C6H44-CH3-C6H4H
4-F-C6H44-Cl-C6H4C6H54-Cl-C6H44-F-C6H4-

C12H8ClN5O2
C19H13CI2N5O2
C20H16CIN5O2
C12H7Cl2N5O2
C19H12CI2FN5O2
C19H12CI3N5O2
C19H13BrClN5O2
C19H12BrCl2N5O2
C19H12BrClFN5O2

289.68
414.24
393.83
324.12
432.24
448.69
458.70
493.14
476.69

70
72
60
80
70
72
70
75
70

>300
350–351
341
>350
344–345
341
338–340
327
332

0.75
0.61
0.66
0.48
0.46
0.54
0.73
0.50
0.53

MW, molecular weight; MP, melting point.
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IR: 3303, 3133, 2958, 1648, 1595, 1467, 1387,
1338, 1006. NMR: 13.25 (s, 1H, NH), 12.84 (s,
1H, NH), 8.64 (s, 1H, ar), 7.87 (s, 1H, ar), 7.45–7.41
(m, ar, 3H), 7.19–7.10 (m, 3H, ar), 5.01 (s, 2H,
CH2-). LC MS/MS: 430 (432.24).
5-chloro-1-(4-chlorobenzyl)-3-[2-(5-chloro-6-oxo1,6-dihydropyridazin-4-yl) hydrazinylidene]-1,3dihydro-2H-indol-2-one (SCR24)
IR: 3295, 3138, 3032, 2957, 2871, 1682, 1640,
1592, 1471, 1391, 1344, 1166, 1010. NMR: 13.25
(s, 1H, NH), 12.82 (s, 1H, NH), 8.64 (s, 1H, ar), 7.87
(s, 1H, ar), 7.43–7.40 (m, ar, 3H), 7.10 (d, 1H, J ¼ 8),
5.02 (s, 2H, CH2-). LC MS/MS: 448.0 (448.69).
1-benzyl-5-bromo-3-[2-(5-chloro-6-oxo-1,6-dihydropyridazin-4-yl)hydrazinylidene]-1,3-dihydro2H-indol-2-one (SCR30)
IR: 3286, 3132, 2956, 2876, 1688, 1635, 1603, 1447,
1392, 1348, 1168, 1012. NMR: 13.24 (s, 1H, NH),
12.84 (s, 1H, NH), 8.65 (s, 1H, ar), 7.98 (s,
1H, ar), 7.56–7.53 (dd, 1H, J ¼ 8,8), 7.38–7.25 (m,
5H, ar), 7.05 (d, 1H, J ¼ 8), 5.02 (s, 2H, CH2-). LC
MS/MS: 457.9 (458.7).
5-bromo-1-(4-chlorobenzyl)-3-[2-(5-chloro-6-oxo1,6-dihydropyridazin-4-yl)hydrazinyli-dene]-1,3dihydro-2H-indol-2-one (SCR31)
IR: 3297, 3137, 3030, 2955, 1684, 1640, 1611,
1584, 1468, 1394, 1344, 1272, 1166, 1009. NMR:
13.25 (s, 1H, NH), 12.81 (s, 1H, NH), 8.65 (s, 1H,
ar), 7.99 (s, 1H, ar), 7.56–7.54 (m, 1H, ar), 7.40 (s,
4H, ar), 7.04 (d, 1H, J ¼ 8), 5.02 (s, 2H, CH2-). LC
MS/MS: 492.0 (493.14).
5-bromo-3-[2-(5-chloro-6-oxo-1,6-dihydropyridazin-4-yl)hydrazinylidene]-1-(4-fluorobenzyl)-1,3dihydro-2H-indol-2-one (SCR32)
IR: 3294, 3134, 3036, 2958, 1684, 1646, 1605,
1507, 1469, 1390, 1339, 1271, 1007. NMR: 13.24 (s,
1H, NH), 12.82 (s, 1H, NH), 8.64 (s, 1H, ar), 7.98 (s,
1H, ar), 7.56–7.53 (dd, 1H, J ¼ 8, 8), 7.45–7.41 (dd,
2H, J ¼ 8, 8), 7.16 (t, 2H, J ¼ 16), 7.06 (d, 1H, J ¼ 8),
5.00 (s, 2H, CH2-). LC MS/MS: 476.0 (476.69).

Modelling and Docking Studies
3D co-ordinates of the inhibitors were generated
and energy minimised using the steepest–descent
method (2500 cycles) using Discovery studio 2.5
software package (Discovery Studio 2.5. Accelrys, Inc.,
San Diego, CA; 2005). DNA binding domain (residues
262–535) extracted from the crystal structure of
human DNA Ligase I bound to 50 -adenylated, nicked
DNA complex (PDB ID: 1X9N; www.rcsb.org) was
chosen as the receptor. AutoDock version 4.2 was
used for docking [23]. AutoDock Tools (ADT) was used
as the GUI for preparation of the receptor and
inhibitors for docking. Polar hydrogens and Gasteiger
charges were added to both the receptor and
inhibitors using ADT. Autogrid 4.2 was used to
generate the grid map. A grid size of 43  26  45
points with 0.375 Å spacing was set to cover the
Molecular Carcinogenesis

putative binding site (see results section) of the
receptor. Lamarckian Generic algorithm [24] was
employed for docking the inhibitors in the putative
binding pocket of the receptor keeping the Ligase I
fixed while the ligand is allowed to flex. 50 runs,
population size of 150 and run-termination criteria of
a maximum of 2.5  106 energy evaluations or a
maximum of 27000 generations, which-ever came
first were adopted. Interaction between the DBD of
Ligase 1 and nicked DNA in the presence and absence
of the inhibitors (Suppl. Table S2) was deciphered
using the graphical interface of insight II (Insight II
2005L. 2005, Accelrys Inc, San Diego, CA) on an O2 sgi
workstation. Figures were prepared using PyMOL
(http://www.pymol.org). Ligase I sequences (reviewed) were retrieved from Uniprot http://www.
uniprot.org/) database. Multiple sequence alignment
was performed using Clustal Omega (http://www.ebi.
ac.uk/Tools/msa/clustalo/).
Oligomers and 50 End Labelling
Oligomeric DNA used in the study were purchased
from Sigma–Aldrich, India. Oligomers used are, MS68,
50 -atccgttgaagcctgctt-30 ; MS69, 50 -tgacatactaacttgagcgaaacgg-30 ; MS70, 50 -ccgtttcgctcaagttagtatgtcaaagcaggcttcaacggat-30 ; TSK1, 50 -gatccctctagatatcgggccctcgatccggtactactcgagccggctagcttcgatgctgcagtctagcctgag-30
and TSK2, 50 -gatcctcaggctagactgcagcatcgaagctagccggctcgagtagtaccggatcgagggcccgatatctagagg-30 .
Oligomers were purified as described earlier [25].
Briefly oligomers were resuspended in TE buffer, gel
purified on denaturing polyacrylamide gel electrophoresis (15–18%) and DNA substrates for nickjoining and double-strand break (DSB) joining assay
were prepared. The 50 end-labelling of the gel
purified oligomeric DNA with [g-32P] ATP was
performed by T4 polynucleotide Kinase [26,27]. In
order to prepare the nicked DNA substrate, radiolabelled MS68 was annealed to cold (50 phosphorylated) MS69 and MS70 and annealing was confirmed
on a gel. Similarly, in order to prepare the DSB DNA
substrate, radiolabelled TSK1 was annealed to cold
(50 phosphorylated) TSK2.
Plasmids and Bacterial Strains
Plasmid DNA harbouring DNA Ligase I (pET24aLigase I) was a kind gift from Dr. A. Tomkinson
(USA), which was used for overexpression and
purification of Ligase I. DNA Ligase IIIa/XRCC1
coexpression vector (pSS6) was generated by cloning
Ligase IIIa, released from pcDNA3.1-Lig3a with SalINotI into pSS5 [14]. Plasmid coexpressing Ligase IV
and XRCC4 was a kind gift from Dr. Mauro Modesti
(France). Rosetta(DE3)pLysS cells were purchased
from Novagen Inc. (Madison, WI). BL21(DE3)pLysS
cells were purchased from Novagen (USA). Plasmids
containing the region 233–534 (DBD) residues and
residues 533–919 (AdD–OBD) were described
previously [16].
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Cell Lines and Culture
K562 (human chronic myelogenous leukemia),
Daudi (human Burkitt’s lymphoma) and HEK 293 T
(human kidney) cell lines were purchased from
National Centre for Cell Science, Pune, India. REH
(B-cell leukemia) was a gift from Dr. M.R. Lieber (USA).
REH and K562 were cultured in RPMI1640 (Sera Lab,
UK) containing 10% FBS (Gibco BRL, USA), 100 mg/ml
penicillin and 100 mg/ml streptomycin (Sigma–Aldrich, USA). HEK 293 T cells were cultured in DMEM
medium with L-glutamine, supplemented with 10%
FBS and PenStrep. The cells were grown at 378C in a
humidified atmosphere containing 5% CO2.
Preparation of Cell-Free Extract
The cell-free extracts were prepared as described
earlier [28–30]. Testes were collected from rats (Rattus
norvegicus) strain Wistar (4–6 weeks old). Approximately, 8  107 cells were resuspended in hypotonic
buffer (Buffer A: 10 mM Tris-HCl [pH 8.0], 1 mM
EDTA, 5 mM DTT and 0.5 mM PMSF) and homogenized in the presence of protease inhibitors (1 mg/ml
each of leupeptin, aprotinin and pepstatin). Buffer B
(50 mM Tris-HCl [pH 8.0], 10 mM MgCl2, 2 mM DTT,
0.5 mM PMSF, 25% sucrose and 50% glycerol) was
added and incubated on ice for 30 min, followed by
addition of neutralized, saturated ammonium sulphate solution and incubating for 30 min at 48C. The
lysate was then ultracentrifuged at 42,000 rpm, 48C
for 3 h and supernatant was collected. Following
ammonium sulfate precipitation (65%), pellet was
collected, dissolved in dialysis buffer (Buffer C: 25 mM
HEPES-KOH [pH 7.9], 100 mM KCl, 12 mM MgCl2,
1 mM EDTA, 2 mM DTT and 17% glycerol) and then
dialyzed. The protein concentration was determined
by Bradford’s method.
Over Expression and Purification of Mammalian DNA
Ligases
Over expression and purification of DNA Ligase I
was done as described earlier [14]. Briefly, for efficient
expression of DNA Ligase I, BL21 E. coli (DE3)pLysS
bacterial cells were transformed with pET24a-Ligase I
and then induced by addition of 0.5 mM IPTG (18 h at
168C) in the presence of Chloramphenicol (34 mg/ml)
and Kanamycin (30 mg/ml). After induction, the cells
were harvested, extracts were prepared with the
extraction buffer (20 mM Tris–HCl [pH 8.0], 0.5 M
KCl, 20 mM imidazole [pH 7.0], 20 mM b-mercaptoethanol, 10% glycerol, 0.2% Tween 20 and 1 mM
PMSF) and loaded onto phosphocellulose column as
per manufacturer’s instructions (BioRad, California).
Fractions were collected, purest fractions were pooled
and reloaded on to UNO sphere Q anion exchange
column (BioRad), following which the protein was
eluted by gradient of KCl. Appropriate fractions
(Fractions 8–15) were pooled, dialyzed (Dialysis
buffer: 20 mM Tris-HCl [pH 8.0], 150 mM KCl, 2 mM
Molecular Carcinogenesis
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DTT and 10% glycerol) and stored at 808C. Purity
and identity of Ligase I was confirmed by SDS-PAGE
and immunoblotting with appropriate antibodies.
The purification of DNA Ligase IV/XRCC4 and
XRCC1/Ligase IIIa was carried out as described
earlier [14]. The N-terminally His6-tagged AD-OBD
Ligase I and DBD-Ligase I were expressed in E. coli
strain Rosetta (DE3) pLysS and purified using NiNTA
affinity column chromatography as described above.
The purity of the proteins was confirmed with SDSPAGE followed by silver staining or CBB staining.
In Vitro Joining Inhibition Assay Using Nicked DNA
Substrates
In vitro joining assay was performed as described,
but with a few alterations [28,30,31]. Nicked duplex
DNA substrates were generated by annealing radioactively labelled MS68, unlabelled (50 phosphorylated)
MS69 and MS70. Potential Ligase I inhibitors (SCR17,
19, 20, 21, 23, 24, 30, 31 and 32) were tested at a
concentration of 700 mM for their efficacy of inhibition of nick DNA ligation catalysed by DNA ligase I.
Increasing concentrations of SCR17 and SCR21 (10,
20, 50, 100, 200, 500, 1000 and 2000 mM) were first
incubated with equimolar concentrations of DNA
Ligase I (4 nmol) or cell-free extracts (1 mg) in a buffer
containing 25 mM Tris-HCl [pH 7.5], 75 mM NaCl,
10 mM MgCl2, 42.5 mM KCl, 0.025% Triton X-100,
100 mg/ml BSA, 10% PEG and 5% glycerol in a
reaction volume of 10 ml and incubated at 258C for
30 min. Nicked DNA substrate (6 nM) was added to
the mix, and incubated at 258C for another 1 h. In
control reaction DMSO equivalent to the highest
concentration of inhibitor used was added along with
the DNA and protein. Reactions were terminated by
addition of EDTA (10 mM). Reaction products were
deproteinized, precipitated and resolved on a 12%
denaturing PAGE. The gel was dried and exposed and
the signal was detected using a PhosphorImager
(FLA9000, Fuji, Japan) and analyzed with Multi Gauge
(V3.0) software. In an independent experiment
efficacy of inhibition of nicked DNA joining by
SCR17 and 21 (100, 200, 500 and 1000 mM) was
compared with that of known Ligase I inhibitor,
L82 [17].
For quantification of joined products, the area
corresponding to the band of interest was selected in
each lane, and the same sized rectangle was selected in
an area with no band from each lane of the gel for
subtracting background. Intensity measured from
each lane was indicated as photostimulated luminescence (PSL) units and plotted.
Effects of SCR17 and SCR21 on Joining of Nicked DNA
Substrate by Purified DNA Ligase III/XRCC1
Radiolabeled nicked duplex DNA substrates were
incubated with purified Ligase III/XRCC1 (2 nmol), in
presence of increasing concentrations of inhibitors (0,
10, 50, 100, 200, 500 and 1000 mM) in a buffer
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containing 25 mM Tris-HCl [pH 7.5], 75 mM NaCl,
10 mM MgCl2, 42.5 mM KCl, 0.025% Triton X–100,
100 mg/ml BSA, 10% PEG and 5% glycerol (258C for
30 min). Nicked DNA substrate was added to the
reaction mixture and incubated further at 258C for
1 h. Reactions were terminated, joined products were
purified and resolved on a 12% denaturing PAGE. The
gel was dried and exposed and the signal was detected
using a PhosphorImager (FLA9000, Fuji, Japan) and
analyzed with Multi Gauge (V3.0) software. Quantification of joined products was performed as described
above.

with unlabelled TSK2. Keeping the protein concentration constant (2 nmol), increasing amount of
inhibitors were added (0, 10, 50, 100, 200, 500 and
1000 mM) in a reaction buffer containing 25 mM TrisHCl, [pH 7.5], 75 mM NaCl, 10 mM MgCl2, 42.5 mM
KCl, 0.025% Triton X–100, 100 mg/ml BSA, 10% PEG
and 5% glycerol and incubated at 258C for 30 min.
DSB containing DNA was then added and incubated
for 258C for 1 h. Reactions were terminated, joined
products were purified, resolved on a gel and
quantified as described above.

Complementation of Nick-Joining by Purified DNA Ligase I

ForteBio Octet RED 96 (Forte Bio, Menlo Park, CA)
and Ni-NTA (NTA) sensors (Forte Bio, USA) were
employed for studying the binding of SCR17 and
SCR21 (analytes) to (His)6 tagged proteins (ligand)
loaded onto the (NTA) sensors as described previously [32,33]. 1X PBS was used as the assay buffer and
the study was conducted at 308C. Before use, all the
NTA sensor tips were hydrated in buffer (10 min). 96microwell plate filled with 200 ml of buffer, containing either the inhibitor (s) or the equivalent DMSO in
each case was agitated at 1500 rpm. The programme
was set up in a sequence of steps, which included
establishment of a stable baseline with buffer (1 min),
loading of sensors with (His)6 tagged proteins, 4 nmol
(6 min). A reference sensor without bound ligand
(protein) was subjected to the same procedure as the
sample sensors loaded with ligand, and used for
subtraction of the background signals. Following
immobilization with different (His)6 tagged proteins
(4 nmol of DNA Ligase I, DNA Ligase III, DNA Ligase
IV, AD-OBD Ligase I and DBD-Ligase I) in independent binding experiments with different concentrations of SCR17 and SCR21 (0, 100, 500, 1000
and 10000nM) was carried out, which included
baseline (1 min), association (10 min), dissociation
(10 min), baseline (8 min) and the KD values were
calculated using curve fit (1:1, association: dissociation) model.

Nicked duplex DNA substrate was incubated with
rat testicular extracts in presence of SCR17 and SCR21
(500 mM). To the nick joining inhibited reaction,
increasing concentrations of cell-free extract (0, 0.25,
0.5, 1.0, 2.0 and 5.0 mg) were added in a reaction
buffer containing 25 mM Tris-HCl [pH 7.5], 75 mM
NaCl, 10 mM MgCl2, 42.5 mM KCl, 0.025% Triton X–
100, 100 mg/ml BSA, 10% PEG and 5% glycerol (258C
for 30 min). Following preincubation, nicked DNA
substrate (6 nM) was added and incubated (258C for
1 h). Besides, a similar experiment was performed
while keeping concentration of the inhibitors’ and
cell-free extracts constant, to which increasing concentration of purified DNA Ligase I was added to assess
its ability to restore the nick-joining. Reactions were
terminated and joined products were analysed as
described above. The quantification of reaction
products was also performed as described above.
Electrophoretic Mobility Shift Assay (EMSA)
In vitro binding assay was performed as described
earlier with modifications [14]. Firstly, nicked duplex
DNA substrates were generated by annealing [g-32P]
ATP labelled oligomer MS68, unlabelled (50 phosphorylated) MS69 and MS70. The reaction was
performed by incubating nicked DNA substrate (6
nM) with purified DNA Ligase I (4 nmol) in presence
of increasing concentrations of SCR17 and SCR21 (0,
10, 100, 500, 1000 mM) in EMSA buffer (25 mM Tris
[pH 8.0], 100 mM NaCl, 0.1 mM EDTA, 0.05% Triton
X–100, 500 mM ATP, 50 mg of BSA/ml, 10% glycerol,
and 2 mM DTT) at 258C for 2 h. In the control
reaction, nicked DNA substrate was incubated with
purified DNA Ligase I (4 nmol), and 1% DMSO
(equivalent to the highest concentration of DMSO
used in the experimental sample) in EMSA buffer. The
reaction products were resolved on a 6% native
gradient polyacrylamide gel (BioRad) at 48C for
6 h. The radioactive signals were detected with
PhosphorImager as described above.
Effects of SCR17 and SCR21 on Double-Strand Break
Joining by Purified DNA Ligase IV/XRCC4
50 -50 compatible duplex DNA substrates were
generated by annealing radioactively labelled TSK1
Molecular Carcinogenesis

Biolayer Interferometry

Trypan Blue Dye Exclusion Assay
A collection of putative DNA Ligase I inhibitors
(SCR17, 19, 20, 21, 23, 24, 30, 31 and 32) were
analysed for their inhibitory effects on cancer cell
(Daudi) proliferation by performing trypan blue dye
exclusion assays [34–36]. Briefly Daudi cells (0.5  105
cells/ml) were cultured for 24 h, followed by addition
of compounds (0, 10, 50, 100 and 250 mM for 24, 48,
72 and 96 h). Cells were harvested and subjected to
trypan blue (0.4%) cell viability assays. DMSO treated
cells were used as vehicle control.
The preliminary screening of different putative
Ligase I inhibitors narrowed our search down to
SCR17 and SCR21 (0, 10, 50, 100 and 250 mM for 48 h)
whose effects were further assessed on growth of other
cells (REH, K562 and HEK 293T) by performing trypan
blue dye exclusion assays. Each experiment was
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repeated a minimum of three independent times and
the error bars are indicated.
MTT Assay
Effect of SCR17 and SCR21 on cell proliferation was
determined by MTT assay [34,35]. Briefly, REH, K562
and HEK 293 T cells were treated with the compounds
(0, 10, 50, 100 and 250 mM, for 48 h). Cells were
harvested and subjected to MTT (5 mg/ml) assay.
DMSO treated cells were used as vehicle control. Each
experiment was repeated a minimum of three
independent times and results are plotted.
[3H]-Thymidine Incorporation Assay
[3H]-Thymidine incorporation assay was performed
as described before [37]. REH cells were cultured in
duplicates in 96 well plates in a volume of 0.125 ml
(0.5  105cells/ml) and treated with SCR17 and SCR21
(24 h). An aqueous solution of [3H] thymidine
(0.5 mCi) diluted in RPMI 1640 þ 10% FBS (1:20) was
added to each well after 8 h of treatment at 378C with
SCR17 and SCR21. After 48 h of incubation at 378C,
the cells were harvested, pelleted and washed in 1X
PBS at 48C. The pellet was suspended in 5% TCA
(30 min 48C) and centrifuged at 1500 rpm (10 min).
The pellet was resuspended in ice cold PBS (50 ml),
loaded on a filter paper disc (Sartorius, Germany),
dried, suspended in scintillation liquid cocktail and
radioactive counts were taken using liquid scintillation beta-counter (LS 6500 Beckman Coulter, Burlington, NC). Radioactive counts per minute (cpm)
were recorded and percentage of inhibition of
proliferation was calculated considering the cpm of
untreated cells as 100%, presented as a bar diagram
with error bars.
Analysis of Cell Cycle by Flow Cytometry
Cell cycle analysis was performed as described
previously [38,39]. Briefly, REH cells were cultured
(1.5  105 cells/ml) for 24 h and then treated with
increasing concentrations of SCR17 and SCR21 (10,
50 and 100 mM). After 6 h of treatment, cells were
harvested, washed and permeabilized using chilled
80% ethanol at 808C overnight. The fixed cells were
centrifuged at 3,000 rpm, washed and resuspended in
ice cold 1X PBS. RNase A (50 mg/ml) was added and
incubated at 378C overnight. Following day, propidium iodide (PI, 50 mg/ml) was added and analysed
using flow cytometer (BD Biosciences, FACS Verse,
USA). Further effect of SCR17 and SCR21 on cell cycle
progression was evaluated on REH, HEK 293 T and
K562 after 48 h of treatment as described above. A
minimum of 10,000 cells were acquired in each case
and analysed using WinMDI 2.9 and Flowing Software
2.5.
Statistical Analysis
Values are expressed as mean  SEM for control and
experimental samples and statistical analyses were
Molecular Carcinogenesis

performed by one-way ANOVA followed by paired
Student’s t-test with GraphPad software prism 6 [40].
The values were considered statistically significant, if
the P  0.05.
RESULTS
Design, Synthesis and Screening of Potential DNA Ligase I
Inhibitors
Based on previous reports and docking studies we
designed several potential DNA Ligase I inhibitors [14,17]. Inhibitors have been designed on the
bases of previously described L82 platform, in which
the 2-nitro phenol ring is substituted by an indole ring
(2-Indolone; labelled ring A in current study). A panel
of 9 compounds was chemically synthesized and the
purity of compounds was characterised using NMR
and LC-MS spectroscopy (Table 1; Suppl. Figures S1
and S2). The purity of the compounds was qualitatively estimated (Suppl. Table S1). Since Ligase I
inhibitors may affect cellular division, we evaluated
the effects of synthesized compounds on cell proliferation. In order to do this, Daudi cells, where robust
Ligase I expression has been reported, were treated
with increasing concentration of compounds (0, 10,
50, 100 and 250 mM) and subjected to trypan blue
assay. Results showed that treatment with different
compounds led to the inhibition of cell proliferation,
at varying levels (Figure 1A). In addition to the delay
in cell proliferation, cell death was also induced in a
concentration dependent manner. Among the tested
compounds, SCR17, 20, 21 and SCR24 exihibited
lower IC50 values, post 48 h of treatment
(Figure 1A and B).
In order to test the efficacy of putative DNA Ligase I
inhibitors to block nicked DNA ligation, in vitro
joining assay was performed. DNA ligase I was
overexpressed and purified from bacteria to homogenity, identity was confirmed by immunoblotting
and used for the assay (Suppl. Figure S3). For the assay,
purified Ligase I (0.1 nmol) was preincubated with
inhibitors (700 mM), then incubated with [g-32P] ATP
labelled oligomeric DNA containing the nick in
appropriate buffer, products were purified and resolved on denaturing PAGE. Results showed inhibition of joining of nicked DNA substrate by various
compounds to different extents compared to vehicle
control treated reaction (Figure 1C). Among the tested
compounds SCR17 and SCR21 showed maximum
inhibition (Figure 1C).
A putative binding pocket defined by the residues
His 337, Gly 448, Arg 449, Arg 451, Gly 453 and Ala
455 [17,41] within the DNA binding domain (DBD) of
human Ligase I (residues 262–535; PDB ID: 1X9N) was
chosen as the target for docking the inhibitors due to
their well conservation among Ligase 1 family (Suppl.
Figure S4) and its proximity towards the substrate
DNA binding interface (Figure 2A). Among the panel
of 9 inhibitors screened against the DBD, SCR17 and
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Figure 1. Screening of a panel of potential DNA Ligase I inhibitors ex
vivo and in vitro. (A) Comparison of effect of various compounds on cell
proliferation. Putative DNA Ligase I inhibitors (SCR17, 19, 20, 21, 23,
24, 30, 31 and 32) were incubated with Daudi cells and their effect in
inducing cytotoxicity was studied using trypan blue dye exclusion
assays (10, 50, 100, 250 mM; 24, 48, 72 and 96 h). DMSO treated cells
served as the vehicle control. (B) Table showing IC50 values determined
based on data shown in panel A. IC50 values were calculated post 48 h
of treatment using Graphpad prism 6.0. (C) Nick joining assay to
evaluate the efﬁcacy of potential DNA Ligase I inhibitors (SCR17, 19,

20, 21, 23, 24, 30, 31 and 32). In the assay, maintaining the inhibitors’
concentration constant (700 mM), the joining proﬁciency of puriﬁed
DNA Ligase I (0.1 nmol) was determined. The reaction was carried out
at 258C for 1 h, then the joined products were analysed on 12%
denaturing PAGE. The shorter strand of nicked labelled substrate DNA
(19 nt) and the joined products (44 nt) are indicated by arrows. “M” is
50 nt ladder. The quantiﬁcation of the joining efﬁciency of DNA Ligase I
following end joining of DNA substrate has been shown. “PSLU” is
“photostimulated luminescence unit”. Error bars represent S.E.M. In all
panels P value represents  P < 0.05;  P < 0.01;  P < 0.001.

SCR21 displayed favourable binding energy
(Figure 2B and data not shown). Interactions pertaining to the most potent inhibitor, SCR17 involved NH
and carbonyl oxygen groups of the ring A, through
hydrogen bond interaction with the main chain
carbonyl oxygen of Leu 335 and Nd2 group of the side
chain of Asn 336 respectively. Chlorine and carbonyl
oxygen substituents of ring B forms hydrogen bond
with the peptide N-H and the side chain amino group
(NH2 group) of the highly conserved Arg 451.
Secondary and tertiary amine of ring B are involved
in hydrogen bond interaction with anionic oxygen of
the phosphate group of the DNA and side chain
amino group of Arg 449, respectively. Secondary
amine of the linker between the A and B rings
interacts with the carbonyl oxygen of the less
conserved Gly 448 (Figure 2C). All of these

interactions interfered with the binding of several
highly conserved residues of DBD of Ligase I (Suppl.
Figure S4) with DNA and thus accounts for the
inhibitory mechanism of SCR17 (Suppl. Table S2).
The presence of a chlorine substituent in ring A
renders SCR21 to be more hydrophilic than SCR17
(Figure 2B) and is therefore displaced further inside
the putative binding pocket of DBD, allowing the
chlorine substituent of ring A to interact with the
highly conserved basic residue His 337 through
hydrogen bond interaction (Figure 2D and Suppl.
Figure S5). Due to this displacement, away from the
DNA interaction interface, crucial competitive interactions involving the ring B substituents of SCR21 and
DNA as well as Ligase I are weakened or lost. For
instance, competitive hydrogen bond interaction
seen between the secondary amine group substituent
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Figure 2. Structure and binding afﬁnities of SCR17 and SCR21. (A) Putative binding pocket (colored in yellow)
within the DNA Binding Domain (DBD) of human Ligase I (gray surface) that was chosen as the target for docking
the potential inhibitors is shown. Residues that form the putative binding cavity are labelled. (B) 2D sketch of SCR17,
SCR21 and L82. (C, D) Interaction of SCR17 (C, Pink stick) and SCR21 (D, orange stick) with DBD of Ligase I (yellow
coloured cartoon) and nicked DNA (green sticks). Side chains of interacting residues of DBD with inhibitors SCR17
and SCR21 are shown by blue stick. Hydrogen bond interactions are indicated by dashed lines.

of ring B in SCR17 and anionic oxygen of the
phosphate is no more present with SCR21. Likewise
direct competitive interaction involving the carbonyl
oxygen of the ring B and side chain amino group
(NH2) of the highly conserved Arg 451 present in
SCR17 is lost with SCR21 (Figure 2D).
As a consequence, SCR21 abolishes only 8 interactions out of 15 between DBD of Ligase 1 and nicked
DNA (interaction involving highly conserved Ala 418,
Arg 451, Gly 453 are retained here) compared to loss
of 11 interactions observed with SCR17 (see Suppl.
Table S2). This seemingly accounts for the less
-vis SCR17.
inhibition offered by SCR21 vis-a
SCR17 and SCR21 Inhibit Nick DNA Ligation Activity
Catalysed by Cell-Free Extracts
We wondered whether the identified inhibitors
could block nicked DNA ligation catalysed by cell-free
extracts prepared from rat testes. First, the joining
assay conditions were optimized by incubating
increasing concentrations of cell extracts (0.125,
0.25, 0.5, 1, 2 and 5 mg) at 258C for 1 h. Results
Molecular Carcinogenesis

showed that a protein concentration of 1 mg had
optimal joining of nicks (Figure 3A). In order to
evaluate the effect of SCR17 and SCR21 on ligation of
nicked DNA catalysed by cell-free extracts, increasing
concentrations of inhibitors (10, 20, 50, 100, 200, 500
1000 and 2000 mM) were pre incubated with cell
extracts and used for evaluating their effect on joining
(Figure 3). Results showed a concentration dependent
inhibition of the joining in case of both SCR17 and
SCR21 (Figure 3B–E). Thus our results suggest that
both SCR17 and SCR21 blocked ligation of single
stranded DNA break joining by ligases in extracts.
DNA Ligase I Mediated Binding and Nick Ligation Is
Abolished by SCR17 and SCR21
In addition to joining of Okazaki fragments during
DNA replication DNA Ligase I can also catalyse
joining of nicks or single strand breaks, when present
on a DNA substrate [42]. Thus, we tested the ability of
SCR17 and SCR21 to block DNA nick ligation
catalysed by purified Ligase I (Suppl. Figure S3A–C).
Results showed a concentration dependent decrease
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Figure 3. Effects of SCR17 and SCR21 on joining of nicked DNA
duplex substrate catalysed by rat testicular cell-free extracts. (A) The
titration of cell-free extract (0.125–5 mg) to determine the optimum
concentration of CFE capable of catalysing nicked DNA duplex
substrates (23 nt and radiolabelled 19 nt) joining (258C for 1 h).
Products were resolved on PAGE, dried, exposed and scanned on a
PhosphorImager. ‘M’ is radiolabelled 50 bp ladder. Lane 1 was taken as
no protein DMSO control. The joined products (44 nt) are indicated
by arrows. (B) Effect of increasing concentration of SCR17 (0, 10, 20,
50, 100, 200, 500, 1000 and 2000 mM) on end joining catalyzed by
testicular cell-free extracts (258C, 1 h). (C) Histograms representing
quantiﬁcation of the inhibition of joining on nicked DNA end substrates

by SCR17, based on multiple experiments and error bars represent S.E.
M. In all panels P value represents  P < 0.05;  P < 0.01;   P < 0.001.
(D) Effect of increasing concentration of SCR21 (0, 10, 20, 50, 100,
200, 500, 1000 and 2000 mM) on end joining catalysed by testicular
cell-free extracts. (E) Histograms showing quantiﬁcation of the
inhibition of joining on nicked DNA end substrates by SCR21, based
on multiple experiments and error bars represent S.E.M. In all panels P
value represents  P < 0.05;  P < 0.01;  P < 0.001. The concentrations of SCR17 and SCR21 used are indicated. The band due to
joining is indicated by arrow. ‘M’ is 50 bp ladder. No protein control
(Lane 1) and vehicle control (Lanes 2, 3) in presence of DMSO were also
used.

in the joining efficiency when increasing concentrations of SCR17 and SCR21 were incubated with the
DNA substrate (Figure 4A and B). Interestingly, the
efficacy of inhibition caused by SCR17 was

significantly higher compared to known Ligase I
inhibitor, L82 (Figure 2B). However, SCR21 and L82
exhibited comparable levels of inhibition (Figure 4C).
The effects of SCR17 and SCR21 on joining catalysed
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by DNA Ligase III/XRCC1 and DNA Ligase IV/XRCC4
were also investigated to test the specificity of the
inhibitors. It was observed that both SCR17 and
SCR21 did not affect the joining of DNA substrates

catalysed by purified DNA Ligase III/XRCC1 and DNA
Ligase IV/XRCC4 (Suppl. Figure S6A and B). Hence,
these results showed that both SCR17 and SCR21 are
small molecular inhibitors specific to Ligase I.

Figure 4. Effect of SCR17 and SCR21 on binding and joining of
nicked DNA by DNA Ligase I. (A) Evaluation of the inhibitory effect of
increasing concentration of SCR17 and SCR21 on joining reaction
catalysed by puriﬁed DNA Ligase I. Concentrations of inhibitors used
are indicated. DMSO (equivalent to highest DMSO containing sample)
treated samples served as the vehicle control. For further description on
nicked DNA substrate,please refer Suppl. Figure S6A legend. M’ is
radiolabeled 50 bp ladder. The joined products (44 nt) are indicated
by arrows. (B) Histograms showing quantiﬁcation of the inhibition of
nick ligation by SCR17 and SCR21 and error bars based on multiple
experiments are indicated. (C) Comparison of efﬁcacy of SCR17,

SCR21 and L82 using in vitro joining inhibition assays catalysed by
puriﬁed mammalian Ligase I (4 nmol) on nicked DNA substrate in the
presence of increasing concentrations of SCR17, SCR21 or L82 (100,
200, 500 and 1000 mM). (D) Histograms showing quantiﬁcation of the
bound complex of hLig1:DNA based on electrophoretic mobility shift
assay, in the presence of increasing concentration of SCR17 and SCR21
(0, 10, 100, 500 and 1000 mM). Error bars represent S.E.M. and are
based on multiple experiments. In all panels P value represents

P < 0.05;  P < 0.01;  P < 0.001. DMSO treated samples served as
the vehicle control. For representative gel, please refer Suppl.
Figure S7A.
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The efficacy of inhibition of binding of DNA Ligase I
to nicked duplex DNA substrate in presence of SCR17
and SCR21 (0, 10, 100, 500 and 1000 mM) was
determined by electrophoretic mobility shift assay,
while keeping the protein concentration constant
(4 nmol). Results showed a concentration dependent
decrease in the intensity of bound complex in
presence of SCR17 and SCR2 1 (Figure 4D, Suppl.
Figure S7). Thus our results suggest that both SCR17
and SCR21 interfere with binding of DNA Ligase I to
nicked DNA duplex.
Complementation With Purified Ligase I can Restore
SCR17 and SCR21 Mediated Inhibition on DNA Nick
Joining
In order to further evaluate whether SCR17 and
SCR21 mediated inhibition can be reverted back by
addition of purified Ligase I, complementation
studies were performed. Cell-free extracts (0, 1, 2, 3,
4, 5 mg) pretreated with SCR17 and SCR21 (500 mM)
were incubated with nicked DNA. In some cases
following the inhibition of DNA ligation, reactions
were complemented with increasing concentrations
of purified DNA Ligase I (0, 0.1, 0.2, 0.3, 0.4, 0.8 and
1.6 nmol). Results showed inhibition of joining upon
addition of SCR17 and SCR21 as observed above
(Figure 5A and B). Interestingly, addition of purified
Ligase I resulted in restoration of joining in the cases
where cell extract (1 mg) mediated nick joining was
inhibited by SCR17 or SCR21 (Figure 5A and B). Hence
our results suggest that both SCR17 and SCR21 are
potent DNA Ligase I inhibitors.
Biolayer Interferometry (BLI) Studies Reinforced the
Binding Specificity of SCR17 and SCR21 to DNA Ligase I at
Single Molecule Level
In order to further test the affinity and binding
specificity of SCR17 and SCR21 at single molecule
level, BLI experiments were performed [32,33]. For
this, proteins under study (DNA Ligase I, DBD-Ligase
I, AD-OBD Ligase I, DNA Ligase III and DNA Ligase IV)
(Suppl. Figure S3) were immobilised as ligands on to
the Ni-NTA (NTA) sensors, by the virtue of their (His)6
tag and then subjected to increasing concentrations
of SCR17 or SCR21 (0, 100, 500, 1000, 10000 nM). The
binding of small molecule inhibitor to the NTA
biosensor increases the thickness of the layer on
sensor tip surface, which in turn is measured in real
time as an interference wavelength shift by BLI.
Results showed a significant shift in the association
curve upon addition of different concentrations of
SCR17 or SCR21 to DNA Ligase I and DBD-Ligase I in a
concentration dependent manner, with minimal
affinity towards AD-OBD Ligase I (Figure 6A–C).
Besides, SCR17 and SCR21 did not show any affinity
to DNA Ligase III, DNA Ligase IV (Figure 6D and E).
The real time binding curves that were generated
fitting globally to a 1:1 binding model and equilibrium dissociation constants (KD) were calculated for
Molecular Carcinogenesis

all the proteins and the inhibitors from the ratio of koff
(dissociation) and kon (association) constants and are
not deduced from the equilibrium plateau during
association. Interestingly, results showed a robust
binding of both SCR17 and SCR21 to DBD-Ligase I
with a KD value of 39  8.88 nM and 42 nM  12.49
nM and to DNA Ligase I (3.97 mM  0.94 mM and
3.93 mM  0.46 mM, respectively) (Suppl. Table S3),
which were much less than that for AD-OBD Ligase I
(deletion mutant of DNA Ligase I) (>100 mM), Ligase
III (>100 mM), Ligase IV (>100 mM) (Figure 6F). These
results confirm the ability of SCR17 and SCR21 to
interact specifically with DNA Ligase I, particularly
the DNA Binding Domain of Ligase I.
SCR17 and SCR21 Impede Cellular Proliferation
Ex vivo cellular studies to evaluate the effect of
SCR17 and SCR21 on cell proliferation were performed on three different cell lines, REH, K562 and
HEK 293T. Increasing concentrations of compounds
(0, 10, 50, 100 and 250 mM) were incubated with cells
for 48 h, cells were harvested and subjected to trypan
blue and MTT assays. The results showed that
although cytotoxicity was moderate in both REH
and K562 cells in most of the concentrations tested,
the rate of proliferation of cancer cells was impaired
(Figure 8A and B). Importantly, significant cytotoxicity was observed when a concentration of 250 mM of
SCR17 was used, particularly in K562 cells
(Figure 7A and B). These results suggest that treatment
with SCR17 and SCR21 affected the cell proliferation,
predominantly by affecting the joining of Okazaki
fragments during DNA replication. Interestingly, in
normal cell line, HEK 293T, higher concentrations of
SCR17 and SCR21 induced cytotoxicity, while blocking cell proliferation at lower concentrations
(Figure 7C).
Further, [3H] thymidine incorporation assay was
performed to evaluate the effect of inhibitors on DNA
replication. REH cells treated with SCR17 and SCR21
(0, 10, 50, 100 and 250 mM) in the presence of [3H]
thymidine/well were subjected to assay. We found
that replication of DNA was significantly decreased
upon addition of both SCR17 and SCR21
(Figure 7D and E).
SCR17 and SCR21 Impede Cell Cycle Progression
REH cells were treated with increasing concentration of SCR17 and SCR21. Post 6 h and 48 h of
treatment, the cells were harvested and subjected to
flow cytometry to analyse the effects of inhibitors on
cell cycle progression. The results after 6 h of
treatment showed that the presence of inhibitors
caused a halt in cell cycle progression particularly at
the S and G2/M phases to a considerable extent
(Figure 8A and B). Further, observed cell cycle arrest
was tested in REH, HEK 293 T and K562 cells following
48 h of SCR17 and SCR21 treatment. Results showed
significant cell cycle arrest at S phase in both REH
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Figure 5. Evaluation of speciﬁcity of SCR17 and SCR21 mediated
inhibition of nick ligation catalysed by puriﬁed DNA Ligase I. (A) Nick
ligation catalysed by cell-free extracts was inhibited by SCR17 and
SCR21 (500 mM). Restoration of nick ligation following inhibition by
SCR17 and SCR21 was tested upon addition of increasing quantity of
CFE (0, 1, 2, 3, 4, 5 mg). The joining reaction was performed at 258C for

1 h, and products were analysed on 12% denaturing PAGE. The joined
products are indicated by arrows. (B) PAGE proﬁle showing
complementation of nick ligation upon addition of increasing
concentrations of puriﬁed Ligase I (0, 0.1, 0.2, 0.3, 0.4, 0.8 and
1.6 nmol) following inhibition by SCR17 and SCR21 (500 mM) on
joining catalysed by CFE.

(Figure 8B) and HEK 293 T (Suppl. Figure S8A) cells.
However, we did not find such an arrest in cell cycle
progression in case of K562, a p53 mutant cell line
(Suppl. Figure S8B). Thus, our results suggest that the
addition of Ligase I inhibitors caused a halt in cell
cycle progression, particularly at the S and G2/M
phases in some cancer cells.

inhibitors, L82 and L189 were described previously [17]. Between them, L82 was more specific to
DNA Ligase I, while L189 was effective against all
three mammalian ligases [17]. Besides, PBD derivatives that can act against Ligase I were identified
recently [17]. Based on homology modelling and the
docking studies, SCR7 was identified as a potent
Ligase IV inhibitor that could block NHEJ [14].
Interestingly, SCR7 potentiated the effects of both
radio and chemotherapy [14]. When encapsulated in
a pluronic compound, SCR7 was five-fold higher
effective [12,13]. Recent studies have also shown that
SCR7 can be used as a biochemical inhibitor of NHEJ
and can improve the efficacy of CRISPR/Cas9 mediated genomic editing by several fold [10].
In the current investigation, specificity analysis
suggested that SCR17 and SCR21 targeted particularly
Ligase I. They did not inhibit the joining reaction
catalysed by Ligase III/XRCC1 or Ligase IV/XRCC4,
significantly. Interestingly, ex vivo studies, also
showed that both SCR17 and SCR21 were effective
in delaying proliferation of treated cells in a concentration dependent manner.

DISCUSSION
Developing novel strategies for cancer therapy is
important for improving the existing treatment
modalities. Developing small molecule inhibitors
targeting DNA repair pathways and DNA replication
in cancer cells are considered as promising new
strategies against cancer cell proliferation [6,9].
DNA repair proteins, particularly DNA Ligases I, III
or IV, involved in DNA replication and/or DNA repair
are proven to be an attractive therapeutic targets, as
DNA ligation is the final step involved in both the
processes [6,9,21,43].
In this study, we have designed and synthesized
several small molecule inhibitors that can block the
ligation of nicks in DNA. Based on preliminary
screening using, in silico, in vitro and ex vivo
approaches, we identified SCR17 and SCR21 as
potential DNA Ligase I inhibitors. Using in silico
screening methodologies, potent DNA Ligase I
Molecular Carcinogenesis

SCR17 and SCR21 Are Novel Ligase I Inhibitors
In vitro DNA nick ligation experiments revealed
that SCR17 and SCR21 could block the joining of
nicked DNA catalysed by cell-free extracts in a
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Figure 6. Biolayer interferometry studies showing differential
binding of SCR17 and SCR21 to different DNA Ligases. (A–E)
Biolayer interferometry sensorgrams depicting the real time binding
of different concentrations of SCR17 and SCR21 (0, 100, 500, 1000
and 10000 nM) to (His)6-tagged puriﬁed proteins (4 nmol), AD-OBD
Ligase I (A), DBD-OBD Ligase I (B), DNA Ligase I (C), DNA Ligase III (D),

DNA Ligase IV (E), immobilised to NTA sensors. The sensorgrams
curves depict the association, followed by dissociation of inhibitors.
(F) The real time binding curves were used to compute equilibrium
dissociation constant (KD) by globally ﬁtting the rate equation for 1:1
kinetics to the data. Table shows KD values based multilple BLI
experiments.

concentration dependent manner. The specificity of
inhibitor action was further determined by complementation assay with purified DNA Ligase I. More
importantly, both the inhibitors weakened ligation of
nicked DNA catalysed by purified DNA Ligase I.
Docking studies further confirmed inhibition of
Ligase I by SCR17 and SCR21. In addition, the
inhibitors affected the binding of DNA Ligase I to
nicked DNA substrate. Importantly, the BLI results
further confirmed the specific binding of SCR17 and
SCR21 only to DNA Ligase I, particularly DBD of
Ligase I, when measured in real time. Thus our results
suggest that both SCR17 and SCR21 are potent DNA
Ligase I inhibitors.
L82 is one of the well known inhibitors of DNA
Ligase I [17]. In vitro DNA nick ligation experiments
revealed that SCR17 and SCR21 also could block the

joining of nicked DNA catalysed by Ligase I in a
concentration dependent manner. Although SCR21
and L82 showed similar levels of inhibition on Ligase I
catalysed joining, SCR17 displayed enhanced inhibition, Besides, the mechanism of action of inhibitors
described by us seemed to be competitive as compared
to uncompetitive inhibition of Ligase I by L82.
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SCR17 and SCR21 Inhibit Proliferation of Cells
Intriguingly, in our ex vivo cellular assays, SCR17
and SCR21 did not induce remarkable apoptosis in
most cancer cells. Both the compounds exerted their
effects by slowing down the rate of cell proliferation
compared to the untreated controls. Since the
primary ligase involved during human DNA replication is DNA Ligase I, it is apparent that Ligase I is
sequestered in the presence of inhibitors, leading to
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Figure 7. Evaluation of effect of SCR17 and SCR21 on cell
proliferation in different cell lines. (A–C) Effect of SCR17 and
SCR21 on cell proliferation was assessed by MTT and trypan blue
dye assays. REH (A), K562 (B) and HEK 293 T (C) were cultured
(0.5  105 cells/ml) in presence of SCR17 and SCR21 (0, 10, 50,
100 and 250 mM), harvested after 48 h and used for analysis.
DMSO treated cells were used as vehicle control. Data presented
are based on two or more independent experiments and error bars
represent S.E.M. In all panels P value represents  P < 0.05;

P < 0.01;  P < 0.001. (D–E) [3H]-thymidine incorporation assay
to determine the effect of SCR17 (D) and SCR21 (E) on DNA

synthesis during cell proliferation. SCR17 and SCR21 were
incubated (0, 10, 50, 100 and 250 mM) with REH (0.5  105/ml)
cells. After 8 h of addition of inhibitors, tritiated thymidine
(0.5 mCi) was added to the aliquots of the cells (in duplicates).
Cells were harvested after 48 h and radioactive counts per minute
were determined by using a liquid scintillation counter. The
percentage inhibition of [3H]-thymidine incorporation in cells was
calculated considering the cpm in untreated as 100% and plotted
as a bar diagram. Data presented are based on multiple experiments and error bars represent S.E.M. In all panels P value
represents  P < 0.05;   P < 0.01;   P < 0.001.

its unavailability during DNA replication. This resuIts
in the failure of joining of Okazaki fragments
generated during DNA replication, leading to an
incomplete replication of DNA and hence cell
division. Importantly, the results of tritiated thymidine incorporation assay were consistent with such an
observation. In addition, the cell cycle analyses of
REH cells treated with increasing concentration of
SCR17 and SCR21 revealed a distinct S phase and G2/
M phase arrest which further confirmed the effect of
inhibitors on DNA replication.
In conclusion, we have designed, synthesised,
biophysically and biochemically characterised two
DNA Ligase I inhibitors, SCR17 and SCR21. We find
that both inhibitors specifically blocked Ligase I

mediated joining and did not interfere with Ligase
III or Ligase IV mediated joining.
The compounds under study are potential biochemical inhibitors of Ligase I. To elaborate on the
efficacy spectrum of these compounds in ex vivo and
in vivo systems, efficiency of DNA replication and
repair (by DNA Ligase I) should be affected more in
cancer cells with minimal effects in normal cells,
which need to investigated further. Preliminary
studies, however, suggest that it does possess anticancer properties at least to a limited extent. Thus, we
provide evidence for efficacy of SCR17 and SCR21 in
biochemical assays; however, the inhibitors require
further modification to carve their niche in the
existing realm of therapeutic modalities.
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Figure 8. Cell cycle analyses following SCR17 and SCR21
treatment in REH cells. SCR17 and SCR21 (0, 10, 50 and 100 mM)
were added to REH cell line and harvested post 6 h (A) and 48 h (B) of
treatment. The cells were then stained with propidium iodide and
DNA content was quantiﬁed by ﬂow cytometry. DMSO treated cells
served as the vehicle control. For each sample minimum of 10,000

cells were acquired. In each case, M1 represents G1 phase, M2 is S
phase, M3 is G2/M phase and M4 represents sub G1 phase. X axes
correspond to Propidium iodide stained cells. Bar diagram showing
the percentage of cells in the sub G1, G1, S and G2/M phase of the
cell cycle obtained after FACS analyses also presented at the right
side.
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a b s t r a c t
The purpose of the current study was to investigate the plausibility of delivery of ziconotide to the cerebrospinal
ﬂuid (CSF) via intranasal administration. Ziconotide was administered either in the form of solution or Kolliphor
P 407 gels (KP 407) intranasally in Sprague–Dawley rats. The effect of incorporation of chitosan in the formulation was also investigated. Time course of drug in the CSF was investigated by collecting CSF from cisterna magna.
Pharmacokinetics of ziconotide in CSF following intrathecal and intravenous (i.v.) administration of ziconotide
was investigated. Upon intrathecal administration the elimination rate constant of ziconotide in CSF was found
to be 1.01 ± 0.34 h−1. The Cmax and Tmax of ziconotide in CSF following intravenous administration were
found to be 37.78 ± 6.8 ng/mL and ~ 2 h respectively. The time required to attain maximum concentration
(Tmax) in CSF was less upon intranasal administration (15 min) compared to i.v. administration (120 min). Presence of chitosan enhanced the overall bioavailability of ziconotide from intranasal solution and gel formulations.
The elimination rate constant of ziconotide in CSF following intranasal and intravenous administration of
ziconotide solution was found to be 0.54 ± 0.08 h−1 and 0.42 ± 0.10 h−1 respectively. Whereas, intranasal administration of ziconotide in the form of in situ forming gel lowered the elimination rate signiﬁcantly. These results suggest that intranasal administration could be a potential noninvasive and patient compliant method of
delivering ziconotide to CSF to treat chronic pain.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
Treatment of chronic or recurring pain is a major therapeutic challenge. Chronic pain is a widely prevalent universal problem and has
been reported that more than 15% of the world's population experience
chronic pain. Reports support the fact that chronic pain signiﬁcantly affects the quality of life of patients and obviously interferes with their
participation in daily activities leading to reduced productivity [1,2].
A variety of medications are generally administered via oral, transdermal and parenteral routes for the treatment of chronic neuropathic
pain. Despite the availability of very potent drugs, the treatment of
chronic pain remains challenging [3]. It has been found that systemic
administration of drugs fails to achieve adequate pain relief in up to
~30% of patients [2]. The poor clinical responses to drugs are attributed
mainly to poor bioavailability of drugs to the brain and cerebrospinal
ﬂuid (CSF) (due to the physiological barriers protecting the CNS) and
short duration of activity of drugs due to rapid clearance of drug from
⁎ Corresponding author at: Department of Pharmaceutics and Drug Delivery, The
University of Mississippi, University, MS 38677, USA.
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these regions [4–6]. In addition, serious adverse effects restrict the use
of analgesics systemically [7].
Ziconotide (ω-conotoxin) is a synthetic peptide (25 amino acid sequence) isolated from the magician's cone snail, Conus magnus. It is
used for the treatment of chronic pain and has a novel mechanism of action that involves potent and selective blockade of presynaptic neuronal
N-type calcium channels in the spinal cord [8,9]. Ziconotide when
bound to the N-type calcium channel blocks the release of neurotransmitters from the primary afferent nerve terminals to the synaptic cleft
[10,11].
Ziconotide is found to be effective in patients who respond poorly to
opioids and other analgesic drugs [12]. However, due to the peptide nature of drug and poor ability to cross the blood–CSF barrier, bioavailability to CSF following systemic administration is poor. Moreover, systemic
administration of ziconotide is also known to cause profound side effects [13]. Therefore, recently this non-opioid drug was approved only
for intrathecal infusion by FDA and European Medicines Agency.
Although, intrathecal administration of ziconotide is considered to
be an effective route to target the spinal cord region, the procedural
and device complications may be a major concern when delivering
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drugs via intrathecal route. Meningitis is a potential complication
caused because of the contamination of the micro infusion device,
pump pocket, or catheter tract. Meningitis occurred in 3% (40 cases)
and 1% (1 case) of the ziconotide and placebo groups respectively
during the ziconotide clinical trial. Of the 41 meningitis cases 38 were
because of the use of external infusion systems [14,15]. Complications
like pump failure, program error, and incorrect reﬁll may lead to overdose of ziconotide which might lead to exaggerated pharmacological effects like ataxia, spinal myoclonus or nystagmus. Failure in adopting
proper titrations of ziconotide may also lead to cognitive and neuropsychiatric side effects [16].
Neurological deﬁcits can be developed because of the procedure
failure and inﬂammatory mass development catheter tip. Therefore,
considering all the complications associated with existing therapy for
intrathecal administration of ziconotide there is an urgent need to
develop safer methods for delivery of ziconotide to the CSF.
Intranasal delivery is a noninvasive route that offers a direct pathway from nose to CSF via the olfactory apparatus [17–21]. Nose to CSF
pathway could deliver drugs directly to the CSF bypassing the blood–
CSF barrier. In addition, intranasal delivery would be patient compliant
and allows frequent administration. Nasal formulations can be selfadministered and do not require physician supervision during administration unlike in case of intrathecal or parenteral formulations [22].
Therefore, in this project the plausibility of delivering ziconotide to the
CSF via intranasal route was investigated.
Intranasal administration of drugs to the CNS is limited because of
the poor permeability of the mucosal epithelium to drugs. Tight junctions present in the epithelia are known to limit the permeability and
bioavailability of the drug molecules. It was reported by Vaka et al.
that chitosan leads to reversible permeabilization of olfactory mucosa
leading to enhanced bioavailability of intranasally administered drugs
[23]. The bioavailability of drugs is also limited by the rapid mucociliary
clearance which could be resolved by administration of formulations
that would increase the drug residence duration on the olfactory mucosa [24]. Therefore, in the current study Kolliphor P 407 (KP 407) was
used in formulation of in situ gel to minimize the mucociliary clearance
of drug.
2. Materials and methods
2.1. Chemicals
Ziconotide acetate, chitosan (MW ~ 250 kDa, 75–80% deacetylation),
Krebs-ringer bicarbonate (KRB) (premixed powder), acetone, hydrochloric acid were procured from Sigma chemicals (St. Louis, MO).
Ziconotide acetate was radio labeled by PerkinElmer (Waltham, MA)
using 125I. Sodium perchlorate, methanol, triﬂouro acetic acid and acetonitrile were obtained from Fischer Scientiﬁc (Atlanta, GA). Kolliphor
P 407 (KP 407) was obtained from BASF (Florham Park, NJ).
2.2. Preparation of olfactory mucosa
In vitro permeation studies were carried out across bovine olfactory
mucosa (PelFreez Biologicals, Rogers, AR). Freshly excised frozen tissue
was obtained from the supplier and used immediately. The tissue was
thawed in KRB for a period of 30 min before carrying out the permeation
studies.
2.3. Analytical method
2.3.1. Quantiﬁcation of unlabeled neat ziconotide
The HPLC system (Waters, 1525) consisting of a Phenomenex C-18
analytical column (4.6 mm × 150 mm, Luna 5.0 μ) and a variable wavelength detector (Waters, 2487). The mobile phase was made up of a gradient elution starting with 100% mobile phase A for 2 min, shifting to
70% mobile phase A:30% mobile phase B over 12 min, then to 30%

mobile phase A:70% mobile phase B for next 10 min, and to 100% mobile
phase A for approximately 6 min to re-equilibrate the column. The ﬂow
rate was 1.0 mL/min and the column efﬂuent was monitored at 212 nm.
Mobile phase A consisted of 98% 25 mmol/L sodium perchlorate, 2%
methanol, and 0.05% triﬂuoroacetic acid; mobile phase B consisted of
49.95% acetonitrile, 49.95% water, and 0.1% triﬂuoroacetic acid [25].
The limit of detection for neat ziconotide was found to be 10 μg/mL.
2.3.2. Estimation of 125I ziconotide
The ziconotide samples labeled with 125I were injected into a HPLC
column using the same conditions mentioned above. The fractions eluted from the column were collected at regular intervals to separate free
iodine from the intact 125I ziconotide. The fractions collected every minute were subjected to radioactivity measurement using a Beckmann
Gamma counter (Pasadena, CA) [26].
2.4. Stability of ziconotide
2.4.1. Stability of ziconotide in olfactory tissue homogenate
Bovine olfactory mucosa was homogenized in a glass vial using a
high shear tissue homogenizer (Fisher Tissuemizer®) in KRB. To this, a
known concentration of ziconotide was incorporated and incubated at
34 °C for 6 h. Samples were collected at regular intervals, ﬁltered and
analyzed using HPLC.
2.4.2. Stability of ziconotide in CSF
CSF was collected from the cisternae magna of the Sprague–Dawley
rats. The CSF was incorporated with a known concentration of
ziconotide. The drug with CSF was incubated at 37 °C for a period of
6 h and samples were collected intermittently at regular intervals. The
collected samples were analyzed using HPLC.
2.5. Preparation of chitosan and 125I ziconotide solution
Chitosan solution was prepared by dissolving the required quantity
of chitosan in 1% glacial acetic acid solution prepared in KRB (pH 5.5).
The cold ziconotide and 125I ziconotide were dissolved separately in
KRB. The ziconotide and chitosan solutions were mixed by vortexing.
The solutions prepared without incorporation of chitosan served as
control.
2.6. Experimental setup for in vitro permeation
In vitro permeation studies were carried out using vertical Franz diffusion apparatus (Logan Instruments, Somerset, NJ). The olfactory mucosa was sandwiched between the donor and receiver compartments
such that the dorsal side of the tissue is facing the donor compartment
and the ventral side facing the receiver compartment. Ag/AgCl electrodes (procured from Alfa Aesar, Ward Hill, MA) in the form of circular
ring with a diameter of 0.5 mm were placed 2 mm away from the tissue
in both donor and receiver compartments [22]. A load resistor RL
(100 kΩ) was placed in series with olfactory mucosa after ﬁlling the
donor and receiver compartments with 500 μL and 5 mL of KRB respectively. The voltage drop across the whole circuit (Vo) and across the mucosa (VE) were measured using a waveform generator and multimeter
(Agilent Technologies, Santa Clara, CA) [27]. The resistance in kΩ cm2
was measured by applying a small voltage of about 100 mv at 10 Hz
[23,28].

RE ¼

VE RL
VO −VE

where RE is the olfactory mucosa resistance and RL is the load resistor in kΩ.

P. Manda et al. / Journal of Controlled Release 224 (2016) 69–76

2.7. Effect of chitosan on permeation of ziconotide, in vitro
The effect of different concentrations of chitosan (0.1%, 0.25% and
0.5% w/v) on the permeation of ziconotide was investigated. Drugchitosan solution was prepared as mentioned in Section 2.5. Drug solution with chitosan (100 μL) was placed in the donor compartment and
5 mL KRB was ﬁlled in the receiver compartment. Control set of experiments were run without incorporation of chitosan in donor solution.
The receiver compartment buffer was sampled at different time points,
injected in to the HPLC to separate the free Iodine and the fractions of
125
I-ziconotide were quantitated using a Beckmann gamma counter.
2.8. Preparation of in situ gel forming formulations of ziconotide
In situ gels were prepared by cold process. KRB was cooled to 4 °C,
appropriate amount of KP 407 was added and stirred overnight in the
refrigerator. Drug-chitosan solution was prepared by dissolving the required quantity of chitosan in 1% glacial acetic acid solution in polymeric
solution followed by addition of unlabeled neat ziconotide and 125I
ziconotide. In case of control, unlabeled neat ziconotide and 125I
ziconotide were dissolved in KP 407 solution without chitosan.
2.9. Rheological characterization of in-situ gel forming formulations
Rheological studies were carried out using a HR2 rheometer (TA Instruments, New Castle, DE) equipped with 25 mm parallel plate ﬁxture.
Temperature was controlled by using a Peltier stage connected to the
rheometer. The effect of chitosan addition on gel strength, gelation temperature, and complex viscosity was determined using oscillatory shear
rheology. Samples were equilibrated in the rheometer for 5 min before
starting any experiments. Each sample was examined in triplicates.
2.9.1. Gelation temperature
Oscillatory rheology was used to determine the gelation temperature (Tsol/gel) of the in situ forming gels. The samples were subjected
to a constant strain (0.5%) and frequency (0.5 Hz). The sample was heated from 10 °C to 37 °C at a rate of 3 °C and the elastic modulus (G′) as a
function of temperature was measured. The phase transition from liquid
to gel (Tsol/gel) was obtained by determining the intersection point of G′
and G″.
2.9.2. Complex viscosity
The complex viscosity as a function of temperature (10 °C to 37 °C)
during the in situ gelation process was determined at a constant frequency of 4.75 rad/s.
2.9.3. Gel strength
Elastic modulus (G′) is an indirect measure of the gel strength. The
elastic modulus (G′) recorded during in situ gelation process, as described above, was considered.
2.10. In vitro release of ziconotide from the gels
In vitro release studies were carried out using vertical Franz diffusion
cells (Logan Instruments Ltd., NJ). A spectra pore membrane with a cut
of molecular weight 5 kD, was used to carry out the release studies. The
donor and receiver compartments were ﬁlled with 0.1 mL of the drug
polymeric solution and 5 mL of KRB respectively. The temperature of
the chamber was regulated at 34 ± 1 °C by water circulation. The receiver compartment buffer was sampled at different time points and the
amount of ziconotide was measured by HPLC and gamma counter.
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polymeric solutions, allowed to equilibrate at 34 ± 1 °C. Samples were
collected from the receiver compartment at regular intervals of time
and were estimated for ziconotide using HPLC and Gamma counter.
2.12. Extraction of ziconotide from plasma
Blank plasma obtained from untreated rats was spiked with known
concentrations of ziconotide and the calibration curve was plotted using
the analytical method as mentioned in Section 2.3.
The rat plasma samples containing ziconotide were extracted initially by vortexing 100 μL of plasma with 0.9 mL of acid acetone
(acetone:water:HCl; 40:6:1). Proteins were then removed by centrifugation at 4 °C for 15 min. The supernatant was injected into the HPLC
for separation of free label 125I and intact 125I-ziconotide. Gamma counter was used to estimate the intact 125I-ziconotide [29].
2.13. Pharmacokinetic studies
Pharmacokinetic studies were performed in Sprague–Dawley rats
(male, 250–300 g; Harlan Company, Indianapolis, IN, USA). The rats
were categorized into six main groups (n = 6). Each main group (I–
III) was subdivided into seven sub-groups for seven time points with
each sub-group having 6 rats. Whereas, the groups IV–VI, were
subdivided into nine sub-groups corresponding to nine time points.
The rats were anesthetized using ketamine (80 mg/kg) and xylazine
(10 mg/kg) (i.p injection).
Ziconotide (100 μg/kg) solution without chitosan, with chitosan,
Ziconotide KP 407 without chitosan (ZKP) and Ziconotide KP 407 with
chitosan (ZKP-0.25 Ch) was administered via intranasal route (i.e. administration of drug directly into the posterior segment of the nose
using a microsyringe connected with a soft polymer capillary) to rats
in groups III–VI respectively. Whereas, rats were administered with
ziconotide (100 μg/kg) by i.v. route in group II.
Intrathecally catheterized rats (Group I) were obtained from Charles
River (Charles River, Wilmington MA). Ziconotide solution (100 μg/kg)
was administered to carry out the pharmacokinetic studies of ziconotide
in CSF and plasma following intrathecal administration.
In groups I–III the time course of drug in the CSF and plasma was investigated by collecting CSF from cisterna magna and blood from retro
orbital sinus at 15, 30, 60, 120, 180, 240 and 360 min.
Whereas in groups IV–VI the time course of drug in CSF was obtained at 15, 30, 60, 120, 180, 240, 360, 540 and 720 min. Blood samples in
groups IV–VI were collected at time points similar to groups I–III. Plasma was collected from blood samples by centrifuging at 1500 rpm for
15 min and ziconotide was extracted as mentioned in Section 2.12.
Both blood and CSF collected from each group at respective time points
were analyzed using HPLC and gamma counter.
2.14. Aspiration of CSF
The rats were anesthetized using ketamine/xylazine and secured on
a stereotaxic frame (Harvard Instruments, Holliston, MA, USA). An incision was made on the skin over the occipital bone and the ﬁrst layer of
the muscle was cut using a scalpel blade. A capillary tube was molded to
a pointed edge on one end, whereas the other end with circular tip was
connected to a 1 mL syringe with the aid of polyethylene tubing and was
used for a cisternal puncture. Following i.v., intranasal or intrathecal
administration of ziconotide formulations (25 μg in 100 μL) the CSF
samples were collected at speciﬁed time intervals as mentioned in
Section 2.13 and quantiﬁed using HPLC and gamma counter.
2.15. Data analysis

2.11. In vitro permeation of ziconotide from gels
In vitro permeation studies were carried out as discussed in
Section 2.6. The donor compartments were replaced with 0.1 mL of

The statistical analysis was carried out using GraphPad Prism 5 software. The t-test was selected as the test of signiﬁcance, and p b 0.05 was
considered statistically signiﬁcant.
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3. Results and discussion
3.1. Quantitation of ziconotide

Fig. 1. Chromatogram representing 125I and 125I ziconotide.

The lowest concentration of neat unlabeled ziconotide that was detected by HPLC with the aid of UV detector at 212 nm was 10 μg/mL at
a retention time of ~ 24.79 min. Ziconotide when radiolabeled with
125
I and quantitated using gamma counter the limit of detection was
1.24 × 10− 3 ng/mL. To quantitate the amount of ziconotide, the free
125
I was separated from each biological sample using HPLC. The chromatogram representing the separation of free 125I and 125I bound to
ziconotide is represented in Fig. 1. Mass spectral analysis was carried
out for the fractions collected from 2 to 4 min using a Matrix-assisted
laser desorption/ionization technique (MALDISYNAPT MS/HDMS). According to the mass spectra, peak of free Iodine was found at
126.87 m/z, which resembles the theoretical m/z value of Iodine value
obtained from the Mass Lynx software and conﬁrms the separation of
the free Iodine (Fig. 2).

2.16. Pharmacokinetic data analysis
3.2. Stability of ziconotide in olfactory tissue homogenates and CSF
The area under the CSF concentration–time curve (AUC) from the
start of drug administration to the time of the last quantiﬁable concentration in CSF (AUC0–t) was calculated by using the trapezoidal rule. The
slope and elimination rate constant (Ke) were calculated from the concentration–time curve on a semi logarithmic scale. The pharmacokinetic
parameters between the groups were compared by t-test at a level of
signiﬁcance of p value b 0.05.

A large pool of enzymes is known to be present in the olfactory mucosa. These enzymes act as a protective agents and prevent accidental
entry of toxins via nose to brain pathway [30]. The nasal mucosal surface
has a variety of proteolytic enzymes which could result in degradation
of peptide and protein drugs. Therefore, the stability of ziconotide in
the homogenate of the mucosal tissue was investigated for a period of

Fig. 2. Negative mode ESI–MS spectra of free Iodine acquired on a Waters synapt HDMS.
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6 h. Ziconotide was found to be stable for a period of 4 h and there was
no signiﬁcant loss of drug observed.
CSF is a product obtained from the ﬁltrate of plasma and membrane
secretions. It is a clear, colorless ﬂuid with a composition of various ions,
proteins, enzymes and other substances [31]. However, the ziconotide
was found to be stable without any signiﬁcant degradation in freshly
spiked rat CSF which is attributable to unique structure of this peptide.
3.3. Kinetics of ziconotide in CSF — intrathecal and intravenous route of
administration
Ziconotide was administered into the lumbar region of the spinal
cord via intrathecal route. A concentration of 992.2 ± 76.43 ng/mL
was attained within a period of 15 min following intrathecal administration. The elimination rate constant of ziconotide in CSF was found
to be 1.01 ± 0.34 h−1. As mentioned earlier, the drug remained stable
without signiﬁcant degradation for 6 h in freshly aspirated rat CSF at
37 °C. CSF is a dynamic system that generally has a high turnover rate.
Generally, the clearance of drugs from the CSF is predominantly due
to its high turnover rate. Some of the other drugs used in the treatment
of pain management were also reported to have a short elimination
half-life predominantly due to the rapid turnover of CSF. Hansdottir
et al. [32] reported that sufentanil when administered intrathecally in
humans has a short half-life of 0.6 h and a low mean residence time of
0.9 h in CSF. Similarly, morphine was also found to have shorter halflife of ~1.2 h in CSF when administered intrathecally [33,34]. Therefore,
it is reasonable to speculate that the high ﬂuid turnover rate of CSF
(125 mL/h in rats) is the likely reason for rapid disappearance of
ziconotide as well from the CSF.
When administered via intravenous route, the Cmax and Tmax of
ziconotide in CSF were found to be 37.78 ± 6.8 ng/mL and ~2 h respectively. The AUC0–6 of ziconotide in CSF following i.v. administration was
4.98 ± 0.97 min·μg/mL (100 μg/kg dose). The poor bioavailability of
drug in CSF following intravenous administration is likely because of
the poor ability of ziconotide to cross the blood–CSF barrier which is
an interface formed by the epithelial cells of the choroid plexus [35,
36]. From the CSF concentration–time proﬁle data following intravenous administration of drug shown in Fig. 3, it appears that blood–CSF
barrier strongly limits the bioavailability of ziconotide into the CSF.

Fig. 4. In vitro permeation of ziconotide across the bovine olfactory mucosa in presence of
control (♦), 0.1% chitosan (■), 0.25% chitosan (▲) and 0.5% chitosan (●).

following 4 h was found to be 0.65 ± 0.05 μg/cm2. Earlier studies
have shown that chitosan acts as a permeation enhancer for both
small (Cefotaxime) and macromolecules (NGF and BDNF) across the
olfactory mucosa. Chitosan used in concentrations of 0.1, 0.25 and
0.5% w/v enhanced the permeation of ziconotide across bovine olfactory
mucosa by ~5, 12 and 14 fold at the end of 4 h respectively, over control
(Fig. 4).
Generally, with increase in concentration of the polymer, the viscosity increases reducing the diffusion coefﬁcient and thus the permeation
across mucosal membrane. In this case, it appears that the concentration dependent effect of chitosan on the membrane is predominant
over the inﬂuence of viscosity. However, 0.25% w/v solution was used
in vivo to investigate the pharmacokinetics of ziconotide following intranasal administration to minimize the potential discomfort to the animal due to interruption of respiratory pathway at higher polymer
concentration.
3.5. Pharmacokinetics of ziconotide in CSF following administration of intranasal solution

In vitro permeation studies were carried out across the olfactory
mucosa using Franz diffusion cells. The amount of ziconotide permeated
across the olfactory mucosa from neat ziconotide solution (Control)

The Cmax of ziconotide in the CSF following intranasal administration
of ziconotide with chitosan was 7 fold higher than control (neat
ziconotide) (33.55 ± 7.39 ng/mL) (Fig. 5). But the amount of ziconotide
in CSF following i.v. administration (37.78 ± 6.8 ng/mL) was comparable to that of intranasal control group.
The difference in Cmax attained following intranasal administration
of neat ziconotide and ziconotide with chitosan is likely due to the

Fig. 3. Pharmacokinetics of ziconotide in the CSF following intrathecal (●) and
intravenous (▲) administration.

Fig. 5. Pharmacokinetic proﬁle of ziconotide in CSF following intranasal administration of
ziconotide with chitosan (■), without chitosan (♦) and intravenous (▲) administration of
ziconotide.

3.4. In vitro permeation across the olfactory mucosa
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Table 1
PK parameters of ziconotide in CSF following intranasal and intravenous administration.
CSF

Intranasal
ziconotide

Intranasal ziconotide with
chitosan

Intravenous
ziconotide

AUC0–6 (min·μg/mL)
Cmax (ng/mL)
Tmax (min)
KE (h−1)

1.57 ± 0.44
33.55 ± 7.39
15
0.54 ± 0.08

10.73 ± 2.92
244.34 ± 48.6
15
0.69 ± 0.17

4.98 ± 0.98
37.78 ± 6.8
120
0.43 ± 0.10

Table 2
Gelation temperature, storage modulus and complex viscosity of 18, 20 and 22% KP 407.
Poloxamer
concentration
(%w/w)

Gelation
temperature
(°C)

Storage modulus
(Pa) @ 34 °C

Complex viscosity
(Pa·s) @ 34 °C

18% KP 407
20% KP 407
22% KP 407
20% KP 407–0.25% chitosan

31
28
22
34

5311 ± 25
9366 ± 61
14,654 ± 110
7578 ± 94

1153 ± 41
1976 ± 74
3085 ± 94
1605.46 ± 38

ability of chitosan to open the tight junctions present in the olfactory epithelia. In addition, chitosan also acts as a mucoadhesive agent and
would retain the drug for a longer period of time compared to the
control.
In case of the group administered by ziconotide with chitosan, the
bioavailability (AUC0–6) of ziconotide in CSF following intranasal administration was ~ 2 fold greater than the bioavailability (AUC0–6) following i.v. administration (4.98 ± 0.98 min·μg/mL). Whereas, the
bioavailability of neat ziconotide following intranasal administration
(1.57 ± 0.44 min·μg/mL) was ~3 fold less compared to bioavailability
(AUC0–6) following i.v. administration (Table 1).
The time required to attain maximum concentration (Tmax) in CSF
was less upon intranasal administration (15 min) compared to i.v. administration (120 min). Similar observations have been reported in
case of cephalexin. Sakane et al. [19] suggested that following intranasal
administration of cephalexin, the drug CSF levels were higher in 15 min
than at 30 min. It was reported that the rapid absorption of drug was attributed to the rapid distribution of the drug into the cervical lymph
node via the perineural spaces of the olfactory neurons [19].

From Fig. 5 it is evident that the drug delivered via intranasal route in
presence of chitosan attained a concentration of 244.34 ± 48.6 ng/mL
(92 nM) in 15 min. The objective is to achieve this order of drug levels
in the CSF in humans. Although we cannot extrapolate the rodent
data to humans as there exists signiﬁcant anatomical differences
in the nose to brain pathway between the human and rats, the pharmacokinetic data in rats serve as proof of concept to escalate to the next
step in humans.
The production or turnover rate of CSF is about 125 μL/h in rats [37].
This might contribute to considerable level of elimination of drug from
the CSF. The elimination rate of ziconotide in CSF following intranasal
and intravenous administration is 0.6 ± 0.17 h−1 and 0.42 ±
0.10 h− 1 respectively. Although, the onset of action via intranasal
route is rapid, the elimination of ziconotide from CSF is also considerably high because of its high turnover rate as discussed earlier in
Section 3.3 [8].
3.6. Rheological evaluation of ziconotide gels
The gelation of KP 407 occurs as a result of change in polymer
desolvation and subsequent micellization. As the temperature was increased, the negative coefﬁcient of the solubility effects micellization,
expels the water from the core of micelles, leads to conformational
changes in methyl group (PPO) orientation and results in gel formation
[38–41]. Chen et al. reported that KP 407 in concentrations that forms
gel at physiological temperature, possess higher viscosity than normal
nasal ﬂuid, fast phase switching capability and withstand the antidilution effect [24]. Preliminary studies revealed that a minimum of 18%
w/w KP 407 is required to obtain a gel at a temperature lower than
37 °C. As the concentration of the KP 407 increases, the gelation temperature decreases. The temperature of the nasal cavity is ~ 34 °C and a
polymeric solution that forms gel close to the nasal temperature
would be ideal for controlled release drug delivery applications. Further
studies were carried out to determine a poloxamer concentration that
gels in the range of 25 °C to 37 °C. The gelation temperatures of 18, 20
and 22% KP 407 were found to be ~ 31, 28 and 22 °C, respectively
(Table 2 and Fig. 6).
The complex viscosity of 18, 20 and 22% KP 407 at 34 °C was found to
be 1153 ± 41, 1976 ± 74 and 3085 ± 94 Pa·s, respectively.

Fig. 6. Determination of gelation temperature, storage and loss modulus of 18% (■,□), 20% (●,○) and 22% (▲,Δ) KP 407. Filled symbols represent storage modulus and empty symbols
represent loss modulus.
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Gel strength is an indirect measurement of storage modulus (G′).
The gel strength of 18, 20 and 22% KP 407 at an angular frequency of
0.5 Hz and 34 °C were found to be 5311 ± 25, 9366 ± 61 and
14,654 ± 110 Pa respectively (Fig. 6). The gel strength increased with
increase in the concentration of KP 407.
KP 407 with 20% w/w was considered for further studies as it has the
gelation temperature close to the physiological temperature, considerable gel strength and a viscosity higher than nasal mucosa.
3.7. Effect of chitosan on gelation temperature, gel strength and viscosity
The effect of chitosan on gelation temperature, gel strength and viscosity were also examined. Chitosan when incorporated in a concentration of 0.25% w/v in the KP407 polymeric solution, shifted the gelation
temperature of 20% KP 407 from 30 °C to 34 °C. Addition of chitosan hinders gel formation and as a result gelation temperature increases to a
higher temperature [42]. A similar change in temperature on addition
of chitosan was also reported by Zaki et al. [43]. In addition to increase
in gelation temperature, the gel strength and the complex viscosity of
the gel decreased due to incorporation of chitosan (Table 2). Although
the viscosity of the formulation was lower than that observed for formulation without chitosan, it was still higher than the nasal mucosal
viscosity which ranges between 0.02–500 Pa·s of 0.01–100 1/s [44,45].

Fig. 8. Pharmacokinetic proﬁle of ziconotide in plasma following intranasal administration
of ziconotide KP 407 without chitosan (Χ), with chitosan (+), ziconotide solution with
chitosan (■) without chitosan (♦), i.v. (▲) and intrathecal (●) administration of
ziconotide solution.

The elimination rate of ziconotide in CSF following intranasal gel was
reduced by ~7.5 fold compared to the elimination rate attained by intranasal solution (0.6 ± 0.17 h−1) as observed in sustained release dosage
forms (Fig. 7). It appears that the mucoadhesive formulation approach
using in situ gel forming polymer is an excellent approach to retain
drug in CSF longer by replenishing the CSF.

3.8. In vitro release and permeation studies of ziconotide gels
3.10. Pharmacokinetics of ziconotide in plasma
The percentage of ziconotide released from ZKP and ZKP-0.25Ch in
6 h was found to be 85.01 ± 0.86 and 69.22 ± 1.04, respectively.
Chitosan used in concentration of 0.25% w/v enhanced the permeation of ziconotide across the bovine olfactory mucosa by ~ 5 fold at
the end of 6 h compared to ziconotide alone (1.06 ± 0.09 μg/cm2).
Therefore, ZKP and ZKP-0.25Ch were used to carry out the in vivo
studies following intranasal administration.
3.9. Intranasal ziconotide gels
The Cmax of ziconotide in the CSF following intranasal administration
of ZKP-0.25Ch was ~ 2 fold higher than ZKP (24.92 ± 2.91 ng/mL).
Whereas, the amount of ziconotide in CSF following intranasal administration of ziconotide solution with chitosan was ~ 5 fold higher than
ZKP-0.25Ch (50.21 ± 3.48 ng/mL) (Fig. 7). The difference in Cmax
attained following administration of solution and gel formulation
could be attributed to enhanced viscosity of gel formulation compared
to solution.

The AUC0–6 levels in the plasma following intrathecal administration
of ziconotide solution, intranasal administration of ziconotide solution
with and without chitosan were 53.15 ± 8.25 μg·min/mL, 54.84 ±
5.11 μg·min/mL and 27.88 ± 9.18 μg·min/mL, respectively. These levels
were almost ~ 5–10 fold less compared to that of i.v. administration
(275.07 ± 23.44 μg·min/mL) (Fig. 8). This data suggests that low systemic bioavailability following intranasal administration is likely to result in less systemic side effects compared to parenteral administration.
The AUC0–6 levels of ziconotide in plasma following intranasal
administration of ZKP-0.25C and ZKP was found to be 37.89 ±
4.86 μg·min/mL and 31.77 ± 3.22 μg·min/mL (Fig. 8). These levels are
almost 7 and 8 fold less compared to that of i.v. administration
(275.07 ± 23.44 μg·min/mL).
This data suggests that low systemic bioavailability following intranasal administration is likely to result in less systemic side effects compared to parenteral administration.
4. Conclusion

Fig. 7. Pharmacokinetic proﬁle of ziconotide in CSF following intranasal administration of
ziconotide KP 407 without chitosan (▲), with chitosan (♦) and ziconotide solution with
chitosan (■).

These results indicate that intranasal route could be utilized as one of
the potential routes for delivery of ziconotide to the CSF compared to intrathecal and intravenous route. Ziconotide solution when administered
via intranasal route attained a faster Tmax compared to intravenous administration. Co-administration of ziconotide solution with chitosan via
intranasal route enhanced the Cmax in CSF by ~5 folds when compared
to its control, but had a faster elimination rate from CSF irrespective of
the formulation.
Ziconotide when delivered using poloxamer as a vehicle not only attains therapeutic concentration rapidly but also prolonged the release of
ziconotide and maintained therapeutic levels in CSF till 9 h compared to
solution. Prolonged maintenance of ziconotide would potentially reduce the frequency of administration. The elimination rate of ziconotide
from CSF was reduced by ~7.5 fold using gel formulations compared to
intranasal solutions. Despite reducing the rate of elimination, intranasal
route is also preferred over i.v. and intrathecal route because of its
noninvasiveness, opportunity for frequent administration, and potentially minimal side effects. The intranasal administration of ziconotide
was also found to result in relatively low systemic bioavailability.
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These results suggest that intranasal delivery of ziconotide could be
developed as a potential treatment approach for chronic pain.
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ABSTRACT
Ruthenium (II) complexes of the type [Ru(S)2(K)]2+, where S=1,10-phenanthroline and K=2-NO2-phenyl thiosemicarbazone (Compound
R1) and 2-OH-phenyl thiosemicarbazone (Compound R2) were evaluated for broad antiviral activity testing against a variety of viruses
including Varicella Zoster Virus, Herpes Simplex Virus-1&2, Vaccinia Virus and Cytomegalovirus. Cytotoxic evaluation of these
compounds were investigated against human embryonic lung cells (HEL), human epithelial cells (HeLa), African green monkey kidney
cells (Vero cells), Crandell-Rees feline kidney cells (CRFK) and Madin Darby canine kidney cells (MDCK) using MTS assay. Among
the compounds tested, R1 showed inhibitory activity against cytomegalovirus (EC50: 7.3-11 µM), while R2 was found to show modest
antiviral activity with EC50 values of 27 and 69 µM for feline corona virus and feline herpes virus, respectively. The ruthenium
compound R1 showed more cytotoxic activity against HeLa (MCC: 4µM) and MDCK (CC50: 4.9 µM) cell lines than against HEL, Vero
and CRFK cells (CC50 values of ≥ 100 µM). These results suggest that the test Ru(II) compounds might be the potential antiviral agents
with good cytostatic potentiality to various cell cultures.
Keywords: Ruthenium, Thiosemicarbazone, Antiviral, Cytotoxicity, MTS assay.

1. INTRODUCTION
Viruses are the smallest infectious agents, consisting
essentially of nucleic acid (either DNA or RNA) enclosed in a
protein coat or capsid. They are obligate intracellular parasites and
thus depend upon the host cell for their replication. Viral
infections are very common and responsible for a variety of
diseases ranging from the common cold to rabies and AIDS. In
contrast to the enormous number of anti-bacterial drugs, much
lesser effective antiviral drugs are available. One of the most
important reasons for the lack of success in developing antiviral
drugs is due to the nature of the viruses, which totally depend
upon the host cell for their multiplication and survival.
Accordingly many compounds that may cause the death of viruses
are also very likely to injure the host cells that harbour them.
Although several compounds have potent antiviral activity both in
vitro and in vivo at present only a limited number of synthetic
compounds and α-interferon have been approved by the FDA for
antiviral therapy in humans [1].
However, none of these drugs are without toxicities and
hence there is a demand for new antiviral agents, which needs all
possible approaches towards the development of new antiviral
drugs for the therapy of viral infections for which at present no
clinically useful drugs or vaccines are available. Research on
drugs based on ruthenium complexes is a fast developing field in
medicine, especially in the development of chemotherapeutic
agents with minimal side effects and immunity to acquisition of
drug resistance [2].

One particular group of Schiff bases as chelating agents
that have been investigated over the past decade are the
thiosemicarbazones (TSCs). TSCs are potent inhibitors of the
enzyme ribonucleotide reductase and are capable of impairing the
DNA synthesis and repair [3]. Thiosemicarbazone derivatives
have a great importance in chemistry and biology due to their
antiprotozoal [4], antibacterial [5], antiviral [6], antifungal [7] and
antineoplastic [8] activities. The more electrophilic ruthenium
complexes are always less toxic than their corresponding ligands
[9]. It has been observed that the presence of certain bulky groups
at position N4 of the thiosemicarbazone moiety greatly enhances
the activity [10]. The synthesis of ruthenium complexes with
thiosemicarbazone ligands has been receiving considerable
attention due to the pharmacological properties of both complexes
and ligands [11]. The thiosemicarbazone ligands usually
coordinate to ruthenium through oxygen, nitrogen and sulfur
donor atoms in their (N, S) bidentate form [12].
Many of the biological properties have been attributed to
ruthenium complexes including anticancer activity [13-18],
antinociceptive [19, 20], antioxidant [21, 22], antitubercular [23],
antimalarial [24, 25] and antimicrobial activities [26, 27].
Ruthenium-based anticancer chemotherapies are making
significant advances in clinical trials. For example, the two
ruthenium (III) compounds namely, imidazolium [transtetrachloro [1H-imidazole) (S-dimethylsulfoxide) ruthenate (III)]
(NAMI-A) [28] and indazolium [trans-tetrachlorobis (1HPage | 1491
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indazole) ruthenate (III)] (KP1019 or FFC14A) [29] as
antimetastatic drugs have successfully completed Phase 1 clinical
trials and are scheduled to enter Phase 2 trials in the near future.
The two ruthenium complexes of the type
thiosemicarbazones (TSCs) with the general formula
[Ru(S)2(K)]2+, where S=1,10-phenanthroline and K=2-NO2-phenyl

thiosemicarbazone (ptsz) and 2-OH-ptsz, have been studied for in
vitro antiviral activity against various viruses including varicella
zoster virus (VZV), herpes simplex virus-1 and-2 (HSV-1&2),
vaccinia virus and cytomegalovirus (CMV) and cytotoxic activity
against HEL, HeLa, Vero Cells, CRFK and MDCK cell lines
using the MTT assay.

2. EXPERIMENTAL SECTION
The ruthenium complexes R1 & R2 were prepared using the
synthetic strategy described in Schemes 1-2. The synthesis began
by preparation of ptsz ligands 2]. The next step was performed by
commercially available ruthenium trichloride with 1,10phenanthrolene. The final ruthenium complexes were synthesized
by treating [Ru(S)2Cl2] with phenyl thiosemicarbazone ligands to
provide the corresponded ruthenium complexes Ru (1,10phenanthroline)2 (2-nitro phenyl thiosemicarbazone) Cl2
(Compound R1) and Ru (1,10-phenanthroline)2 (2-hydroxy phenyl
thiosemicarbazone) Cl2 (Compound R2).

Scheme 1. Synthesis of Nitrogen & Sulphur bearing ligands. (34)
Step 1:

Step 2:
2+
S

N
N
N Ru N
Cl
Cl

cis-[Ru(S) 2Cl2]

Reflux in Alcohol
S
Ligand R-ptsz, N 2 atm

S
S
N N
N Ru N
N S

Cl2

K
R , R2
1

Scheme 2. Synthesis of Ruthenium Complexes (R1&R2), where S= 1, 10
phenanthroline, K=2-NO2-ptsz/2-OH-ptsz, R1=Ru (1,10-phenanthroline)2
(2-nitro phenyl thiosemicarbazone) Cl2, R2=Ru (1,10-phenanthroline)2 (2hydroxy phenyl thiosemicarbazone) Cl2

2.1. Chemistry.
2.1.1. Preparation of Complexes.
The solvents of AR grade were obtained from S.D Fine
Chem., Mumbai, and E. Merck, Mumbai. The reagents (puriss
grade) were obtained from Fluka and E. Merck.

Hydrated ruthenium trichloride was purchased from Loba
Chemie, Mumbai, and used as received. UV-visible spectra were
on a Jasco spectrophotometer. FTIR spectra were recorded in KBr
powder on a Jasco V410 FTIR spectrometer by the diffuse
reflectance technique. 1H-NMR spectra were measured in CDCl3
and DMSO-d6 on a Bruker Ultraspec 500 MHz/AMX 400
MHz/300 MHz spectrometer. FAB mass spectra were recorded on
a JEOL JMS600 spectrum with mNBA matrix.
2.1.2. Preparation of substituted phenyl thiosemicarbazones
(R-ptsz) 3] (Scheme-1).
A mixture of substituted benzaldehyde (1 mmol) and
thiosemicarbazide (1 mmol) in 100 mL of ethanol was refluxed for
3hrs and left Cytotoxicity, MTS assay, overnight. The solid was
filtered, dried and purified by recrystallization from alcohol.
2-NO2-phenyl thiosemicarbazone (2-NO2-ptsz):
Yield 84%, M.P. 256-258ºC (lit.,256ºC). IR (KBr) cm-1:
3417-3380 (NH2& N-H), 3136 (C-H), 2901 (C-H), 1370 (C=S).
Calcd. for C8H8O2N4S: C, 42.85; H, 3.57; N, 25.00. Found C,
42.69; H, 3.52; N, 24.94%.λmax nm (MeOH): 230, 307, 375. 1HNMR (DMSO-d6): δ= 10.36 (1H, s), 9.02 (1H, s), 8.04 (2H, d),
7.83 (2H, d), 7.24 (2H, d, J= 8.6 Hz).
2-OH-phenyl thiosemicarbazone (2-OH-ptsz):
Yield 56%, M.P. 234-235ºC (lit.,235ºC). IR (KBr) cm-1:
3500-3200 (O-H), 3469-3320 (NH2 & N-H), 3133 (C-H), 1610 (NH), 1328 (C=S). Calcd. for C8H9N3OS: C, 49.21; H, 4.64; N,
21.52. Found C, 49.20; H, 4.62; N, 21.28%.λmax nm (MeOH):
242, 321, 398. 1H-NMR (DMSO-d6): δ= 12.6 (1H, s), 11.24 (1H,
s), 8.07 (1H, s), 7.99 (1H, s), 7.89 (1H, s, -OH), 7.73 (2H, d, J=8.6
Hz), 6.95 (2H, d, J=8.6 Hz).
2.1.3. Preparation of cis-[bis(S)dichlororuthenium(II)] cis[Ru(S)2Cl2] 4] (Step-1).
RuCl3.H2O, 1g (2.5 mmol) and Ligand S (5 mmol) were
refluxed in 50 mL DMF for 3hrs under nitrogen atmosphere. The
reddish brown solution slowly turned purple and the product
precipitated in the reaction mixture. The solution was cooled
overnight at 0oC. A fine microcrystalline mass was filtered off.
The residue was repeatedly washed with 30% LiCl solution and
finally recrystallized. The product was dried and stored in a
vacuum desiccator over P2O5 for further use (Yield 75%).
2.1.4. Preparation of [Ru(S)2(K)Cl2] (Where S=1,10phenanthroline; K=2-NO2-ptsz, 2-OH-ptsz) (Step-2).
To the black microcrystalline cis-[bis(S)dichloroRu(II)]
cis-[Ru(S)2Cl2] (2 mmol) excess of ligand (2-NO2-ptsz, 2-OHptsz) (2.5 mmol) was added and refluxed in ethanol under nitrogen
atmosphere. The initial colored solution slowly changed to

Page | 1492

Synthesis and biological evaluation of novel mononuclear Ru(II) compounds as potential antiviral and cytotoxic agents
brownish orange at the end of the reaction, which was verified by
TLC on silica plates. Then the excess of ethanol was distilled off
and this solution was added onto silica gel (60-120 mesh). The
product was purified by column chromatography by using silica
gel as stationary phase and chloroform-methanol as mobile phase.
Compound R1 [Ru(phen)2(2-NO2-ptsz)Cl2]:
Yield 44%, black crystals, IR (KBr) cm-1: 3417-3380
(NH2&N-H), 3136 (C-H) 2958 (C-H), 1370 (C=S). Calcd. for
C32H24Cl2N8O2Ru1S1: C, 50.79; H, 3.17; N, 14.81. Found C,
50.65; H, 3.15; N, 14.73%.1H-NMR (DMSO-d6): δ ppm: 12.49
(1H, s), 9.04 (1H, s), 8.58 (3H, t), 8.36 (d, J=4.9 Hz, 2H), 8.26 (d,
J=8.4 Hz, 2H), 8.06 (3H, t), 8.01 (d, J=5.0 Hz, 2H), 7.96 (3H, m),
7.74 (3H, t), 7.62 (d, 2H, NH2 ), 6.23 (2H, d). FAB-MS (m-NBA):
756 [Ru(phen)2 (2-NO2-ptsz)]2+(Cl2)-; 685 [Ru(phen)2 (2-NO2ptsz)]2+; 505 [Ru(phen) (2-NO2-ptsz)]2+; 462 [Ru(phen)2]
Compound R2 [Ru(phen)2(2-OH-ptsz)Cl2]:
Yield 46%, black crystals, IR (KBr) cm-1: 3510-3200 (OH), 3402-3329 (NH2&N-H), 3036 (C-H), 1611 (N-H), 1328
(C=S). Calcd. for C32H25Cl2N7ORu1S1: C, 52.81; H, 3.43; N,
13.48. Found C, 52.26; H, 3.39; N, 13.32%.1H-NMR (DMSO-d6):
δ ppm: 10.02 (d, J=5.1 Hz, 1H), 9.03 (1H, s), 8.91 (d, J=4.9 Hz,
1H), 8.84 (t, J=8.6 Hz, 2H), 8.63 (d, J=8.4 Hz, 1H), 8.49 (d, J=8.4
Hz, 1H), 8.34-8.20 (6H, m), 8.15-8.08 (2H, m), 7.91 (d, J=5.0 Hz,
1H), 7.81-7.75 (2H, m), 7.68-7.64 (s, 1H, O-H), 7.49-7.45 (1H,
m), 6.91 (s, 2H, br, NH2), 6.73 (d, J=14.6 Hz, 2H), 6.13 (1H, s).
FAB-MS (m-NBA): 727 [Ru(phen)2 (2-OH-ptsz)]2+(Cl2); 656

[Ru(phen)2 (2-OH-ptsz)]2+; 475 [Ru(phen) (2-OH-ptsz)]2+; 462
[Ru(phen)2].
2.2. Biological Activities.
Ruthenium compounds (R1&R2) were evaluated for their
antiviral and cytostatic activity in HEL, HeLa, Vero, CRFK and
MDCK cells according to well-established procedures 5].
2.2.1. Antiviral assay.
Different cell types were seeded at a density of 5x10³ cells
per well in 96-well cell culture plates in suitable medium.
Following 24 hrs incubation at 37°C and 5% CO2, medium was
removed and 5-fold serial dilutions of the test ruthenium
compounds were added in a total volume of 100 μL, after which
the virus inoculum was added to each well. This inoculum resulted
in a greater than 90% destruction of the cell monolayer after 3-5
days of incubation at 37°C depending on the nature of the virus.
The cytopathicity was determined microscopically or in the
presence of a MTS solution that was added to each well.
Following two hours of incubation at 37°C, the optical density of
each well was then read at 498 nm in a microplate reader to
measure the reduction of the MTS dye by cellular dehydrogenases
(20 µL MTS for 3hrs at 37ºC) into a water soluble colored
formazan product. The 50% effective concentration (EC50) was
defined as the concentration of compound of which 50% cell
viability was protected from the virus-induced cytopathic effect
(CPE). The results are shown in Tables 2-4.

Table 2. Antiviral activity of ruthenium compounds against CMV, VZV, HSV, VV and VSV in HEL cell cultures.
Effective concentration EC50 (µM)a
HEL cell cultures
Compounds

CMV
AD-169
Davis

VZV
TK+VZV
TK-VZV

HSV-1
(KOS)

HSV-2
(G)

HSV-1
KOS ACVr(TK-)

Vaccinia
virus

Vesicular
stomatitis

R1

11

7.3

>20

>20

>20

>20

>20

>20

>20

R2

>20

>100

>20

>100

>100

>100

>100

>100

>100

Ganciclovir

7.9

7.9

-

-

0.02

0.01

4

>100

>100

Cidofovir

0.95

1.3

-

-

2

1

0.9

22

>250

Acyclovir
Brivudin

-

>250
4

>250
>250

2.1
143
0.4
0.2
22
0.019
104
0.04
112
50
a
Effective concentration required to reduce virus-induced cytopathicity by 50%.
CMV: Cytomegalovirus, VZV: Varicella-Zoster virus, HSV: Herpes simplex virus
Table 3. Antiviral activity of ruthenium compounds in HeLa and Vero cell cultures.
Effective concentration EC50 (µM)a
HeLa cell culture

Compounds

R1
R2
DS-5000
(S)-DHPA
Ribavirin

Vesicular
stomatitis
virus
>0.8
>20
1
>250
4

Verocell culture

Respiratory
ParaSindbis
syncytial
influenza-3
Reovirus-1
virus
virus
virus
>0.8
>0.8
>20
>20
>20
>20
>20
>20
>20
>20
>100
0.8
>100
>100
>100
>250
>250
>250
>250
>250
112
4
85
146
>250
a
Effective concentration required to reduce virus-induced cytopathicity by 50%.
Coxsackie
virus B4

Coxsackie
virus B4

Punta
Toro virus

>20
>20
>100
>250
250

>20
>20
>100
>250
25

Page | 1493

Shyam Sunder Anchuri, Kiran Gangarapu, Sreekanth Thota, Subhas S. Karki, Erik De Clercq, Graciela Andrei,
Robert Snoeck, Jan Balzarini
Table 4. Antiviral activity of ruthenium compounds against feline corona and feline herpes virus, and influenza viruses.
Effective concentration EC50 (µM)a
CRFK cell culture

MDCK cell culture
Influenza A virus (H1N1
subtype)

Influenza A virus (H3N2
subtype)

>100
69

Visual
CPE score
>4
>100

>4
>100

Visual
CPE score
>4
>100

4.2

11

-

-

1.6

1.2

-

-

Ganciclovir

>100

1.4

-

-

-

-

-

-

Ribavirin

-

-

2

3.1

2

2.2

0.8

2.7

Amantadine

-

-

5

3.2

0.9

0.8

>200

>200

Rimantadine

-

-

>200

>200

0.4

0.6

>200

>200

Compounds

Feline
Corona
Virus

Feline
Herpes
Virus

R1
R2

>100
27

HHA
UDA

MTS

2.2.2. Cytotoxic assay.
MDCK cells were seeded at a density of 5x103 cells per
well of a 96-well plate in suitable media. Twenty four hours later,
serial dilutions of the test ruthenium compounds were added. Cells
were allowed to proliferate for 3 days at 37°C, after which the cell

Influenza B virus

>4
>100

Visual
CPE score
>4
>100

-

-

-

-

-

-

-

-

MTS

MTS
>4
>100

number was determined by means of the MTS method. The 50%
cytostatic concentration (CC50) was defined as the compound
concentration that inhibited the proliferation of exponentially
growing cells by 50%. Results are shown in Table1.

Table 1. Cytotoxicity of Ruthenium compounds.
MCC(µM)a

CC (µM)b

Compounds
HEL

HeLa

Vero

CRFK

MDCK

R1

100

4

100

>100

4.9

R2

≥100

100

100

>100

>100

Ganciclovir

>350

-

-

>100

-

Cidofovir

>300

-

-

-

-

Brivudin

>300

-

-

-

-

DS-5000

-

>100

>100

-

-

(S)-DHPA

-

>250

>250

-

-

Ribavirin

-

>250

>250

-

-

HHA

-

-

-

>100

-

UDA

-

-

-

26.5

-

Amantadine
>200
Oseltamivircarb
>100
oxylate
a
Minimum cytotoxic concentration (MCC) that causes a microscopically detectable alteration of cell morphology.
b
Cytostatic concentration (CC) required to reduce cell growth by 50%.
HEL: Human Embryonic Lung cells, HeLa: Human epithelial cervix carcinoma cells,
Vero: African green monkey kidney cells, CRFK: Crandell-Rees Feline Kidney cells,
MDCK: Madin Darby Canine Kidney cells

3. RESULTS SECTION
The compounds of the newly synthesized ruthenium
complexes were confirmed by UV, FT-IR, 1H NMR, Mass
spectroscopy and C, H, N analysis. In the UV spectra all the
ruthenium complexes showed broad and intense visible bands
between 340 and 510 nm due to metal to ligand charge transfer
transition (MLCT). In the UV region the bands at 280 and 310 nm
were assigned to 1,10-phenanthroline ligand –*charge transfer
transitions. The IR spectras contained the absorption bands

revealing the existence of the NH2, C=N, C=S gps. The 1H-NMR
spectra of the complex, [Ru(phen)2(2-NO2-ptsz]Cl2 showed 24
resonance peaks ( 10.03-6.13). The mass spectra of the Complex
R1 gave the anticipated molecular ion peak and main
fragmentation peaks, which were in accordance with the title
complexes.
Both antiviral activity and cytotoxicity were determined by
means of microscopical reading or the MTS method. For each
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compound, the 50% effective concentration (EC50) and the
minimum cytotoxic concentration (MCC) or the 50% cytostatic
concentration (CC50) were determined. Among the tested
ruthenium compounds, R1 afforded more cytotoxic activity against
HeLa (MCC of 4µM) and MDCK (CC50 of 4.9µM) cell lines than
against HEL, Vero and CRFK cells, whereas compound R2 was
found to show less toxicity to the above cells even at
concentrations up to 100 µM.
The compounds were also tested for in vitro antiviral
activity against CMV, VZV, (HSV-1and -2), influenza virus (A
and B), feline corona virus and feline herpes virus, vesicular
stomatitis, vaccinia virus, Coxsackie virus B4, respiratory
syncytial virus, reovirus-1, Sindbis virus and Punta Toro virus in
different cell cultures. From the obtained results it was found that
the compound R1 afforded antiviral activity against both CMV

strains in HEL cell cultures (EC50: 2.3-11 µM). In these assays, the
anti-CMV activity of the established cidofovir (EC50: 0.95-1.3
µM) and ganciclovir (EC50: 7.9 µM) was also determined. Thus,
the R1 compound was about equally active against CMV as
ganciclovir. The other viruses were not affected (minimal antiviral
effective concentration 5-fold lower than the minimal cytotoxic
concentration) by the R1 and R2 compounds, except compound R2
that was also found to show a modest antiviral activity against
feline corona and feline herpes virus with EC50 values of 27 and 69
µM, respectively. It should, however, be noticed that compound
R1 is more cytotoxic than ganciclovir and cidofovir, but may be
the rational basis for further exploration of novel related
derivatives. The results suggest that the test Ru(II) compounds
might be the potential antiviral agents with moderate cytostatic
potentiality to various cell cultures.

4. CONCLUSIONS
The present study involves the synthesis of two Ruthenium
complexes by reaction with RuCl3 with thiosemicarbazones. The
complexes were purified by column chromatography and
characterized by FT-IR, NMR and Mass spectra. The complexes
were screened for antiviral activity against various stains of DNA

and RNA viruses and exhibited moderate antiviral activity and
compared with reference compounds. Among the two complexes,
R1 could be a potential antiviral agent with good cytostatic
potentiality to various cell cultures.
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RELATIVE BIOAVAILABILITY STUDY OF SUCCINIC ACID COCRYSTAL
TABLET AND MARKETED CONVENTIONAL IMMEDIATE RELEASE
TABLET FORMULATION OF CARBAMAZEPINE 200 MG IN RABBITS
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Abstract: A single-dose study was performed to observe the bioequivalence of the newly formulated carbamazepine-succinic cocrystal (CBZ-SUC) immediate release tablet (F1) with marketed immediate release formulation EpitolÆ 200 mg tablet (F0). In this study on albino rabbits, the plasma levels resulting from 250 mg
cocrystal equivalent to 200 mg of carbamazepine and conventional tablets 200 mg immediate release tablets
were compared. An open-label, randomized 2 ◊ 2 crossover study design, with a 1-week washout period, was
used. Carbamazapine (CBZ) plasma concentrations were determined by a high-performance liquid chromatography validated method using ultraviolet detection. CBZ plasma levels were measured at predose and various
postdose time points up to 72 h and the following pharmacokinetic parameters were used for evaluation: area
under the curve (AUC), maximum plasma drug concentration (Cmax), time to achieve Cmax (tmax), and elimination rate constant (Ke). By applying paired t-test to AUC0-72 (calculated by linear trapezoidal rule), the experimental formulation F1 was found to have statistically significant (***p < 0.05) improvement in bioavailability
of CBZ. However, these statistical differences do not have practical implications and the two formulations (F0
and F1) were found to be bioequivalent as the relative bioavailability of both formulations (106.9%) falls within the acceptable FDA set range of two bioequivalent products 80-125%.
Keywords: carbamazapine, cocrystal, bioequivalence

Carbamazepine (CBZ) (5H-dibenz[b,f]azepine-5-carboxamide) has been routinely used clinically in the treatment of trigeminal neuralgia and
epilepsy since 1965. When CBZ is given in solution
in ethanol or propylene glycol or in aqueous suspension, its absorption is rapid from GI tract with peak
plasma levels of 1-7 h (1-3). However, absorption of
drug from commercially available tablets formulations seems to be sluggish, as the peak plasma level
varies from 6 to 24 h (4, 5). This is probably due to
poor aqueous solubility of CBZ, which may be
reflected in differences in the rates of dissolution
and absorption of the drug from different tablet formulations. Not surprisingly, its oral bioavailability
depends on dissolution (6), which is affected by the
crystalline form used in the dosage form (7). The
extremely low solubility is also responsible for the
incomplete, slow and erratic gastrointestinal absorption (8). Owing to its narrow therapeutic index as
well as relatively high variation in drug plasma concentration (9), a uniform distribution of CBZ in the
solid dosage form and reproducible dissolution rate

are essential for achieving the desired therapeutic
effect without high risk of toxicity.
In recent years, pharmaceutical cocrystals have
emerged as a potential strategy to boost the solubility concerns of weakly soluble drugs (10). CBZ is a
BCS class II drug, thus shows dissolution limited
bioavailability, and thus cocrystals with a number of
soluble coformers have been reported and extensively studied in order to improve the CBZ solubility. About 40 different coformers have been accounted in the literature that formed cocrystals with CBZ
(11). Hickey and co-workers studied the in vivo performance of carbamazepine-saccharine (CBZ-SAC)
cocrystal in comparison to brand product TegretolÆ.
The cocrystal in powder form was found to be bioequivalent as it gave similar oral bioavailability in
four dogs to that of marketed immediate release (IR)
product (11). Jung et al. also observed similar results
with indomethacin-saccharine (IND-SAC) cocrystal, outcomes of the study revealed that the bioavailability of cocrystal was above pure indomethacine
powder but was found to be equivalent to that of the
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IND immediate release commercial formulation IndomeeÆ (12). Similarly, in our recent study on
bioavailability of CBZ powder, carbamazepine-succinic (CBZ-SUC) cocrystal powder filled in ë0í
sized capsule shells, the bioavailability of CBZSUC cocrystal powder was almost double to that of
CBZ powder and was equivalent to marketed product EpitolÆ tablets 200 mg in four healthy rabbits n
= 4 (12).
The widespread approach for in vivo evaluation of cocrystals is centred on deliberately excluding additional formulations so as to compare the
ìneatî aqueous cocrystal suspension or filling
ëëneatíí cocrystal into capsule shells of suitable
sizes. But, studies on cocrystals conducted with the
intention of using this solid in a proper drug product
are odd. This work aims to use this solid form in
tablet dosage form and compare its performance
with marketed formulation of CBZ in order to facilitate and ease the use of this solid form as a podium
in dosage form design. Tablet formulation development is usually time and resource intensive. We
were encouraged by recent study on mefloquine
(MFL) where significant improvement in the dissolution rate was observed in cocrystals tablets over
pure MFL tablets (13). In this work, we used intrinsic dissolution rate (IDR) as a material-sparing tool
to guide appropriate polymer for an efficient tablet
formulation development of an inherently unstable
cocrystal, and compared its in vivo performance to
the marketed immediate release tablet formulation
of carbamazepine i.e., EpitolÆ tablets 200 mg.
EXPERIMENTAL
Materials
Kollidon VAÆ 64 (Lot No. 46581856Po) was
purchased from BASF SE, Germany. Carbamazepine (Lot No. SLBB3655V) was received from
Sigma Aldrich, USA. Croscarmellose sodium (Lot
TN08819630) and Avicel PH-102Æ (Lot No.
XN06817380) were obtained from FMC Biopolymer, USA. Lactose monohydrate, spray dried (Lot
No. 8508091061) was purchased from Foremost
Farms, USA. Magnesium stearate (Lot No. J03970)
was procured form Mallinkrodt, USA.
Formulations
Slurry crystallization and liquid assisted grinding methods were used for cocrystal synthesis,
phase purity of cocrystal were confirmed by solid
state characterization techniques powder x-ray crystallography (PXRD), Raman spectroscopy, FTIR,
and thermogravimetric analysis (TGA). Final tablet

formulation contained 5 : 1 cocrystal to polymer
(KollidonÆ VA/64) ratio and was finalized based on
IDR and in vitro studies of prototype formulations in
comparison to EpitolÆ tablets 200 mg in physiologically relevant 900 mL of modified simulated intestinal fluid (SIF containing 0.2% sodium lauryl sulfate) (12).
In vivo evaluation
Ethical approval
For in vivo studies, the protocols used were
approved by Research Ethical Committee (Ref. No.
PHM-0023/E.C/M-4), Department of Pharmacy,
COMSATS Institute of Information and Technology, Abbottabad. These studies were conducted in
agreement with Helsinki declaration and Animal
Scientific Procedure Act (1986 UK).
Design of the study
This study was an open-label, single-dose, randomized, 2-period, 2-sequence, crossover design
under fasting conditions.
Subjects and treatments
Albino rabbits (n = 4 for each treatment) aged
between 1.5 to 2.5 years, having body mass indices
1.8-2 kg, were isolated for two weeks before initiation of the experiment. During the experimental
period, the animals were maintained on fresh green
fodder thrice a day and water was provided ad libitum. All animals were kept under the same experimental conditions with natural day and night cycle.
After an overnight fasting period, these subjects
were given single oral doses of the 2 treatments: F1
and F0 (eq. to 200 mg of CBZ). The treatments were
taken apart by one-week washout periods.
Blood samples were collected in heparinized
test tubes by jugular vein puncture prior to and after
administration of the drug at predetermined time
point i.e., 0, 1, 2, 3, 4, 6, 8, 10, 12, 24, 48 and 72 h.
The collected samples were centrifuged at 3500 rpm
for 5 min, 200 µL of serum was collected in
Eppendorf tube and stored at -20OC for further studies. The extraction of drug was carried out with acetonitrile (1 : 1), vortexed for 90 s and centrifuged at
12000 rpm for 10 min and were analyzed by HPLC
(14).
Analysis of drug in plasma samples
For chromatographic separation, Phenomenex
LunaÆ 5 µm (particle size) C18 having pore size 100
Å, LC column (250 ◊ 4.6 mm) was used.
Separations of drug in plasma samples were carried
out by slight adjustment of already reported method
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(11). Mobile phase used was methanol : water (50 :
50, v/v). The temperature of the column oven was
maintained at 50OC and flow rate was kept at 1
mL/min. For HPLC analysis, 25 µL of aliquot was
injected into the column. Drug concentrations were
detected at 285 nm. Under the prescribed chromatographic conditions CBZ eluted at 12.5 min (15).
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Statistical analyses
Non-compartment model was utilized for
analysis of serum drug concentration versus time
data. KineticaÆ was used for the calculation of various pharmacokinetic parameters, i.e., AUC, Cmax, tmax
and Ke. Normal log of AUC and Cmax was taken for
determination of relative bioavailability. Moreover,

Figure 1. In vivo performance of marketed product F0 and experimental formulation F1

Figure 2. AUC0-72 of commercial product F0 and experimental formulation F1 in rabbits, n = 4. Bioavailability of F0 and F1 are significantly different at equal doses of 200 mg/animal. All values are expressed as the mean ± SEM, applying paired ëtí test (two tailed) ***p ≤ 0.05
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significance of difference was demonstrated by
using SPSS version 19.0. Paired ëtí test with p <
0.05 was applied.
RESULTS AND DISCUSSION
All solid state characterization techniques
(PXRD) and thermal technique (TGA) authenticated
the formation of carbamazepine-succinic acid CBZSUC cocrystal in accordance with all reported reference data. The solubility of this soluble cocrystal
has been reported to be 4.5 times higher than carbamazepine dihydrate (CBZDH) at 25OC at pH 3 (1518). Recently, the solubility behavior of CBZ-SUC
cocrystal in four different buffers at 37OC i.e., simulated intestinal fluid (SIF), simulated gastric fluid
(SGF), phosphate buffer pH 1.2 and pH 6.8 phosphate buffer for 24 h have been examined, and CBZSUC cocrystal demonstrated higher aqueous solubility in all the four buffers studied than the stable
CBZ dihydrate form (13). Solid state analysis of
solid residue confirmed CBZ dihydrate formation in
three buffers while the cocrystal maintained its
integrity in SGF only and gave maximum concentration of CBZ than all other buffers. Similarly, in
our recent study on solution stability of CBZ-SUC
cocrystal with and without added polymers, the
cocrystal converted immediately to the stable carbamazepine dihydrate form immediately as confirmed
by in situ Raman spectroscopy and off line PXRD
and FTIR techniques (12). Childs et al., have also
reported similar results (1). Regardless of aforesaid
solubility advantages presented by CBZ-SUC
cocrystal, no study has been reported in literature
that describes concrete formulation approach, that
thermodynamically stabilizes the cocrystal to translate in vitro higher aqueous solubility of this cocrystal system, when used in a suitable medical application. Therefore, we opted for this soluble cocrystal
system, and devised suitable tablet formulation with
proper crystallization inhibition/solubility enhancing polymer KollidonÆ VA/64 (5 : 1 cocrystal : polymer ratio with added excipients) and studied its

bioequivalence study to carbamazepine tablets in
rabbits.
Plasma concentration-time curves of EpitolÆ
tablets and experimental formulation F1 after oral
administration at equal doses of 200 mg of CBZ/rabbit (250 mg of CBZ-SUC is equivalent to 200 mg of
CBZ) are demonstrated in Figure 1, and pharmacokinetic (PK) parameters are shown in Table 1.
Comparison of PK parameters of F1 with F0 tablets
demonstrated that values of AUC0-72 and Cmax of F1
were higher than marketed formulation F0. AUC0-72
of F0 and F1 were found to be 58 ± 2 µg.h/mL and
64.18 ± 1.9 µg.h/mL, while Cmax values were in the
order of 4.9 ± 0.35 µg/mL and 5.3 ± 0.3 µg/mL,
respectively. Similarly, Tmax of F1 reduced from 5.3 ±
0.31 of F0 tablets to 3.9 ± 0.43. By applying paired
ëtí test (two tailed), the means of the four pairs of
bioavailability of F1 and F2 were found to be significantly different statistically (***p < 0.05) as shown
in Figure 2. This increase in AUC0-72 of F1 formulation is due to the stability of cocrystal caused by
polymer in the formulation due to hydrogen bonding
between the polymer and cocrystal (data not shown
here), and as cocrystal is more soluble than the
CBZDH, thus, resulted in statistically significant
improvement in bioavailability. We attribute the
improved drug release from the experimental tablets
formulation F1 to the higher dissolution rate, which
leads to improved in vivo performance of CBZ than
F0. These findings were promising since cocrystal
given as pure powder filled in capsule shells did not
yield the required results and formulation with crystallization inhibitor polymer improved in vivo performance of cocrystal. More studies are needed to
explore the functions of excipients on phase transition of cocrystals in order to maximize the benefits
offered by cocrystals. The relative bioavailability
calculated for F1 with the marketed product F0 was
found to be 106.9%. Thus, the main end point was
bioequivalence, as bioequivalence is believed to be
established if 90% confidence intervals (CIs) for
AUC and Cmax (ln-transformed ratios) fall within the
80-125% range (17-20).

Table 1 Pharmacokinetic parameters of F0 and F1 in albino rabbits, obtained after single oral administration of
single dose (200 mg of CBZ/animal, n = 4).

Formulation

AUC0-72 (µg.h/mL)

Cmax (µg/mL)

Tmax (h)

Ke (/h)

F0 (tablet)

58 ± 2.00

4.9 ± 0.35

5.3 ± 0.31

0.04

F1 (tablet)

64.18 ± 1.9

5.3 ± 0.3

3.9 ± 0.43

0.05

AUC0ñ72 = area under the plasma concentration vs. time curve from time 0 extrapolated to 72 h; Cmax = maximum plasma concentration; Ke = elimination rate constant; Tmax = time to reach Cmax
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CONCLUSION
There is a dire need for using cocrystals as an
alternative solid form in pre-formulation studies;
however, the selection of a cocrystal strategy at the
pre-clinical formulation stage over other available
formulation techniques for improving bioavailability has been relatively rare. Cocrystal tablet formulation F1 was bioequivalent to the marketed immediate
formulation F0 under fasting conditions. Formulation of soluble cocrystal with crystallization
inhibitor polymer improved in vivo performance of
cocrystal. These findings are encouraging, to use
more soluble cocrystal of otherwise unstable cocrystal system in tablet formulations without phase transition to stable polymorph or parent drug by judicious selection of appropriate polymers.
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Abstract
Background: Approximately two-thirds of stroke survivors
have sequel of neurological impairments. Although all
sequels have direct impact on the performance of activities of daily living, motor deficits of the lower limbs have
the most important impact on an individual’s functioning. The objective was to study the effect of proprioceptive
neuromuscular facilitation (PNF) technique on lower limb
performance in subjects with subacute stroke.
Methods: Thirteen participants with subacute strokes
were recruited. Participants were treated with PNF rhythmic stabilization technique. All participants received
10 days of intervention. Treatment sessions consisted of
PNF rhythmic stabilization exercises for knee that utilizes
alternating isometric contractions of agonist and antagonist against resistance. Lower limb performances were
measured with Modified Emory Functional Ambulation
Profile, Five Time Sit To Stand Test and Postural Assessment Scale For Stroke.
Results: Lower limb performances were improved after
10 days of intervention as compared to baseline assessment in all the outcome measures.
Conclusions: This study suggests that the rhythmic stabilization technique is an effective method to improve lower
limb function that can be used as an adjunct with other
therapies.
Keywords: Modified Emory Functional Ambulation
profile; PNF with rhythmic stabilization techniques;
Postural Assessment Scale For Stroke.
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Introduction
Despite progress made in health care systems, stroke
remains the third most common cause of death worldwide after cancer and coronary artery diseases [1]. Even
though the important outcome after illness is survival,
the range of factor that lies between death and complete
recovery is functional status [2]. Approximately two-thirds
of stroke survivors have sequels of neurological impairments, mainly motor cognitive and perceptual impairments. The initial 1–6 months is defined as the subacute
phase of stroke. Although all sequels have a direct impact
on the performance of activities of daily living, motor deficits of the lower limbs have the most important impact
on individuals functioning [3–5]. Lower limb impairment
is associated with increased falls, sit to stand ability and
restricted mobility [6]. The significant predictor of mobility after stroke is knee muscle strength [7]. Studies have
suggested that knee muscle strength and bulk decreases
significantly after stroke [8], which has a direct impact
on the gait speed [9], gait performance [10], functional
performance [11] and sit to stand transfer ability of stroke
survivors [12]. This transfer ability has impacts on many
areas including frequency of falls, ambulation, functional capacity and burden of care, but there is a lacunae
of research work that measures the efficacy of the proprioceptive neuromuscular facilitation (PNF) exercise
program on functional performance [11].
While stroke is an important cause of functional limitation, there is no generally accepted method for rehabilitating stroke survivors [8]. There is a lack of compelling
evidence to suggest if any of the existing neurorehabilitative
approaches have superior efficacy for promoting recovery
of motor function. [13, 14]. Even though different therapeutic approaches are developed that are based upon a neurodevelopmental approach, neurophysiological approach,
orthopaedic approach, motor learning and motor control to
enhance the function [15], PNF is one approach commonly
used to improve functional performances [16].
PNF is a method of promoting or hastening the
response based on untapped existing potential of all
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human beings, the focus of which is on mobilizing patient
reserve potential by intensive training like active participation, motor learning and self training [17]. Various PNF
procedures have been used in stroke rehabilitation to
improve gait, balance and sit to stand performances [18].
To date, there is paucity of studies on the effectiveness of
rhythmic stabilisation exercises for knee muscle stabilization and functional performance in stroke patients.
Rhythmic stablisation technique has shown significant
improvement in strength, endurance, flexibility, stability, balance and functional performance [17, 18]. There
remains a gap in the literature, and studies are needed to
elucidate the efficacy of PNF exercise programs on functional performance of the lower limbs in stroke patients.
So the objective of this study was to determine the effect of
PNF technique (rhythmic stablization) on lower limb performance in subjects with subacute strokes. We hypothesized that rhythmic stabilization for theknee muscle may
improve the functional performance of the lower limbs in
stroke patients.

Total participants screened = 24

Excluded = 4
2-MMSE<24

Total participants enrolled = 20

2-Concomitant OA knee
Denied to participate = 4

Total participants recruited = 16

3 = Started with ayurvedic treatment
1 = got discharged
Lost at follow up = 3

Total participants completed the study = 13

Data were analyzed and the result obtained

2 = Irregular for the
session
1 = Discontinued (need
to travel too far)

Figure 1: Flow diagram of the study.

criteria). The examination began with the higher mental function
examination by MMSE followed by voluntary control by Brunstrom’s
method; which were the inclusion criteria of the study.

Measurement of function

Methods
Ethical clearance was obtained from the Institutional Ethical Committee. Written informed consent was obtained from all the participants. Twenty-four participants with subacute strokes were screened
from two tertiary care hospitals and two old age homes for the inclusion and exclusion criteria. Six months following stroke is defined as
the subacute phase of stroke. Inclusion criteria: 1) single unilateral
stroke < 6 months; 2) grade 2 and higher of Brunnstrom’s voluntary
control of affected lower extremity; 3) patient should be ambulatory
before the current episode of the stroke; 4) able to understand instruction; and 5) MMSE score > 24. Exclusion criteria: 1) severe cardiopulmonary disease; 2) orthopaedic or arthritic condition interfering with
walking; and 3) behavioral problems that interfere with the treatment.
Sixteen participants were recruited as a sample of convenience in this
study, and 13 participants completed the study (Figure 1).

Design
A single group pre- and post-test exeperimental design was
employed. Subjects participated for 10 days in the intervention program. After baseline assessment they were reassessed on completion
of the intervention program.

Clinical evaluation procedure
Prior to baseline assessment of outcome measures, all participants
underwent a standardized history-taking and physical examination.
History included the demographic variables (age, gender, duration
of stroke and past history) relevant to the inclusion and exclusion

For all the participants, functional locomotor activities of the lower
limbs were measured by a Modified Emory Functional Ambulation
Profile (mEFAP), Balance was measured using the Postural Assessment
Scale For Stroke patient (PASS) and Sit To Stand Test performance (STS)
was measured by a five-time Sit To Stand performance test. The functional performance was assessed prior to commencement of treatment
sessions and on the last day of the treatment session.
PASS consists of 12 items that are scored on a 4-point scale (0–3),
where 3 indicates that the participant can perform the given activities. It has good construct validity and has high correlation with FIMS
(r = 50.73) and lower-limb motricity scores (r = 50.78), with an instrumental measure of postural stabilization (r = 50.48) and high internal
consistency (Cronbach a-coefficient 50.95) and interrater and testretest reliabilities (average k = 50.88 and 0.72) [19]. mEFAP is used to
measure gait-related functional activities. It measures the time used
in walking over different surfaces, obstacles and also records the use
of assistive devices. It has good convergent and predictive validity
and excellent test retest reliability with an intraclass correlation coefficient of 0.997 [20].
In five-times STS performance test time, the time taken to complete five times from sitting to standing from the chair was measured.
It has high intrarater reliability with an intraclass correlation coefficient (ICC) (range, 0.970–0.976), interrater reliability (ICC = 0.999),
test-retest reliability (ICC range, 0.989–0.999) and also is significantly
associated with knee flexor strength (ρ = −0.753 to −0.830; p < 0.00556)
in subjects with stroke [21].

Intervention
Following baseline assessment for outcome variables, all participants received 10 days of intervention. Treatment session consisted
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of PNF Rhythmic stabilization exercises for the knee, which utilize
alternating isometric contractions of agonist and antagonist against
resistance [17]. Subjects were in a supine lying position with the knee
joint maintained in flexion at an angle of 30, 60 and 90 degrees,
respectively. The examiner placed his hands above and below the
subject’s knee joint and manually applied the resistance in a rhythmic fashion to the distal and proximal parts of the thigh and lower
leg. Resistance was increased slowly, first for knee extension and
when the participants strongly resist, the therapist changes the hand
to resist knee flexion with simultaneous verbal command. Participants were encouraged to maintain a given position against manual
resistance without any movement and relaxation between changes in
antagonist muscle contraction. As evidence suggests, it can be done
in the cardinal plane, hence sagital plane knee movements were
used [22]. At 30°, the force value yields nearer to full knee extension.
At 60°, there is an optimal length tension relationship [23]. At 90°,
exercising in the lengthened position for the quadriceps femoris
muscles produced increased torque across all angles measured [24].
Ten repetitions of three sets at different angles of knee flexion (30, 60,
90) were given. Verbal command and maximal resistance to voluntary movements was utilized throughout the sessions. Subjects were
given conventional physiotherapy for upper limb and trunk except
the lower limb.

Statistical analysis
A series of analyses were conducted by the statistician, who was
blinded about the study. The significance level was set at p < 0.05. A
paired t-test was utilized to assess the difference between the preand post-treatment session of different outcomes. The three outcomes were also compared in relation to gender, BMI and side of
involvement.

Results
A total of 13 participants completed the study, of which six
were male and seven were female. Demographic data were
analyzed (Table 1). All the outcomes showed significant
improvement in function. The participants took 23.6 s to
Table 1: Demographic characteristics of participants.
Demographic details
Age (year)
Height (meter)
Weight (kg)
BMI
Right side involvement
Male
Female
Left side involvement
Male
Female

Mean±SD
54.2±9.7
1.57±0.6
58.6±12.1
23.8±4.3
8
4
4
5
2
3
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complete the five times Sit to Stand test before intervention, whereas after 10 days of intervention, they were
able to perform the five times Sit to Stand from the same
height within 17.8 s (Table 2). A significant difference was
seen between the mean balance score in PASS between,
before and after the intervention. In comparison to preintervention scores, a post-intervention score of mEFAP
was significantly lower, indicating improvement in the
gait function. When comparisons were done between the
pre- and post-intervention score of mEFAP, there was a significant difference in each component (Table 3). However,
we did not find statistical significance for each of the outcomes of pre- and post-intervention with gender, BMI and
side of involvement.

Discussion
The present study was conducted to determine the effect
of the rhythmic stabilization technique on functional performance of lower limbs in persons with subacute strokes
that showed significant impairment in function. The rhythmic stabilization technique uses the Sherrington principle
of successive induction, which suggests that after active
voluntary isotonic or isometric contraction of the agonist
muscle, facilitation of antagonistic motion occurs. A
physiological mechanism behind this technique is due to
the autogenic inhibition and reciprocal facilitation action
of the Golgi tendon organs (GTOs) [25]. Autogenic inhibition relaxes the agonist muscle by stimulating force sensitive GTOs. GTOs are stimulated by muscle contraction;
stronger contraction causes stronger GTO stimulation.
With maximal contraction, inhibition of the alpha motor
neurons of the agonist muscle occurs via Ib-inhibitory
interneurons. This is also called the inverse stretch reflex
because it causes the inhibition of the agonist muscles.
The inhibition of agonist promotes the relaxation of contracting muscle, thereby reduction in tone occurs. Bobath
stated that a decrease in muscle strength in patients with
hemiplegia is not due to the weakness but to the opposition of spastic antagonists [26]. The relaxation that occurs
due to the training may induce inhibition of opposition,
hence may contribute to improved function. Reciprocal
facilitation is mediated through the disynaptic Ib facilitatory pathway [27]. Studies have reported that the reciprocal facilitation action mediated through this pathway
occurs with moderate and maximal resistance [28]. In our
study, we used maximal isometric resistance to the knee
extensor first, followed by the flexors of the knee. The
resistance to extensors facilitates the force of contraction
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Table 2: Comparison of pre-test and post-test scores of different outcomes.
Outcome

Time

Mean

SD

Mean diff.

SD diff.

% Change

Paired t-test

p-Value

5STS(s)

Before
After
Before
After
Before
After

23.6
17.8
29.3
34.7
132.5
106.2

7.25
4.9
2.7
1.75
27.4
26.9

5.77

3.81

24.43

5.46

0.0001a

5.38

0.91

18.37

8.6

0.0001a

26.38

9.94

19.91

9.57

0.0001a

PASS
mEFAP(s)
*p < 0.05.

Table 3: Comparison between pre- and post-intervention score of each components of mEFAP.
Component

Time

Mean

SD

Mean diff.

SD diff.

% change

Paired t-test

p-Value

Floor

Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test

17.23
13.54
14.77
11.62
26.54
21.54
38.85
32.00
35.23
27.69

3.94
3.78
4.07
4.03
6.21
4.93
7.77
8.07
8.89
9.50

3.69

1.18

21.43

11.26

0.00001a

3.15

1.34

21.35

8.45

0.00001a

5.00

2.77

18.84

6.51

0.00001a

6.85

2.91

17.62

8.47

0.00001a

7.54

4.07

21.40

6.67

0.00001a

Carpet
Up and go
Obstacle
Stairs
*p < 0.05.

of the flexor muscles. This mechanism could be the reason
for the improvement in sit to stand performance because
it improves strength in knee flexor. Studies have reported
that improvement in sit to stand performance in turn
improves functional balance and gait-related activities
[10, 29].
In this study, we determined improvement in sit to
stand performance and also improvement in the balance
and gait outcomes. Maximal resistance applied during
contraction leads to storage of elastic energy, which
enhances the force production in contracting muscle. As
force production is directly related to motor unit activation. A maximum number of motor units are activated,
resulting in improvement in sit to stand. Use of maximal
resistance improves the ability of muscles to contract and
induces better motor control and motor learning, and
also increases awareness about the movement and the
direction.
The reflex activities of the GTOs and improvement in
function may also be influenced by centrally generated
motor commands due to repeated training, which leads to
learning. Verbal command that was provided during the
training acts as the augmented feedback and also adds to
promote motor learning. This is enhanced with the observation by participants, and use of manual contact. The

improved motor learning is because of the training using
maximal resistance and feedback causes improvement
in motor control, thus improvement in gait and balance
related functional activities.
Improved performance in functional activities in
this study is in accordance with the results from previous studies, which showed significant improvements in
strength, endurance and balance because of rhythmic
stablisation [17–19]. A few studies have also reported no
improvement in muscle strength from rhythmic stablization, which is in contrast to our studies [30, 31]. In this
study, we found significant improvement in the five times
sit to stand test, which signifies there was a significant
improvement in knee muscle strength after the training.
The contradicting studies have used rhythmic stablization
at shortened range, and strengthening of the knee muscle
was not carried out at optimal length. This indicates that
the improvement of lower limb function in the present
study could be attributed to the strengthening of muscle
at different angles of knee flexion, which maintained the
optimal length tension relationship of muscle. Several
studies have suggested that lower extremity strength training can improve the functional performance in individuals with stroke [32, 33]. In the present study, we also found
significant improvement in strength and function because
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of the training. However, another study has reported that
increase in strength did not result in improvements in
walking, which is in contrast to our findings [34]. However,
this study suggests that the gain in strength occurs after
the training in stroke patients, and strength training does
not associate with increases in spasticity. On the basis
that the Bobath concept strengthening of spastic muscle
causes overexertion, which causes overflow and irradiation, thereby reinforces abnormal tone and stereotypical
mass patterns in the affected side in person with hemiplegia which hinder the ability to perform the activity rather
than improving it [26]. In the present study, although tone
after the intervention was not assessed but on assessing
function there was a significant improvement noted in
function.
PNF techniques use similar muscle action as in
diverse exercises. The performance of the task of daily
living requires the use of diverse action of the muscle, thus
studies have reported that PNF is better for improving the
task. Application of rhythmic stabilization exercise in this
study showed improvement in the functional balance and
gait which is similar to results from previous study [35].
The PNF technique used in this study led to improvements in all the components of mEFAP. The weakness of
flexor muscle, synergistic extensor pattern with spastic
extensor and added effect of insufficient hip flexion and
dorsiflexion cause the circumduction of the lower limb
in stroke patients. This is one of the causes of the limitation in gait-related activities. The use of rhythmic stabilization techniques may address these problems. The
relaxation of spastic extensors occur by the autogenic
inhibition action of GTO. Facilitation of knee flexor occurs
through reciprocal facilitation action of GTOs, whereas
use of maximal resistance and feedback improve motor
learning. Hip flexor was resisted during knee extension
and ankle dorsiflexor was facilitated during resisted
knee flexion. The subtask of mEFAP consists of the task
required for overall functional ambulation profile, which
suggests that because of treatment, the ability of the
patient to undertake the activities of daily living (ADL)
activities would have been enhanced. Thus, the improvements in function contribute to improved quality of life
in hemiparetic patients.
The study suggests that PNF does not cause muscle
fiber adaptation, which cannot contribute to increase in
strength. Even though the role of supraspinal adaptation
had been explained in the literature as a reason to gain
in strength, we cannot conclude the exact mechanism
behind improved function after training as no mechanisms were investigated clinically or experimentally in
our study to affirm that [36].
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Limitation and future scope
The exercise programs in our study were short-term. An
important limitation of program is that improvements may
not be permanent. However, our study did not monitor the
long-term effects of the exercise programs. Further studies
are needed to examine the long-term effects of rhythmic
stabilization. Although rhythmic stabilization causes significant improvement in function, comparison of its effect
with other therapeutic approaches should be performed.

Conclusion
This study suggests that rhythmic stabilization is an effective method to improve lower limb function in subacute
stroke patients, which can be used as an adjunct to other
therapy.
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Effect of lower limb closed kinematic chain exercises on
balance in patients with chemotherapy-induced peripheral
neuropathy: a pilot study
Jorida Fernandes and Sanjiv Kumar
Because of the rising prevalence of cancer, many
individuals are living with the side effects of cancer and its
treatment. One of the possible side effects is
chemotherapy-induced peripheral neuropathy (CIPN). The
purpose of the study was to examine the effect of lower
limb closed kinematic chain exercises on balance in
patients with CIPN. The study design was a single group
pre–post experimental one. The study was conducted at a
tertiary care cancer hospital. A total of 25 individuals with
CIPN and aged 30 years and older were recruited using the
Modified Total Neuropathy Score higher than 5. Closed
kinematic chain exercises were administered for a total of
15 sessions over 3 weeks. Patients were assessed at
baseline using the mTNS and Berg Balance Scale and
reassessed after 15 sessions. mTNS score decreased from
13.88 at baseline to 6.5 at the end of intervention, and the

Introduction
According to Kanavos (2006), cancer has become a
chronic disease with increasing incidence rate. The prevalence of cancer is ever-increasing globally, with a predictable 17 million new cases anticipated by 2020.
According to a systematic review conducted by Mols et al.
(2014), the rising prevalence of cancer and cancer treatment has caused many patients to live with its side
effects, having a negative impact on patient’s quality of
life. One of the possible side effects of cancer therapy is
chemotherapy-induced peripheral neuropathy (CIPN).
The incidence (Han and Smith, 2013) of peripheral
neuropathy with Taxane class of drugs is higher compared with other chemotherapeutic drugs. The incidence
with cisplatin is not listed.
The signs and symptoms of CIPN (Perry et al., 2010) are
frequently reported in the form of progressive distal
symmetrically distributed symptoms of numbness, tingling, pins and needles, burning, decreased or altered
sensation, or increased sensitivity that may be painful in
the feet and hands. Weiss (2005) isolated motor weakness
with the total absence of sensory involvement because
CIPN has not been reported. Quasthoff and Hartung
(2002) stated that the severity of this problem may range
from loss of sensory function to neuropathic pain, which
could cause severe ataxia and weakness. This could lead
to pronounced disability.
0342-5282 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Berg Balance Scale increased from 26 at baseline to 42
after intervention, with a P-value of 0.00001. Exercises were
effective in reducing symptoms in neuropathy and
improving balance. International Journal of Rehabilitation
Research 39:368–371 Copyright © 2016 Wolters Kluwer
Health, Inc. All rights reserved.
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Effectiveness has not been proved in many nonpharmacologic interventions (Kanavos, 2006) such as
acupuncture, assistive devices, physical therapy, infrared
light therapy, transcutaneous electrical nerve stimulation,
capsaicin ointment, and spinal cord stimulation in CIPN.
However, some of these interventions are established as
effective in diabetic neuropathy and HIV-induced peripheral neuropathy.
Mousa and Fathi (2005) stated that peripheral neuropathy widely contributes to gait and balance dysfunction,
fear of falling, and falls. Its severity can be quantified by
postural instability, loss of adequate ankle strength, and
diminished proprioceptive thresholds. Closed kinematic
chain (CKC) exercises have shown increased firing of Ia
muscle spindle afferent. Mousa and Fathi (2005) stated
that threshold to motion sense improved after CKC
exercises, leading to improved postural control. The
purpose of the study was to evaluate the effects of CKC
exercises on balance in CIPN.

Materials and methods
This prospective study was conducted on 25 patients (13
female and 12 male) with clinically diagnosed CIPN with
Modified Total Neuropathy Score (mTNS using convenience sampling. Inclusion criteria were as follows: (i)
mTNS score higher than 5 (range 0–20); (ii) brief fatigue
inventory score less than 8; (iii) strength of the ankle
dorsiflexors, evertors, and invertors higher than 2/5 on
DOI: 10.1097/MRR.0000000000000196
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manual muscle testing; and (iv) Berg Balance Score
(BBS) higher than 20 (range 0–40). The exclusion criteria
were as follows: (i) central nervous system dysfunction
(hemiparesis, myelopathy, and cerebellar ataxia); (ii)
amputation of lower limb; (iii) abnormality of range of
motion at the ankle; (iv) cardiac conditions; (v) plantar
skin pressure ulcer; and (vi) having bedridden cancer.

(7) Unipedal balance for time: Three attempts on each
foot were allowed to the patients with eyes open. No
definite time target was set.
Outcome measures

Patients were assessed before the first session and after
the 15th session. The mTNS and the BBS were the
primary outcome measures. Cronbach’s α value of mTNS
(Smith et al., 2010) is 0.8.

Treatment

All participants provided written informed consent before
participating in this study.
The exercises (Moore et al., 2003) were performed daily
on a firm surface for 15 sessions over 3 weeks. Each
exercise lasted for 12 min.
(1) Open chain active ankle range of motion exercises
(including warm up): Patients were instructed to draw
an alphabet in the air with each foot by moving
the ankle.
(2) Bipedal toe raises and heel raises: Patients had to
perform this as quickly as possible, using support if
necessary. Patients started with one set of 10 and
increased by one set every 5 exercise sessions to a
total of three sets.
(3) Bipedal inversion and eversion: This is a set of close
chain exercises in which patients’ center of mass will
shift laterally as they strengthen ankle invertors and
evertors. The target was to do so without using the
upper extremities, but support was used as required.
Patients had to move their toes in and out, starting
with 10 repetitions in each direction and increased to
two sets of 10 repetitions after five exercise sessions.
(4) Unipedal toe raises and heel raises: Patients had to
attempt to perform this quickly. The nonweightbearing limb was lifted, with the knee approximately
bent at 45°. Patients started with five repetitions of
each exercise and increased to 10 repetitions after
five exercises and then to two sets of 10 after 10
exercise sessions.
(5) Unipedal inversion and eversion: Patients had
attempted to perform this set of exercises while
standing on the foot and performing inversion and
eversion to challenge balance and to create a closed
chain exercise of the ankle invertors and evertors. It
was anticipated that most patients would find this
task very challenging, and hence they would use
their hands for balance when needed. Patients started
with one set of five repetitions in each direction and
increased to 10 repetitions after five exercise
sessions.
(6) Wall slides: Patients started with bipedal slides with
knee flexion maximum of about 45°. They executed
three sets of 10 repetitions. After five exercise
sessions, the first set was performed on each foot,
followed by bipedal wall slides.

Statistical analysis

The data of the present study were summarized using
mean ± SD. The paired t-test was used. P values were
considered significant if less than 0.05.

Results
Forty percent of the patients were in stage II of cancer,
52% in stage III, and 8% were in stage IV. The demographic data of the study sample is shown in Table 1.
Results of mTNS score and BBS is listed in Table 2.
There was a significant change in values before and after
CKC (Fig. 1).

Discussion
The study demonstrates that CKC exercises administered 15 times over 3 weeks improve the subjective
perception of severity of CIPN, as well as static and
dynamic balance. The results in terms of mTNS were
statistically highly significant, suggesting that CKC
exercises benefitted the patient in a relatively short
period of time and also the exercises were well tolerated
by the patient.
The clinical manifestation (Sahenk et al., 1994) of CIPN
is predominantly sensory symptoms. In the present
study, all 25 participants had sensory symptoms such as
tingling and pain in the distal lower limbs. After 15 sessions of CKC exercise, patients reported a decrease in
tingling sensation and pain and also better perception of
pin prick and vibration sensibility in the lower limbs.
According to Hilkens and Van Den Bent (1997), there is
evidence to support that exercise also helps individuals
with predominate sensory neuropathy.
The intervention of this study was selected to improve
the torque that is generated around the ankle, as many
electrophysiological studies (Visovsky et al., 2007) in
patients with sensory peripheral neuropathy had
Table 1

Demographic data (result of t-test)
Mean ± SD

Variables
Age
Weight
Height
BMI

Male

Female

Total

P-value

51 ± 15
56 ± 9
164 ± 8
20 ± 2

44 ± 8
53 ± 2
154 ± 5
22 ± 6

47 ± 12
55 ± 15
159 ± 8
21 ± 5

0.1797
0.6606
0.0031*
0.4918

*P < 0.05, paired t-test.
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Results of Modified Total Neuropathy Score and Berg
Balance Scale

Table 2

Mean ± SD
Outcome
measures

Pretest
score

Post-test
score

Change (%)

Paired t

P-value

mTNS
BBS

13 ± 1
26 ± 2

6 ± 0.9
42 ± 2

52
− 57

22
−32

0.00001*
0.00001*

BBS, Berg Balance Scale; mTNS, Modified Total Neuropathy Score.
*Statistically significant.

Fig. 1
18
16
14

The limitations of the present study were that a longterm follow-up could not be assessed. The electrodiagnostic test could be used for precise diagnosis of
CIPN. Nerve conduction studies and objective evaluation of strength were not performed to validate subjectively reported changes in mTNS.
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Post-test
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exercises. The improvement may be attributed to the
increasing challenge of the exercises – from bipedal
stance exercises to unipedal exercises for 15 sessions.
Exercises were initially performed with support, and after
few sessions the patient was asked to perform with
minimal support, progressing to performing exercises
without support. Moreover, improvement in proprioception and strength of the muscles around the ankle joint
must have further enhanced the improvement in balance
and reduction in falls. High scores of mTNS are associated with low scores of BBS. This indicates the following: the higher the scores of mTNS, the greater the
balance is affected, as noted using the BBS, and
vice versa.

30

Conclusion

The present study concludes that CKC exercises are
helpful in treating the symptoms associated with CIPN.
Marked improvement in balance and strength was noted.
Reduction in sensory symptoms was also seen.
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abnormalities in needle electromyography of the tibialis
anterior or medial gastrocnemius, which are the major
muscles for producing force for movement at the ankle
joint. Moreover, studies are available for animal models
(Openshaw et al., 2004) and human models (Tofthagen
et al., 2012), suggesting that there is a preferential amount
of loss in type II motor units in dennervation mainly
distally, which could be the reason for decreased joint
proprioception. The improvement in strength in our
study could be attributed to a neural mechanism, in
which there is possibly improved synchronization of the
motor units. Similar response in strength (Hilkens and
Van Den Bent, 1997) is seen in hereditary motor sensory
neuropathy type I and II and postpolio syndrome, in
which there is a decrease in motor units similar to that of
peripheral neuropathy.
The balance improved significantly in this study, which
was measured using the BBS after 15 sessions of
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ABSTRACT
Introduction: Low back pain is non-specific in 85% of population.
Posterior-to-anterior (PA) mobilization and press-up exercises are
common physical therapy interventions used to treat low back pain.
Aim: The purpose of this study was to investigate the effect of
posterior-to-anterior spinal mobilization and prone press-ups in
non-specific low back pain.
Materials and Methods: The study design was double
blind randomized clinical trial. Forty participants reporting to
Physiotherapy Out-patient department in hospital who were
18-45 years of age and had diagnosis of non-specific low back

pain were included. Primary outcome measures were lumbar
extension range, pain and physical function.
Results: Both interventions resulted in significant reduction in
the average pain scores for both groups. Similarly, gain in total
lumbar extension was significant in both the PA mobilization
group and the press-up group. Functional scores significantly
improved for both the groups. Both the groups significantly
differed in terms of pain, lumbar extension and functional
scores. PA mobilization proved to be a superior intervention.
Conclusion: PA mobilization and press-ups can be used as an
effective intervention in non-specific low back pain.

Keywords: Maitland mobilisation, Mckenzie exercises, Low back

Introduction
Non-specific low back pain is pain not attributed to a recognisable
pathology. Low back pain is non-specific in 85% of population.
Fear of movement and reinjures lead to inactivity and disability [1].
Low back pain is often associated with reduced spinal motion.
Lumbar extension is frequently more restricted than flexion. Pain
and stiffness can result in reduced spinal extension which can
be general or segmental [2]. The conservative treatment of low
back pain includes electrotherapy, exercise therapy and manual
therapy. Manual therapy includes Maitland’s spinal mobilisation,
Mulligan’s Mobilisation with Movement, soft tissue techniques like
Muscle Energy technique, Positional Release therapy, myofascial
release, neuromuscular technique [3]. Spinal mobilization and
range-of-motion exercises improve spinal motion. Manual therapy
techniques are delivered based on the assessment of limitation in
active or passive joint motion [4,5].
Postero-anterior central vertebral pressure can be used to treat
pain which is evenly distributed to both sides of lumbar spine.
This technique is indicated when pain or muscle spasm is felt
on movement in this direction but it is performed in such a way
that pain or spasm is not provoked [5]. Wyke stated that all spinal
mechanical pain is caused by mechanical deformation of soft
tissues containing nociceptors [6].
Robin Mckenzie developed a new concept of diagnosis and
treatment based on systematic analysis of patients with both
acute and chronic back problem [7]. Mckenzie stated that all
spinal mechanical pain can be classified into three syndromes: the
postural, dysfunction and derangement syndrome. In Mckenzie
approach to mechanical disorders, both diagnosis and treatment
are based on the symptom behaviour observed during and after
repeated movement-testing. The postural faults lead to soft tissue
dysfunction being loss of lumbar extension. As a treatment,
stretching procedures to the end available range are ideally
performed in slow repeated fashion. McKenzie and May targeted
general spinal motion in which a press-up exercise is used as a
10

means of increasing spinal motion [8]. Extension exercises are
frequently used to rehabilitate patients with back dysfunction [9].
Increased spinal mobility leads to low back pain improvement.
Hence, spinal mobility exercises can be recommended to low
back patients [10].
The previous study comparing the efficacy of single session of
posterior-to-anterior mobilisation and prone-press ups revealed
immediate effect on symptoms and lumbar motion in people with
nonspecific low back pain. Long term gains in pain reduction and
lumbar extension could not be assumed as only single session of
intervention was studied [11]. Therefore there is lack of evidence
for clinical effectiveness of postero-anterior spinal mobilisation and
prone press-ups on lumbar extension in non-specific low back
pain. Hence this study intend to prove the effect of postero-anterior
mobilisation and prone press ups on non-specific low back pain
after seven sessions and their clinical application.

Materials and Methods
Forty participants with low back ache in the age group of 18-45
years who reported to the Physiotherapy outpatient department
were screened clinically for the evidence of non-specific low back
pain. Participants who reported a recent onset of low back pain
(duration of <3 months) and the following signs and symptoms
were admitted over a period of one year from February 2011
to January 2012; localized low back pain at or above the waist
level, decreased lumbar extension (assessed qualitatively while
standing), and increased localized pain with lumbar extension
during standing.
Exclusion criteria included history of spinal surgery, subjects
administered epidural injection, Low Back Pain because of any
specific pathology, any clinical condition that contraindicates
Mobilization, subjects with neurological deficits, knee and ankle
pathology causing limitation of motion, subjects with psychological
low back pain, subjects with mental disorders, any history of injury
in past 3 months, hyper-mobility and neurological impairments.
Journal of Clinical and Diagnostic Research. 2016 Mar, Vol-10(3): YC10-YC13
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Participants signed consent form approved by institutional
review committee of KLE University. Simple randomisation was
employed using computer generated table of random numbers.
One investigator managed the assignment scheme and provided
the assignment to the treating physiotherapists in a series of
consecutively numbered opaque envelopes. Allocation was
concealed from the outcome assessor and participants at all times
and from the physiotherapist until the point of treatment. Both the
groups received the selected treatment for seven consecutive
days [Table/Fig-1].

amplitude movements (grade I). The pressure should reproduce
the discomfort experienced while bending backward in standing.
If no pain was reproduced with grade 1 of mobilisation then further
higher grades were used (grades II–IV). Once the vertebral level
where discomfort similar to bending backward in standing was
identified, session of mobilisation was initiated. Initially, the most
painful lumbar segment was treated with graded posterior-toanterior oscillations. Three bouts of 40-second oscillations were
applied to this segment at a frequency of 1 to 2 Hz and at the
amplitude tolerated by the patient. Following mobilization of the
most painful segment, 2 bouts of 40-second oscillations (up to
grade IV but short of symptom reproduction) were administered
to each of the remaining lumbar vertebral levels. The total time for
the PA mobilization intervention was approximately 10 minutes [6].
Participants assigned to Prone press-ups were asked to perform a
press-up manoeuvre as far as possible without reproducing lumbar
pain with standing extension. Initially the participants were prone
on a treatment table with pillow under abdomen. The participant
pressed the top half of the body upward into spinal extension,
while the pelvis remained on the treatment table. The participant
was instructed to move to maximum pain-free lumbar extension.
The end-range position was held for 5 seconds. Ten repetitions
were performed. For each repetition, the participant moved slightly
higher, within the limits of discomfort. If the participants could
successfully complete 10 repetitions without increase in discomfort
then a second and third series of press-up manoeuvres were
performed. All participants completed 30 repetitions. Approximate
time taken for the entire session was 10 minutes [8].

[Table/Fig-1]: Flow diagram depicting entire procedure of the study.

Measurements
Outcome measures included pain measured by Visual Analogue
scale which is a 10 cm straight line with numbers 0 to 10 where
0 symbolises no pain and 10 symbolises the worst tolerable pain
[12]. Participants were asked to mark a point on this line as per
the severity of pain which indicates present pain level. Lumbar
extension range measured by modified Schober method. With
the participant in standing position, examiner marks a mark
approximately at fifth lumbar vertebra, then one finger 10cm
above the mark and another 5 cm below the mark [13]. Then the
participant was asked to bend backwards with hands on hips.
The reduction in distance between the two points is measured
by a measuring tape. The function was assessed by Modified
Oswestry Disability Questionnaire. Each item was scored from 0-5.
The maximum score was therefore 50. The obtained score can
be multiplied by 2 to produce a percentage score [14]. Outcome
measures were assessed prior to intervention, immediately after
the first session of intervention and at the end of seven sessions
of intervention.

Statistical Analysis
Paired t-test was used for within group comparisons and unpaired
t-test for between group comparisons, p-value set at less than
0.05. All power calculations were based on an alpha level of 0.05
for a one-tailed test.

Results
Average pain scores were lower after intervention than before
intervention in both the groups. Subjects in the PA mobilization
group reported a post-treatment pain score of 1.6±1.0, which did
differ significantly from the post-treatment pain score of 3.2±1.43
reported by subjects in the press-up group. Average lumbar
extension was greater after intervention than before intervention
across both the groups. On an average subjects in PA group
demonstrated 5.1±0.7 cm of lumbar extension which differed
significantly from post-treatment lumbar extension of 3.2±1.1 as
demonstrated by press-up group. Average disability scores were
lower after intervention than before intervention in both the groups.
Subjects in PA group reported post-treatment score of 5.3±6.1
which differed significantly to post-treatment score of 18.6±7.4 as
reported by press-up group [Table/Fig-2,3].

Intervention
Participants assigned to group A were first put prone on treatment
table with pillow under abdomen. First, the investigator applied PA
pressure to the spinous process of each lumbar vertebra using small
Outcome
Measure
VAS (cm)
MODQ
ROM (cm)

Group A
Pre

p

Post

Post-7day

Group B
Pre

p

post

Post -7 day

6.9±1.4

3.8±1.4

1.6±1.0

<0.05

6.6±1.2

4.6±1.2

3.2±1.43

<0.05

40.7±11.5

27.5±10.7

5.3±6.1

<0.05

38.1±11.1

34.2±10.6

18.6±7.4

<0.05

1.8±0.7

3.8±0.8

5.1±0.7

<0.05

1.6±0.8

2.6±1.1

3.2±1.1

<0.05

[Table/Fig-2]: Intra-group comparison of outcome measures using paired t-test.
Outcome Measure

Group A

Group B

Pre-Post

Pre-Post

VAS (cm)

3.11

2.03

MODQ

13.21

ROM (cm)

2.01

p

Group A

Group B

Pre-Post 7 days

Pre-Post 7 days

p

<0.05

5.91

3.38

<0.05

3.90

<0.05

35.42

19.52

<0.05

0.97

<0.05

3.34

1.60

<0.05

[Table/Fig-3]: Inter-group comparison of outcome measures using unpaired t-test.
Journal of Clinical and Diagnostic Research. 2016 Mar, Vol-10(3): YC10-YC13

11

Shlesha G Shah and Vijay Kage, Effect of Mobilisation and Press-up in low Back Pain

Discussion
The age group of the participants was in range of 18 to 45 years.
Participants above 45 years of age experience low back pain due
to degenerative changes in lumbar spine. Hence participants
above 45 years of age have not been included in the study as the
study involves nonspecific low back pain. In present study age
distribution and anthropometric variables showed no statistical
difference in the groups which represents the homogeneity of
participants.
Sample size of present study consisted of 27 females and 13
males that are 65.5% females and 34.5% males. This concludes
females are more prone than males for developing low back pain
and correlates with findings reported in several other studies
[15]. Significant relief of pain was noted in both groups over
sessions for 7 days. In the present study, pain was measured
by Visual Analogue scale. Oloagan et al., compared reliability of
rating low back pain with Visual Analogue Scale and Semantic
Differential Scale, concluded that Visual Analogue Scale had
superior reliability and validity in rating low back pain [12]. Both
the interventions showed statistically significant improvement in
terms of pain. Posterior-to-anterior spinal mobilisation proved to
be superior in terms of reduction of pain. In the present study
reduction in pain level, as quantified by the Visual Analogue Score
(VAS), with the application of both postero-anterior mobilisation
and prone press-ups is consistent with the findings of previous
studies indicating both the techniques reduced low back pain. On
average total lumbar extension increased by 3.9 cm following PA
mobilisation and 1.6 cm following press-ups. The gain in spinal
motion was higher after seven sessions as compared to single
session. Several studies have proved short term effects of single
session of spinal mobilisation. Moreover, single session of spinal
mobilisation, as seen in previous studies has shown statistically
significant improvement in extension range but not clinically
relevant improvements. Hence, this proves that several sessions
of spinal mobilisation are necessary to produce clinically relevant
results.
Both the interventions have mechanical and neuro-physiological
effect. Passive motion selectively stretches contracted tissues
there by increases motion [16]. Muscle spindle afferents and Golgi
tendon organ afferents are stimulated by spinal manipulation.
Spinal manipulation corrects the altered biomechanics resulting
in sensory modulation. Numerous studies show that spinal
manipulation increases pain tolerance or its threshold. Painful
stimuli will evoke reflex parasympathetic activity. Manipulation has
the ability to remove noxious mechanical or chemical stimuli from
paraspinal tissues and hence modulate central sensory processing.
Spinal manipulation is also thought to affect reflex neural outputs
to both muscle and visceral organs. Literature reveals that spinal
manipulation elicits paraspinal muscle reflexes and increases
motor neuron excitability producing increased recruitment of these
musculature [17]. Moreover, repetitive movements enhance the
distribution of synovial fluid over the articular cartilage and disk,
resulting in less resistance to motion [18]. With the reduction in
resistance, movement becomes smooth leading to reduction in
pain.
Joint mobilisation reduces dorsal horn activation from a painful
stimuli [19]. Several authors have reported elevated pain threshold
levels with passive movements to spine [20,21] or the extremities
[22-24].
Press-ups manoeuvre might have resulted in decreased muscle
guarding leading to increased motion. Mobilisation is known to
cause transient inhibitory effect on alpha motor neurons leading
to reduced muscle guarding [25]. Pain reduction reported in the
present study following PA mobilisation was 78.5% which was
consistent with findings of other studies. Chiradejnant et al.,
reported a 36% reduction in pain following two 1-minute bouts
12
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of spinal mobilization in subjects with nonspecific low back pain
[16]. Goodsell et al., reported an average pain reduction of 33%
following PA mobilisation in subjects with non-specific low back
pain [26]. There was 50% pain reduction following press-ups in the
present study. Above studies failed to report significant increase
in lumbar extension. This is in contrast to the present study in
which mobilisation significantly increased lumbar extension range.
McCollam and Benson, reported a 7.1% increase in lumbar
extension on application of three 1 minute bouts of posteriorto-anterior mobilisation at L3, L4 and L5 [17]. Christopher P,
performed a clinical trial on non-specific low back pain and
compared the effect of single session of postero-anterior spinal
mobilisation and prone press-up. There was significant reduction
in the average pain scores for both groups. Similarly, total lumbar
extension significantly increased in both the PA mobilization group
and the press-up group. However, percentage increase in lumbar
extension was greater in mobilisation group [11].
The UK evidence report on the effectiveness of Manual Therapies
reviewed the literature and concluded that spinal manipulation/
mobilization has moderate quality positive evidence supporting its
utilization in the treatment of acute low back pain and high quality
positive evidence in treatment of chronic low back pain [27]. Fritz
JM reported that Modified Oswestry Disability Questionnaire
showed higher levels of test-retest reliability and responsiveness
as compared to Quebec Back Pain Disability Scale in subjects
with low back pain [14]. In the present study, when the means
of Modified Oswestry Disability Questionnaire (MODQ) were
analysed, statistically significant improvement was found in both
groups and has shown reduced MODQ scores which represent
reduction in pain and an improvement in range of motion and
functional activities. Mobilisation proved to be superior in reducing
functional disability as compared to press ups. Low back pain
presents a serious health care problem and produces a huge
burden on society. Simple, safe, physical treatment procedures
such as posterior-anterior spinal mobilisation and prone pressups combined with other simple non-invasive intervention such as
moist pack could be of great value. This provides a low cost, easy
means of treatment in subjects with non-specific low back pain.

limitations

Several limitations of this study need to be addressed. The
findings of this study cannot be generalised to all low back pain
patients as subjects with only non-specific low back pain were
considered. There is lack of control group in the study so placebo
effect that might have occurred due to any of these interventions
cannot be commented upon. The subjects have not been followed
up to see the long term sustenance of improvement due to both
interventions. These limitations need to be addressed in future
investigations.

Conclusion
Participants in both groups reported significantly less pain with
bending backward in standing. Lumbar extension significantly
improved with both PA mobilization and the press-up exercise.
There were significant differences in pain and lumbar extension
between the two interventions studied. PA mobilisation proved
to be superior in reducing pain and increasing lumbar extension
resulting in improved functional outcome.
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ABSTRACT
The prevalence of GERD in India ranges from 8-20% according to recently conducted studies based on different
case definitions and study methodology. Although GERD is rarely life-threatening, it can severely limit daily
activities and productivity. The principal goal for GERD treatment is relief of symptoms. Hence the aim of this study
was to compare the effect of Shakers Exercise with kinesio taping and medical management over only medical
management of GERD on severity of the disease and functional limitation. 30 participants clinically diagnosed with
GERD were recruited.15 participants were allocated to control group (CMED) where only medical management
was given and other 15 were allocated to intervention group (SKT)where shakers exercise, kinesio taping and
medical management were given. Frequency Scale for the Symptoms of GERD was the outcome measure. Paired
and unpaired t-test was used to test the significance of difference between mean values of two groups (CMED) and
(SKT).Statistically significant improvement was observed in both the groups when compared before and after
intervention. However, the SKT showed to be better than CMED group post intervention. It was concluded that
Shakers exercise and Kinesio Taping should be incorporated along with medical management in the treatment of
patients with GERD on routine basis.
Key words: GERD, Kinesio taping, Shakers exercise, Medical management
_____________________________________________________________________________________________
INTRODUCTION
During normal digestion, food goes down the esophagus through a muscle or valve known as the lower esophageal
sphincter (LES) and into the stomach.The main function of the LES is to serve as a barrier to protect the esophageal
mucosa and more proximal structures from potentially damaging substances in the stomach including gastric acid,
pepsin, and bile salts. [1]Incompetence in some form of the LES is the predominant determinant of GastroEsophageal Reflux disease (GERD). It results from backward flow of the stomach contents into the esophagus and
causes trouble symptoms. [2-4]
Roughly one half of the adult population in industrialized countries has experience of reflux symptoms and 20%30% suffer from disease. The traditional belief is that GERD occurs less frequently in Asia than in Western
countries. However, there is an emerging suggestion that prevalence of GERD may be on the rise in Asia.[5]There is
paucity of data regarding the magnitude of the problem in India. A recent study has shown the prevalence of GERD
to be 16.2% among the employees of a large tertiary hospital in North India. [6]
Causes of gastroesophageal reflux in adults include an increased number of transient lower esophageal sphincter
relaxations, ineffective esophageal mobility, and reduced lower esophageal sphincter tone.[7]Risk factors for
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gastroesophageal reflux disease include obesity. One of the most probable mechanisms is the increase in mechanical
stress imposed on the gastroesophageal junction (GOJ) and the predisposition to hiatus hernia other factors are use
of estrogens, nitrates, anticholinergics, and tobacco products. [8]Symptoms associated with GERD include
heartburn, acid regurgitation, and belching, sore throat and chest pain as well as “extra-oesophageal” manifestations
such as nausea, chronic coughing, asthma and hoarseness. All the symptoms may compromise the health-related
quality of life. [9]
Diagnosis of GERD is done by traditional diagnostic modalities such as barium swallow and endoscopy have a
sensitivity of 10% to 50% and 30% to 50% respectively. [10]Endoscopy is the most widely used method to diagnose
esophagitis and follow up GERD. It is also useful in diagnosis and management of the complications of GERD.
There are several classification systems for grading the endoscopic severity of erosive reflux esophagitis and
associated complications. Currently the most commonly used systems are Los Angeles classification. Grade
description:- A- One(or more) mucosal break no longer than 5mm that does not extend between the tops of 2
mucosal folds, B- One(or more) mucosal break more than 5mm that does not extend between tops of 2 mucosal
folds, C- One(or more) mucosal break that is continuous between the tops of 2 or more mucosal folds but that
involves less than 75% of the circumference, D- One(or more) mucosal break that involves at least 75% of
esophageal circumference. [10]
Symptom-focused questionnaires have an important role in clinical trials of GERD management. A patient’s selfreport on symptom status is now believed to be more reliable than a physician’s assessment. [11] Frequency Scale
for Symptoms of GERD (FSSG) scoring is widely used as it can evaluate not only the acid-reflux related symptoms
but also the dyspeptic symptoms; the FSSG showed a sensitivity of 62%, a specificity of 59% and accuracy of 60%.
The score obtained using the questionnaire correlated well with the extent of endoscopic improvement in patients
with mild or severe GERD. This questionnaire was suggested by the authors as useful for the objective evaluation of
symptoms in GERD patients.[12]
Management of GERD is usually medical approach which includes life-style modifications and drug therapy. As per
the American College of Gastroenterology (ACG) guidelines, acid suppression is the mainstay of therapy for
symptom relief in GERD in both the acute and long-term treatment of the disease. Proton pump inhibitors (PPIs)
remain the mainstay of treatment which provides most rapid symptom relief and heal esophagitis in the highest
proportion of patients. It is recommended for both moderate and severe GERD and its complications. Pooled results
from clinical trials on H2RA demonstrate a 50 to 75% rate of symptom control and mucosal healing. [13] However
it is less effective in patients with moderate to severe erosive disease, with response rates of nearly 80% in grade I to
II esophagitis, but only 30 to 50% in grade III to IV disease. [13-15] A study done on pathophysiology and
pharmacological treatment of GERD reported that an uncomplicated GERD may be treated by medications along
with modification of life style and eating habits in an early stage of GERD. [16]Hence there is a need for allied
health treatment to be added as an adjunct to the medical management. The allied or complementary treatments can
be in the form of exercises, massage, myofascial therapy, taping, chiropractic etc.
Kinesiology taping (KT) was developed by Japanaese Chiropractor Dr.KenzoKasein the 1970's. It is a therapeutic
tool developed with the intention to alleviate pain and improve the healing in soft tissues and has become
increasingly popular within the sporting arena. [17]There are many proposed benefits to KT, including:
proprioceptive facilitation; reduced muscle fatigue; muscle facilitation; reduced delayed-onset muscle soreness; pain
inhibition; enhanced healing, such as reducing edema, and improvement of lymphatic drainage and blood flow.
[17]Kinesiotaping is suggested by the chiro-practitioners for management of Indigestion.[18]A case report is
available in pediatric population in which Kinesio Taping is applied with the idea of maintaining corrected stomach
position and stimulating proprioceptive response from the skin surrounding the upper abdominal area to decrease
acid reflux. [19]But, there is scanty literature which can confirm effectiveness of kinesio taping in adult age group.
Reza shaker, a gastroenterologist is the founder of Shaker’s exercise. According to him, the exercises can help
improve pharyngeal swallowing and dysphagia as the classic symptoms of GERD include heartburn, regurgitation &
dysphagia. The effectiveness of Shaker’s exercises has shown to be useful in subjects suffering from upper
esophageal dysfunction, dysphagia and deglutition issues in adults & in elderly patients.[20-22]however, there are
notrials done to study effect of Shaker’s exercises on symptoms of GERD.
Hence, it was hypothesized that combination of K-taping with Shaker’s exercises may have additive benefit on
subjects with mild and moderate grades of GERD. Thus, the objective of the present study was to study the effects
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of Kinesio-taping and Shaker’s exercises along with medical treatment and compare with subjects treated only with
medical management on reduction of severity of symptoms of the disease.
MATERIALS AND METHODS
The study was a randomized controlled trial. The study was approved by the Institutional Ethical Board. Subjects
were from the tertiary care hospital. Subjects were screened for inclusion and exclusion criteria and then included in
the study. The inclusion criteria were: (1) subjects diagnosed with GERD by certified Gastroenterologist 2) both
male and female subjects aged 18-55 years (2)Grades A & B GERD according to Los Angeles grading for GERD by
Endoscopy (diagnosed by Gastroenterologist)(3) Patients willing to participate. The exclusion criteria were: (1)Past
history of any pharyngeal surgery procedures (2)lack of cognition or comprehend commands (3)history of alcoholic
neuropathy (4)patient who could not lift their head and flex the neck(5) individuals unable to exercise independently
or with caregiver (6) currently using Anticholinergics or any drugs which cause GERD symptom (7) known
dermatological condition (8) any contraindication to kinesio-taping. All participants gave written informed consent
prior to this study.
The subjects were divided randomly into 2 groups as follows. (CMED): Control group-15 subjects received only
medical management. Group (SKT): Experimental group-15 subjects received Shakers exercise and Kinesio taping
along with medical management.
Flow diagram of participants through the study

Subjects Assessed for
Eligibility (n=42)
Excluded (n=12) 8 were on
anticholinergics & 4 refused to
participate

Final sample included (n=30)

Group CMED (n=15) only Medical
Management

Group SKT (n=15) taping + Shaker's
Exercise + Medical Management

no drop outs

Assessed for
function and
analysed
Interventions: CMED (Control) & SKT (Experimental) group consisted of the standard medical management given
by Gastroenterologist which by and large included the same group of medicines for all the participants. The
participants in the SKT (Experimental) group in addition to medical management received supervised physical
therapy treatment which consisted of Shaker’s exercise (Figure 1) every day and KT tape (Figure 2) for 3 times in
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the 10 days of treatment sessions. The exercises and taping was done by a certified physical therapist. The treatment
session lasted for 10days for both the groups. All the participants were assessed for outcome measure on the 1st day
pre-intervention and 10th day post intervention.
Medical intervention:
This included standard prescription of medications by certified Gastroenterologist. This included the following set of
medications and dosages as per the requirement and severity of the subjects’ symptoms.
-

Antacids &/ H2 blockers and/ proton pump inhibitors
Prokinetics
Figure: 1. Shaker’s Exercise

Figure: 2. Application of Kinesio-tape

Procedure for Physiotherapy intervention:
Shaker’s Exercise: the exercises are performed in two parts viz. Isometric hold contractions followed by isokinetic
repeated contractions. Initially subjects performed sustained head lifts for the 1-min in the supine position with a 1minute rest between lifts for 3 consecutive repetitions. This was then progressed by participants’ tolerance to 30
consecutive repetitions of head raisings in supine position. For both sustained and repetitive head rising, volunteers
were instructed to raise the head high enough to be able to observe their toes without raising their shoulders.
Participants were instructed to stop the exercises right away if the they start to feel light headed, become short of
breath or get a headache. They were also instructed not to hold breath with isometric holds. Participants were
advised neck stretching exercises to help ease the soreness. [4, 23](Figure: 1)The exercise program consisted of a
total of 5 sessions per week over two week period.
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K-tape: This included use of two I-bands with blue color code. First I tape was put at the center of the stomach
above the belly button with mild stretch at the center of the tape with no stretch applied at either ends. Second tape
was applied across the first tape with mild stretch at the center and no stretch at the either ends. This taping was kept
for 3 days and new taping was done on 4th day. The taping was done thrice in 10 days period. [18](Figure: 2)
Outcome Measure: The outcome measure was FSSG (Frequency Scale for the Symptoms of GERD). This was a
questionnaire based assessment scale which is specifically used for gastro-esophageal reflux disease (GERD).It
assesses the patient’s symptomatology, assessment of symptom severity and frequency, assessment of health-related
quality of life and for assessment of response to treatment. (Annexure-I)
RESULTS
Statistical analysis for the present study was done using (SPSS) version 21. To find the significance of categorical
variables i.e. gender Fisher’s Exact Test was performed. Chi square test was done for Endoscopy grading. Paired
and Unpaired t-tests were used to test the significance of difference within and between group CMED and group
SKT treatment. Probability values of <0.05 were considered as statistical significant.
The demographic data and baseline characteristics are described in Table:1. There were no significant differences in
baseline demographic or clinical characteristics in the two groups.
Table: 1. Characteristics of the Study Population
Parameters
CMED
SKT
Age (mean ± SD)
35.33 ± 9.574
34.8 ± 10.234
Gender (M/F)
11/4
7/8
Height (mean ± SD)
163.8 ± 8.213 164.00 ± 9.457
Weight (mean ± SD)
62.73 ± 7.126
59.87 ± 8.219
BMI (mean ± SD)
23.59 ± 3.459
22.53 ± 3.089
W/H ratio (mean ± SD)
0.86 ± 0.145
0.76 ± 0.135
Endoscopy (Grade A/B/C/D) [n]
9/6/0/0
8/7/0/0
a-t test; b- Fisher’s Exact test; c-Chi-square test

p value
0.884a
0.264b
0.935a
0.316a
0.381a
0.061a
0.390c

The within group analysis i.e. pre post treatment comparison showed significant improvement in the FSSG score in
both CMED and SKT groups (p<0.05). Hence, both control (CMED) and Experimental (SKT) groups were effective
in showing better functional improvement. However, the inter group comparison showed significant difference for
the functional scores using FSSG scale. (p=0.012). Thus, it can be inferred that the Shaker’s exercises with kinesio
taping intervention group along with the conventional medicines (experimental) showed to be more beneficial than
only medicines group (control).(Table: 2)
Table: 2. Inter group comparison for FSSG scores between CMED and SKT groups

CMED
SKT
p value

PRE TREATMENT POST TREATMENT
Mean
SD
Mean
SD
19.67
8.58
6.80
3.028
19.47
6.82
10.40
4.205
0.944
0.012*
*statistically significant

DISCUSSION
The present randomized controlled trial was conducted to compare the effect of Shakers Exercise with kinesio
taping and medical management over only medical management of GERD on severity of the disease and functional
limitation. The common treatment given to both the groups was conventional medical management i.e. H2
antagonist and PPIs as these drugs increase gastric emptying.
The mean age of participants in the present study was 35 years of age. GERD is known to be common condition
affecting adults in the age group of 30-70 years. [24]This is further supported by a study done on prevalence of
heartburn and GERD in the urban Brazilian population. The average age of both men and women in the study were
36.9±15.0 and 39.6 ± 15.2 respectively. The evidence showed prevalence of heartburn to be 11.9% and GERD
7.3%. [25, 26]In present study too the number of male participants was more than the female participants. The
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studies have shown that along with progressing age, the male gender is at higher risk for GERD. A review states that
frequency of heartburn increased with age and was more common in men (40.7%) than women (32.6%). He also
suggested that the aggravating factors that included dietary factors, spicy foods and greasy rich food along with
stress. [27]Abdominal obesity increases the risk of GERD. A study was done to find association between body mass
index and occurrence of GERD comparing normal weight and overweight women. The authors concluded that BMI
is associated with GERD symptoms and that even modest weight gain may exacerbate reflux symptoms. [28]In
another study by Jennifer Kramer, the author demonstrated that Waist-to-Hip Ratio is associated with an increased
risk of Barrett's esophagus in white men. More number of patients with BE had a higher Waist hip ratio. They also
suggested that there was no association between BMI and Barrett'sesophagus. [29]However, the current study
showed the participants had normal BMI with borderline values of WHR.
In the present study all the participants in control group who received only medications showed significant
improvement in symptoms and functions. This is in accordance to many previous studies who suggest medical
management to be a mainstay of treatment for milder to moderate forms of GERD.[13-15]The various agents that
were used in the present study for treatment of GERD included combinations of antacids, proton pump inhibitors,
H2 blockers and prokinetics depending upon their symptom severity and grades on endoscopy. This was according
to the guidelines by American Society of Gastroenterology. The medications are said to effectively treat the
symptoms for mild to moderate grades of GERDs. [13]Hence, the subjects included in the current study were with
mild to moderate grades of GERD.
The present study showed significant improvement in patient’s functional outcomes with Shaker’s and
Kinesiotaping along with medical management. Basically Shaker’s exercises were developed and administered for
subjects with upper esophageal dysfunctions. Pathophysiologically, gastroesophageal reflux in adults is attributed to
increased number of transient lower esophageal sphincter relaxations, ineffective esophageal motility, and reduced
lower esophageal sphincter tone. [7] In a review article on clinical disorders of the upper esophageal sphincter the
author has stated that the majority of esophagopharyngeal regurgitation events occur in the erect posture and in very
close association with gastroesophageal reflux events.[30]Also, there are common symptoms of GERD and
Laryngo-esophageal reflux like heartburn, dysphagia, nausea, regurgitation, belching, sore throat etc. Thus, in the
present study application of Shaker’s exercises for GERD symptoms is reasonable and valid.
The results of the present study demonstrated improvement in their symptoms of GERD. Shaker’s exercises have
shown to cause an upward and forward movement of the hyolaryngeal structures resulting from the pull of the
thyrohyoid, mylohyoid, geniohyoid and anterior belly of diagastric muscles. These improvements in the patients can
be attributed to factors like strengthening of the muscles that facilitate UES opening, deglutitive muscles. Thus, the
exercises aid to reduce dysphagia, reflux of the food, and avoid contents of stomach from being aspirated into the
throat or larynx. [22]The strengthening effects of Shaker’s exercises have been studied in a comparative
experimental study done where the comparative effect of a head-raising exercise on swallow-induced UES opening
and hypopharyngealintrabolus pressure was assessed in the elderlyby videofluoroscopy and manometry before and
after exercises. The authors concluded that this approach may be helpful in patients with dysphagia due to disorders
of deglutitive UES opening. They found that in normal elderly subjects, deglutitive UES opening is amenable to
augmentation by exercise this is also accompanied by a significant decrease in hypopharyngealintrabolus pressure,
indicating a decrease in pharyngeal outflow resistance. [22]In the present study, similar factors might have also
contributed in reducing the symptoms of GERD. Another study was done by Reza Shaker(2002)on rehabilitation of
swallowing by exercise in tube-fed patients with pharyngeal dysphagia secondary to abnormal UES opening. The
author concluded that after shakers exercise i.e. suprahyoid muscle strengthening exercise program is effective in
restoring oral feeding in some patients with deglutitive failure because of abnormal UES opening. [31]Yet another
small clinical trial was done in the year 2009 that included patients who exhibited oropharyngeal dysphagia on
videofluorography (VFG) involving the upper esophageal sphincter (UES) and who had a 3-month history of
aspiration. All patients were randomized to either traditional swallowing therapy or the Shaker exercise for 6 weeks.
Results showed that the Shaker patients exhibited a greater reduction in post swallow aspiration than traditional
therapy. [20]Hence, the above evidences show findings that are similar to that of the present study.
Kinesio taping has been suggested to be effective in treatment of indigestion. This was used by chiropractitioners
along with massage and chiropractic care in pediatric patients with reflux issues. Taping has shown to be effective in
facilitation and inhibition of the affected areas. In case of GERD, there are two theories or principles on which
taping is said to be effective. [17-19]Firstly it provides support and secondly it reduces edema and pain. The first
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effect may be due to facilitatory effect of taping on the lower esophageal sphincter which is relaxed in subjects with
GERD. Since there is relaxation of lower esophagus sphincter, a kinesio tape for facilitation and support was to be
applied over the area of sphincter with relevance to surface landmark of LES. The second effect can be explained as,
when kinesiology tape is applied to the skin over an inflamed area; the stretch in the tape gently lifts the skin,
creating a space between the skin and the tissues below. This creates an area of negative pressure, allowing
both blood vessels and lymphatic vessels to dilate (open), increasing the circulation of both fluids. In this study it
was seen that patients suffered from epigastric pain pretreatment and that pain was reduced post treatment in SKT
group. The principle of use of blue color tape is to calm high-energystructures and to lower muscle tonus. [17-19]
Similar findings were reported in a case report in pediatric Reflux disease where taping was given in combination
with chiropractic care. [19]In the present study, Shaker’s exercise was given in combination with Kinesio taping.
However, there are no previous studies where Shaker’s exercises are given along with taping for GERD.
In the present study although both control and experimental groups showed significant improvement in the severity
of symptoms of GERD, the experimental group(taping+exercises+medications) showed to have additive effects over
only medications.
Limitations of the study:
According to The European Medicine Agency Guidelines, trial duration of 8 weeks will be regarded as the
minimum requirement for the documentation of healing of reflux esophagitis.[32]Endoscopy would show changes in
mucosal healing only after minimum of 8 weeks of medical management. Due to the time constraint of the present
study and difficulty to follow up with patients, the study duration was decided for 10days. The outcome measure
was only subjective as in the mild and moderate grades of GERD are assessed more based on symptoms. However,
the objective of the present study was to measure subjective improvements.
Future scope:
The similar research should be tried on a larger sample size and with longer duration of treatment with follow up.
Future research should incorporate more outcome measures and also include objective method of assessment.
Studies also should be conducted where effects of Shaker’s exercises and taping on biomechanics of lower
esophageal sphincter function can be objectively measured incorporating endoscopic changes, videofluroscopy and
manometry.
CONCLUSION
In the present study both the groups showed significant improvement but Shakers exercise and kinesio taping along
with medical management showed better improvement when compared with only medicines group. Hence, based on
the results of present study it can be concluded that shakers exercise and kinesio taping along with medical
management should be incorporated in the treatment of patients with GERD. The gastroenterologists should
incorporate reference to physiotherapy department for additional therapy including shakers exercise and kinesio
taping along with medical management in the treatment of patients with GERD of mild to moderate grades on
outpatient basis.
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Abstract

Background and Aims: Cardiac Rehabilitation after Coronary arteries bypass graft (CABG) surgery
is known to have several favorable effects. Aerobics exercise in the form of chair aerobics shown to have
beneficial effects with little evidence. The purpose of the present study was to demonstrate the effect of
chair aerobics as low intensity exercise training in heart rate, blood pressure and six minute walk distance
in post CABG patients during phase I cardiac rehabilitation.
Methods: It was a single centre, prospective study carried out in Indian tertiary care set-up. Fifty
patients post CABG patients were included. Chair aerobics as a low intensity exercise training was given.
Pre and post-exercise outcome measurements in the form of heart rate, blood pressure and six-minute
walk distance test were recorded.
Results: The study showed statistically significant difference in systolic blood pressure (p= 0.018), heart
rate (p≤0.001) and increase in six minute walk distance (p≤0.001).
Conclusion: : Chair aerobics as low intensity exercise training demonstrated improvement in heart
rate, systolic blood pressure and six minute walk distance test in subjects with CABG through phase I
cardiac rehabilitation.
Key words: CABG, Cardiac rehabilitation Phase I, Chair aerobics

Introduction
Coronary artery bypass graft (CABG) is a preferred treatment
option for multi-vessel disease and Left main disease patients.
It was first performed in India in 1975.1 Cardiac Rehabilitation
(CR) is an interdisciplinary team approach to patients with
functional limitations secondary to heart disease2 and known to
have favorable effects in post CABG patients. Physical training
enhances exercise tolerance, activity of daily living, and quality
of life.3 According to the American College of Sports Medicine
(ACSM), any sport or activity that works large groups of muscles,
is continually maintained and performed rhythmically, is
defined as an aerobic or cardiovascular exercise.4 Chair Aerobics
are the aerobic exercises performed while sitting in a chair or
wheelchair.5 There is hardly any evidence to demonstrate effect
of chair aerobics on heart rate, blood pressure and six-minute
walk distance test (SMWD) in post CABG patients during phase
I Cardiac Rehabilitation. Our study aim to evaluate the effect
of chair aerobics, as low intensity exercise training on blood
pressure, heart rate and SMWD.

Methods
The study was a pre post experimental design with random
selection of CABG subjects using a non probability sampling
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method. The data was collected from the post operative cardiac
general ward in Kels Hospital, Belgaum,Karnataka, India during
the study period extending for twelve months. Ethical approval
for the study was granted by the Institutional Ethical Committee
and the procedures were conducted according to the declaration
of Helsinki. All post operative CABG subjects age group of
35-65yrs, mentally stable, subjects willing to participate in the
study enrolled in phase I cardiac rehabilitation were included
in the study. Subjects were excluded if they fell in the high risk
category according to American College of Sports Medicine risk
stratification guidelines,6 conditions that were contraindicated
to exercise training (American College of Sports Medicine
guidelines),7 with drains, CABG with valve replacement, CABG
with pacemaker and subjects undergoing psychiatric treatment.
Sample size was calculated with α error of 80 and level of
significance of p ≤ 0.05 and assuming fall out rate of 10% of
subjects. Statistical analysis of the data was done using “SPSS”
windows version 20.0. Demographic data of the subjects i.e. age,
gender, weight, height, body mass index, occupation, risk factors
and diet history were analyzed using statistical measures like
mean, standard deviation and percentage. Student paired ‘t” test
was used to analyze the outcome measures (pre and post) of the
subjects in the study. Probability value (p) ≤ 0.05 was considered
statistically significant.
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Procedure:
All the subjects were initially examined for compliance with
inclusion and exclusion criteria. Demographic and baseline data
of outcome variables of each subject was recorded. Subjects were
given incentive spirometry in the form of breathing exercises.
Warm up exercises in the form of active range of motion exercises
for upper limb and lower limb was given with 5 repetitions of
each large joints. This was followed by short session of chair
aerobics exercises as per the intensity tolerated by the subject
using RPE(Rate of perceive exertion) Borg’s scale.8 The exercise
session ended with stretches and range of motion exercises for
upper limb and lower limb as cool down exercises. The entire
session did not increase its pre planned time limits. Immediately
after the exercises the Heart rate, Blood Pressure and Rate
Pressure Products were measured. After the 3 min recovery
period post exercises, a six minutes walk test was performed as
per ATS guidelines9 to check the endurance calculated in the
form of distance covered by the subject at the day of discharge.

Exercise protocol
0-4 days:
Incentive spirometry in the form of breathing exercises for 5
times.
Active range of motion exercises for shoulder joint,
elbow joint, wrist joint, hip joint, knee joint and ankle joint for 5
times each.
Chair aerobic exercises were given as below:
1.
Alternate heel digs with bilateral biceps curl – 8 repetitions
2.
V- step with bilateral hammer curls – 8 repetitions
3.
Lateral step touch with bilateral biceps curl – 8 repetitions
4.
Knee lift – 8 repetitions
The intensity of the exercises was low and as tolerated
by the subject on the basis of RPE Borg’s scale.8 The total time
duration was 15 minutes.
5th - 8th days:
Incentive spirometry in the form of breathing exercises for 8
times.
Active ROM exercises for shoulder joint, elbow joint,
wrist joint, hip joint, knee joint and ankle joint for 8 times each.
Chair aerobic exercises were given as below:
1.
Alternate heel digs with bilateral arm curl – 16 repetitions
2.
V- Step with bilateral hammer curls – 16 repetitions
3.
Lateral step touch with bilateral arm curl – 16 repetitions

4.

Knee lift – 16 repetitions
The intensity of the exercises was low and as tolerated
by the subject on the basis of RPE Borg’s scale.8 The total time
duration was 20 minutes.
9th days –till discharged from hospital:
Incentive spirometry in the form of breathing exercises for 10
times.
Active ROM exercises for shoulder joint, elbow joint,
wrist joint, hip joint, knee joint and ankle joint for 10 times each.
Chair aerobic exercises were given as below:
1.
Alternate heel digs with bilateral arm curl – 32 repetitions
2.
V- step with bilateral hammer curls – 32 repetitions
3.
Lateral step touch with bilateral arm curl – 32 repetitions
4.
Knee lift – 32 repetitions
The intensity of the exercises was low and as tolerated
by the subject on the basis of RPE Borg’s scale.8 The total time
duration was 30 minutes.
Measurement of outcome variables
Hemodynamic variables were measured as per the
ACSM guidelines.10
• Blood pressure: It was measured as per the ACSM
guidelines.
• Heart Rate: was done by palpation method.
• Six minute walk test was carried out as per ATS
guidelines.9
Results
A total of eighty two (82) subjects with post CABG surgery, were
screened in Phase I Cardiac rehabilitation program during the
study recruitment period, out of which sixty (60) were enrolled
into the study based on the eligibility criteria. Fifty (50) subjects
completed exercise training protocol. The results of the study were
based on the data analyzed for fifty (50) subjects. Demographic
data of the subjects are outlined in Table 1. Mean age of subjects
was 56.17±7.17.Fourty (80%) subjects were males and 10 (20%)
were females. Outcome measures pre and post intervention are
demonstrated in Table 2. There was significant difference in
the systolic blood pressure (p= 0.018) where as diastolic blood
pressure did not demonstrate any changes in between pre and post
intervention. The mean difference of heart rate between pre and
post intervention was statistically significant (P≤0.001). Distance
covered in six minute walk test improved significantly (p ≤0.001)
after the intervention with a mean difference of 91.86 meters.

Figure 1: Consort Flow Study Chart
82 Post CABG patients referred for phase I Cardiac Rehabilitation programme
Exclusion criteria:
10-medically
unstable
06- Did not give
consent
06- Not willing to
participate

60 subjects met the inclusion criteria and were enroll in the study

Number of subjects given chair aerobic as low intensity exercise training till day of discharge n= 60

50 subjects were assessed for outcome variables

Drop outs: n= 10
05= Due to pain
03= Due to fever
02= Haemodynamically
unstable

Data subjected for statistical analysis
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Table 1: Demographic distribution of subjects participating in the study
S.No.

Demographic Characteristics

Number

Percentage (%)

40-50

11

22

1.

Age groups (Years)

51-60

20

40

61-65

19

38

2.

Gender

Male

40

80

Female

10

20

≤55

17

34

56-70

20

40

3.

4.

5.

6.

7.

Weight (Kg)

Height (cm)

BMI (Kg/M2)

Occupation

Risk factors

>70

13

26

≤150

10

20

151-160

24

48

161-170

16

32

<18.5

0

0.0

18.5-24.9

24

48

25-29.9

23

46

30-34.9

3

6

≥35

0

0.0

Labourer

8

16

Farmer

13

26

Service

12

24

Businessman

7

14

Housewife

8

16

Teacher

2

4

Family History

10

20

Cigarette Smoking 8

26

Hypertension

31

62

Dyslipidemia

26

52

Diabetic Mellitus

25

50

Obesity

3

6

Mean ± SD
56.17±7.17

62.62±10.37

158.36±7.68

24.94±3.34

Table 2: Outcome measures of the subjects participating in the study
Baseline

Post-test

Mean ±SD

Mean ±SD

Mean
difference

t-value

‘p’ value

Systolic Blood Pressure
(mmHg)

120.52±9.71

116.64±9.73

-3.88

2.45

0.018

Diastolic Blood Pressure
(mmHg)

77.32±7.67

75.04±7.23

-2.28

1.83

0.072

Heart rate (beats/min)

90.01±6.24

84.74±6.1

-5.27

5.55

<0.001

Six minute walk distance (mts)

97.22±76.51

189.08±122.15

91.86

-10.27

<0.001

Outcome measures

Level of significance p ≤ 0.05
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DISCUSSION
The present study was conducted to study the effect of chair
aerobics as low intensity exercise training on BP, HR and SMWD
in Post CABG patients during phase I Cardiac Rehabilitation.
There was significant difference in the systolic blood pressure
in the present study where as diastolic blood pressure did not
demonstrate any changes in between pre and post intervention.
Fagard RH, demonstrated no changes in diastolic blood pressure
with slight change in systolic blood pressure after dynamic
physical training from three to five times per week during 30–60
min per session.11Another study by Baines CL et al. demonstrated
significant changes in both systolic and diastolic blood pressure
after twelve weeks low intensity exercise conditioning program.12
Heart rate is primarily mediated by the direct activity
of the autonomic nervous system with predominance of vagal
activity (parasympathetic) at rest that is progressively inhibited
from the onset of exercise. Aerobic training has shown to lower
resting heart rate due to higher parasympathetic activity.13Present
study demonstrated post intervention decrease in heart rate
which is similar to the study conducted by Forjaz C.M.L et al. 14
However, possible explanation for the decrease in heart rate may
be due to low intensity exercises which may induce a reduction in
sympathetic nerve activity to the heart and blood vessels during
the recovery period.
The six minute walk test is a simple and feasible test.9
The six minute walk test in a cardiac rehabilitation population
is reliable and valid measures to check the functional exercise
ability.15A study by Nilsson BB et al. in congestive heart failure
subjects demonstrated significant improvements in walking
distance after thirty two sessions of high intensity aerobic
training.16 Larsen AI et al. checked sub maximal exercise capacity
in subjects with heart failure by using six minute walk distance
and found significant improvement in sub maximal exercise
capacity following twelve weeks of exercise training.17 The twelve
week progressive quadriceps resistance training in patients with
stable coronary heart failure has shown improvements in the
muscle strength as well as the functional capacity by using six
minute walk distance.18 In the present study, distance covered by
the subjects in six minute walk test, significantly improved after
the intervention similar to the study conducted by Hirschhorn
AD et al where Phase 1 walking exercise program performed
under direct physiotherapy supervision significantly improved
sub-maximal exercise capacity at discharge from hospital using
six-minute walking assessment distance.19 Hence, the clinical
importance of this early fitness lies in the potential for earlier
improvements in functional activity, and expedited referral to
exercise-based outpatient (Phase II) cardiac rehabilitation (CR)
programs.
Though the present study consisted of small sample
size with heterogeneous population, it demonstrated that chair
aerobics as low intensity exercises may be helpful in improving
HR, SBP and SMWD in subjects after CABG surgery with low
and moderate risk. Future studies should include larger sample
size, with longer follow up period to assess the long term benefits
in other phases, homogenous group to find out gender differences
in the outcome measures and multi-centric trials of a similar set
up.
CONCLUSION
Chair aerobics as low intensity exercises may be used in low to
moderate risk subjects of CABG enrolled in phase I rehabilitation
in improving their functional capacity.
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ABSTRACT

Keywords:

Breast engorgement is a condition that affects breastfeeding mothers early in the postpartum.
The discomfort and tenderness as a result of the engorgement is a major contributing factor to
the early cessation of breastfeeding. Many treatments for breast engorgement have been
attempted and explored. Very few researches have been conducted to monitor the effect of
cabbage leaves application on breast engorgement. A study on the effectiveness of chilled
cabbage leaves can contribute to providing evidence for introducing the intervention in clinical
practice thus, the researcher conducted this study. The objectives of the study were to assess
the pain and severity of breast engorgement experienced by postnatal mothers before and
after application of chilled cabbage leaves and to evaluate the effectiveness of chilled cabbage
leaves application for relief of breast engorgement among postnatal mothers. The research
approach used for the study was the evaluative approach. The study was conducted using a one
group pre test post test pre experimental design. The independent variables of the study were
cabbage leaves application for relief of breast engorgement and the dependent variables were
the pain and severity. Wiedenbach's clinical nursing practice –A helping Art theory was used as
a conceptual framework for this study. The study was conducted on 30 postnatal mothers
having breast engorgement admitted in maternity wards of KLE Dr Prabhakar kore hospital
Belguam using convenient sampling technique. Data was collected by using a breast
engorgement pain and severity rating scale. The hypothesis for the study was Ho1: There is no
significant difference between the mean pre treatment scores and mean post treatment scores
of breast engorgement of postnatal mothers received cabbage leaves application at 0.05 level
of significance. The data was tabulated and analyzed in terms of objectives of the study, using
descriptive and inferential statistics. The major findings of the study on effectiveness of chilled
cabbage leaves application for breast engorgement on reducing pain and severity of breast
engorgement among postnatal mothers showed the mean pre test score of postnatal women
with breast engorgement before application of chilled cabbage leaves (14.86) is more than the
mean post test score (1.33) after application of cabbage leaves on postnatal mothers with
breast engorgement. Wilcoxon signed rank test shows that there is a significant difference
between pre and post treatment scores Z=4.792 P<0.001. Hence chilled cabbage leaves
application is effective in reducing pain and severity of breast engorgement.

Chilled Cabbage leaves application,
breast engorgement,
pain and severity,
postnatal mothers.

c
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1. Introduction
Despite being a natural human activity breastfeeding
difficulties are not uncommon. But, just because it is natural it
does not mean that it is easy especially in the first few over
whelming weeks with the new born.3Though it was an preferred
* Corresponding Author : Dr. Sangeeta N Kharde

Prof and HOD Department of OBG(N),
KLE University's Institute of nursing Sciences,
Belagavi, Karnataka, Phone: +919481322656,
e-mail:sangeeta.kharde@gmail.com
c Copyright 2011. CurrentSciDirect Publications. IJBMR - All rights reserved.

practice by the postnatal mothers, it is not successful for all the
mother due to many factors. One of the most common factors
affecting this breast feeding practice is breast engorgement.1
Breast engorgement is the painful overfilling of the breast with
milk. This is usually caused by an imbalance between secretion and
feeding and is characterized by swelling, tenderness, warmth,
hardness and pain. If it not treated promptly can
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MATERIALS AND METHODS
The research approach was evaluative and the study design
was pre experimental one group pretest posttest design to
evaluate the effectiveness of chilled cabbage leaf application for
relief of breast engorgement. Independent variable was chilled
cabbage leaf application for relief of breast engorgement,
Dependent variable was reduction in the pain and severity of
breast engorgement and The extraneous variables considered
were Parity, mode of delivery, type of feeding. The setting
selected for the present study was postnatal ward of K.L.E'S
Dr.Prabhakar Kore Charitable Hospital, Belgaum. The study
population comprises of postnatal women who are admitted in
postnatal ward at K.L.E'S Dr. Prabhakar Kore Charitable Hospital,
Belgaum. The sample chosen for the present study was 30
postnatal mothers having breast engorgement admitted in
postnatal ward at K.L.E'S Dr.Prabhakar Kore Charitable Hospital,
Belgaum. The sampling technique used for the study was
convenient sampling technique. The tool used for gathering
relevant data was a breast engorgement pain and severity rating
scale. All participants were selected after the fulfillment of
inclusion and exclusion criteria. A written informed consent was
obtained from the study participants. Pre-treatment assessment
of the severity of breast engorgement in postnatal mothers was
done with breast engorgement pain and severity rating scale.
Chilled cabbage leaves were applied to the experimental group
at the end of the pre-test by following method such as Before
using the chilled cabbage leaves, crushed the veins in the leaf
with a rolling pin, or slice off the tops of the “veins” with a sharp
knife then several leaves were draped over each breast and care
was taken to cover all the engorged tissue. The compress was left
on until the leaves became wilted, that is for about 30 minutes.
The procedure was Repeated (application of chilled cabbage
leaves) four times that is every 6 hourly per 24 hours for 2 days.
Post treatment assessment was carried out to evaluate the
effectiveness of chilled cabbage leaves to reduce the pain and
severity of the breast engorgement.
Results:
Statistical analysis was done using descriptive and
inferential statistics. PainP re- treatment Post-treatment
score.
TABLE 1: Frequency and percentage distribution in pain of
breast engorgement in pre and post treatment score. n=30

Table 1 revealed in pre test slight pain present
1(.33%)postnatal mother ,moderate pain for 9 (30%)postnatal
mothers and severe pain for 20(66.67%) postnatal mothers and
where as in post test pain was absent for 23 (76.67%) postnatal
mothers and slight pain present for 7(23.33%) postnatal mothers.
TABLE 2: Frequency and percentage distribution of
redness in severity of breast engorgement in pre and post
treatment scores n=30

Table 2 revealed in pre test slight redness present 12(40%)
postnatal mothers, moderate redness for 11 (36.6%) severe
redness for 6(20%) postnatal mothers and where as in post test
redness was absent for 28 (93.33%) postnatal mothers and slight
redness present for 2(6.7%) postnatal mothers.
TABLE 3: Frequency and percentage distribution of
hotness in severity of breast engorgement in pre and post
treatment scores
n=30

Table 3: revealed in pre test slight hotness present 1(3.3%)
postnatal mother ,moderate hotness for 1 (3.33%) postnatal
mother severe hotness for 28 (93.3%) postnatal mothers and
where as in post test hotness was absent for 18 (60%) postnatal
mothers and slight hotness present for 12 (40%) postnatal
mothers.
TABLE 4: Frequency and percentage distribution of
hardness in severity of breast engorgement in pre and post
treatment score.
n=30
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Table 4 revealed in pre test, moderate hardness for 4 (13.33%)
postnatal mothers severe hardness for 26 (86.67%) postnatal
mothers and where as in post test hardness was absent for 26
(86.67%) postnatal mothers and slight hardness present for 4
(13.3%) postnatal mothers.
TABLE 5: Frequency and percentage distribution of swelling
in severity of breast engorgement in pre and post treatment
scores.
n=30

Table 5; revealed in pre test swelling absent 2 (6.66%) postnatal
mothers , slight swelling present 6 (20%) postnatal mothers
,moderate swelling for 10 (33.3%) postnatal mothers and severe
swelling for 12 (40%) postnatal mothers and where as in post test
swelling was absent for 29 (96.67%) postnatal mothers and slight
swelling present for 1 (3.33%).
TABLE 6: frequency and percentage distribution of lactation
in severity of
breast engorgement in pre and post treatment
scores
n=30

Table 6: revealed in pre test lactation poor 25 (83.33%) in
postnatal mothers, fair lactation present 5 (16.67%) postnatal
mothers ,and where as in post test excellent lactation was present
for 16 (53.33%) postnatal mothers and good lactation present for 14
(3.33%) postnatal mothers.
Table 7 Findings related to effectiveness of chilled cabbage
leaf application on reducing pain and severity of breast
engorgement among postnatal mothers.
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Table 7: revealed that mean pre test score (14.86) is more than
the mean post test score (1.33). Hence chilled cabbage leaves
application is effective in reducing pain and severity of breast
engorgement. So H0 is rejected
DISCUSSION
The majority of the postnatal mothers 15 (50%) belonged to the
age group of 18-22 years, and 10 (33.33%) belonged to the age
group of 23-27 years, 5 (16.66%) belonged to the age group of 2832 years. Similar quasi experimental study conducted by Ruba A35
in Coimbatore found that out of 28 postnatal mothers the breast
engorgement was common in age group of 21 – 25 years. Majority of
the postnatal mothers were primiparous 25 (83.33%) and 5
(16.66%) were multiparous. Supporting to these findings study
conducted by Ruba.A35found that primi gravid mothers were more
prone to develop breast engorgement than multigravida. Among the
postnatal mothers 23 (76.66%) were Hindus, 5 (16.66%) were
Muslims and 2 (6.66%) were Christians. Majority had normal
delivery 20 (66.66%) and 10 (33.33%) were LSCS. Majority of
postnatal
mothers 10 (33.33%) were breast feeding and 20
4. RFESULTS
(66.66%) were EBM with wati spoon.. There are no supportive or
contradictory studies found in baseline data of religion, mode of
delivery and type of feeding. The findings of the prê treatment scores
of pain by using breast engorgement pain and severity rating scale
were found to be
slight pain in 1 postnatal women (0.33%)
,moderate pain in 9 (30%) postnatal women and severe pain in 20
(66.67%) .After application of chilled cabbage leaves the post test
scores of pain was absent in 23 (76.67%) postnatal women and
7(23.33%) experienced slight pain. The similar study was
conducted by Robert KL30 in Australia. The study findings showed
that there was a statistically reduction in pain score of 1.8 points
(30%) with chilled cabbage leaf and 2.2 points (39%) with gel packs
(p=0.0001). He concluded that gel packs and chilled cabbage leaves
were both effective treatments in reducing pain associated with
breast engorgement. Another study supported the same results
which was conducted by Wong BB, Koh S, Hegney GD, Guhe H39
which concluded that chilled cabbage leaf application reduced pain
associated with breast engorgement. The similar study findings
were showed by Rober KL, Reiter M, Diane27 which revealed a
statistically significant reduction in pain scores for both room
temperature 2.0 points (37%) and chilled cabbage leaves2.1 points
(38%) (p=0.0001). Contradictory to these findings the study
conducted by Smriti A24, which found that hot and cold compress
was more effective at p<0.001 level where as cold cabbage leaves
was effective in decreasing pain (p<0.001) The severity of breast
engorgement was measured by using breast engorgement pain and
severity rating scale which had following components like redness,
hotness, swelling, hardness and lactation. The findings of pre
treatment scores by utilizing breast engorgement pain and severity
rating scale revealed that there was redness in severity of breast
engorgement in pre treatment reveals that slight redness present
12 (40%) in postnatal mothers, moderate redness for 11 (36.6%)
and severe redness for 6 (20%) postnatal mothers. In post test
scores after application of chilled cabbage leaves redness was
absent for 28 (93.33%) of postnatal mothers and slight redness
present for 2 (6.7%) postnatal mothers. In pretreatment scores
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hotness as a component in severity of breast engorgement
revealed that slight hotness present 1 (3.3%) postnatal mothers
,moderate hotness for 1 (3.33%) and severe hotness for 28 (93.3%)
postnatal mothers . After application of chilled cabbage leaves
hotness in post treatment was absent for 18 (60%) and slight
hotness present for 12 (40%) In pretreatment scores the swelling in
severity of breast engorgement revealed that swelling was absent
for 2 (6.66%), postnatal mothers with breast engorgement and
slight swelling present 6 (20%) ,moderate swelling for 10 (33.3%)
and severe swelling for 12 (40%). After application of chilled
cabbage leaves in post treatment score swelling was absent for 29
(96.67%) and slight swelling present for 1(3.33%)postnatal
mothers. For redness, hotness, swelling components in severity of
breast engorgement on supportive or contradictory studies were
found. In pre treatment scores the hardness as a component in
severity of breast engorgement was moderate hardness in 4
(13.33%) postnatal mothers, and severe in 26 (86.67%) postnatal
mothers however after the application of chilled cabbage leaves
hardness was absent in 26 (86.67%) and slight hardness present in
4 (13.3%) postnatal mothers. These findings were supported by a
study carried out by Boh BoiWong39 which found that cabbage
leaves application used on women with breast engorgement helps to
reduce the hardness of engorged breasts. In pre treatment scores
the degree of lactation was found to be poor in 25 (83.33%)
postnatal mothers, and fair in 5 (16.67%) postnatal mothers. Where
as in post treatment lactation was excellent in 16 (53.33%) and good
in 14 (3.33%) postnatal mothers. The study finding were similar to
that found by a randomized control trial conducted by Nikodem25 to
evaluate the effect of cabbage leaves on mothers perception of
breast engorgement and the influence of this treatment on breast
feeding practices. It found that women who received cabbage leaf
application were more likely to breast feed exclusively (76%) and
duration of exclusive breast feeding was longer. The mean pre
treatment score of breast engorgement before application of chilled
cabbage leaves (14.86) is more than the mean post treatment score
(1.33). Wilcoxon signed rank test shows that there is a significant
difference between pre and post treatment scores (Z=4.792
P<0.001). Hence it can be said that chilled cabbage leaf application is
effective in reducing pain and severity of breast engorgement. A
similar quasi experimental one group pretest post test design
supportive study was conducted by A Ruba35 on 24 postnatal
mothers in Coimbatore. The mean pre treatment score was 8 and
after application of cabbage leaves the post test score was 1.56 and
found that cabbage leaf application is very effective in relieving
breast engorgement. A supportive study was conducted by Roberts
KL30 to compare the effectiveness of chilled green cabbage leaves
and chilled gel packs in reducing breast engorgement in postpartum
mothers. It showed that both chilled cabbage leaves and chilled gel
packs were effective in reducing pain on breast engorgement but
majority of mothers preferred cabbage leaves. Another supportive
study was conducted by Smriti A24 to assess and compare the
efficacy of cold cabbage leaves and hot and cold compress in
treatment of breast engorgement. Results found that both hot and
cold compress and cabbage leaves were effective in decreasing
breast engorgement, (p=0.007). The findings of a study conducted
by Reiter MA3 were contradictory to that of the study. The study was
conducted to compare the effectiveness of chilled over room

temperature cabbage leaves in reducing the discomfort in postnatal
mothers. It found that there was no difference in the post treatment
ratings for both treatments (p=0.04) and concluded that it is not
necessary to chill cabbage leaves before use.
CONCLUSION
There was a significant reduction in pain and severity of breast
engorgement among postnatal mothers after application of chilled
cabbage leaves. Thus it was proved to be an effective treatment for
pain and severity of breast engorgement. Therefore, this
intervention should be promoted as an institutional policy and
implemented as a routine care for all postnatal mothers having
breast engorgement for reducing pain and severity.
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ABSTRACT
Background: Suicide is the major problem in today's life in order to escape from the
responsibilities. The elderly population has a significant risk of suicide when compared to other
age groups.
Objectives: To assess the knowledge regarding preventive measures of suicidal behavior among
elderly people. To find out the association between knowledge scores of elderly with selected
demographical variables
Methods: A Descriptive research design adopted to carry out the present study. The study
included 50 samples which were selected by conveniently. Structured questionnaire was
prepared and given to the respondents with their consent to assess the knowledge level.
Results: The results reveals that in the test, 56% of the respondents possess average knowledge,
22% of the respondents possess poor knowledge and remaining 22% respondents possess good
knowledge. There is no significant association between the knowledge scores of elderly with
selected demographic variables.
Conclusion: Based on the findings of the study, the following conclusion has drawn. Overall
knowledge of elderly people regarding preventive measure of Suicide was average. Hence there
is need to create awareness regarding preventing suicide among elderly to reduce the mortality
rate as it one of third largest problem causing death.
Key words: Suicide.
INTRODUCTION
Suicide at any age is a tragedy for the individual, his or her family, friends and the community
of which they are a part of. Suicide is the major problem in today's life in order to escape from
the responsibilities. The elderly population has a significant risk of suicide when compared to
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other age groups. Older age groups are the age groups who needs more love, more care, and
more attention. Suicide is the third leading cause of death among young adults worldwide. There
is a growing recognition that prevention strategies need to be tailored to the region-specific
demographics of a country and to be implemented in a culturally-sensitive manner.1
Suicide is derived from the Latin word suicaedere which means to kill oneself. It is also
known as acting of taking one's life.2 Older age groups are the peoples who are facing a
numerical physical, mental , social problems and these are the age groups who experiences
loneliness ,depression, etc., in their in their life. It may be due to either avoidance from the
family, any major health problems, or the people who may feel that no one is there to take care
of them at their old age. This all thoughts lead them to commit suicide or stop their life.
In most countries throughout the world that report such statistics to the World Health
Organization, suicide rates tend to rise as a function of age for both men and women to a peak in
old, old age.3
Suicide is an important issue in the Indian context. More than one lakh lives are lost every
year to suicide in our country. In the last two decades the suicidal rate has increased from 7.9 to
10.3per 100,000.
In 2011 statistical report stated that someone over the age of 65 commits suicide every 90
minutes (16 deaths per day). In 2013 it was reported that this statistic had doubled. Elders,
account for one-fifth of all suicides, but it only represents 12% of the population.4
About 800,000 people commit suicide worldwide every year of these 135,000 (17%)
are residents of India, a nation with 17.5%of world population . in 2012 Tamil Nadu (12.5%)
and Maharashtra (11.9%)and west Bengal (11.0%) had the highest proportion of suicides
among large population states. according to national crime bureau Karnataka places a scary
fourth in the list of states with a high rate of suicide for the year 2014 being accountable for
10,945 or 8.3%of the total death due to suicide in the country.5
Almost six times the national average. The suicide rate among elders is two to three times
higher than in younger age groups. Elder suicide may be under reported 40%or more. in recent
years united states has exhibited that suicide rates peak at mid-life for both men and women and
decline slightly thereafter for overall population. Most of the suicidal attempts are taken place in
the younger age groups and the older peoples.
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HYPOTHESIS
H0: There will be no significant association between the knowledge scores of elderly with
selected demographic variables.
RESEARCH METHODOLOGY
The Descriptive approach was found to be suitable for the present study
POPULATION:
The population of this study was elderly people in Shantai old age home, Belagavi. Non random
sampling procedure of convenient sampling technique was used to select the sample of elderly
patients. The sample size for the present study consists of 50 old age people from Shantai old age
home, Bamanwadi, Jamboti Road, Belagavi. The data collection was done on 12-03-2018. After
getting permission from the Principal, Manager of the old age home
RESULTS
Structured interview schedule to assess the knowledge regarding preventive measure of
suicide. The data was analyzed by using descriptive and inferential statistics.
Demographic variables of the Elderly people.
Table& Graph 1: Distribution of samples
n=50
Demographic Variable
Age in years

Gender
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Frequency

Percentage

a) 60-65 years

10

20%

b) 65 – 70 years

15

30%

c) Above 70 years

25

50%

a) Male

15

30%

b) female

35

70%
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a)Nuclear

29

58%

b)Joint

14

28%

c) Extended

7

14%

a)Married

14

28%

b)Unmarried

10

20%

c)Widow

26

52%

The demographic variable of age group majority 25(70%) of were in the age group of above 70
years, 15(30%) were in the age group of 65-70years, 10(20%) were in the age group of 60-65
years. Among 50 samples 35(70%) were females and 15(30%) were male.with the regard to type
of family majority 29(58%) elderly were having nuclear family, 14(28%) elderly were having
joint family, 7(14%) were having extended family. In a view to Marital Status the majority
26(52%) were widow, 14(28%) were married, 10(20%) were unmarried.
TABLE – 2 : Classification of respondent’s knowledge level on preventive measures of
Suicide
n=50

Classification of Respondents
Knowledge Level
Number

Percent

Poor Knowledge

11

22%

Average Knowledge

28

56%
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Good Knowledge

11

22%

Total

50

100%

The above table reveals that in the test, 56% of the respondents possess average knowledge, 22%
of the respondents possess poor knowledge and remaining 22% respondents possess good
knowledge.
TABLE 6: Mean, Median, Mode, Standard deviation, range of knowledge scores of subject
regarding preventive measures of Suicidal behavior among elderly people.
n=50
AREA
OF
ANALYSIS
MEAN

MEDIAN

MODE

STANDARD
DEVIATION

Test

10.5

08

4.95

11

Findings related to association between the knowledge scores of Elderly with selected
demographic variables.
Overall Knowledge score
Demographic
variables

square
Responses

60-65

value
Poor

Average

Good

3

6

1

Age(yrs)
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Chi-

0.074
65-70

1

11

3

Above 70

7

11

7

D

Table

Infere-

f

value

nce

4

9.488

NS
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4

8

3

Sex

Marital status

Family status

Female

7

20

8

Married

2

9

3

Unmarried

1

8

1

Widow

8

11

7

Nuclear

7

19

3

Joint

1

7

6

Extended

3

2

2

0.742

2

0.943

4

5.991

9.488

NS

NS

4
2.546

9.488

NS

There is no significant Association between the knowledge scores of elderly with selected
demographic variables.
CONCLUSION
The present study was undertaken to assess the level of knowledge regarding preventive
measures of suicidal behavior among the elderly people residing in Shantai old age home,
Belagavi, Karnataka.
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